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Accurate assessment of physical activity in children and
adolescentsis achallenge. At least six categories of techniques
have been used to assess physical activity among children and
adolescents, including self-report, electronic or mechanical
monitoring, direct observation, indirect calorimetry, doubly
labeled water, and direct calorimetry. Each type of technique
carries certain strengths and weaknesses. The purpose of this
paper is to review and synthesize available evidence on relia-
bility and validity of physical activity assessment techniques
used for children and adolescents.

More than 50 papers published between 1971 and 1997 were
reviewed for reliability and validity information with chil-
dren and adolescents ranging in age from 4 to 17 years. In
general, the aggregate of the published data suggests a moder-
ate to high test-retest and interinstrument reliability of phys-
ical activity assessment although these findings are less con-
sistent among younger children and when the time period
between observations in a test-retest assessment was longer
than a few days. Results of validity studies are variable,
largely due to the use of different validation standards and
study designs. A lack of gender and ethnic comparisons was
evident in the review. The available data suggest low to mod-
erate validity for self-report and monitoring measures of
physical activity.

The choice for use of a particular method of activity assess-
ment among children and adolescents depends largely on the
design of the study and the age of the participants. Greater
effort toward developing a consistent standard of measure
is necessary to make future advancements in improving the
accuracy of physical activity assessment among children and
adolescents. Moreover, information relevant to girls and eth-
nic minority childrenisurgently needed.  ©2000American Health
Foundation and Academic Press
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INTRODUCTION

Physical activity is inversely associated with several
health outcomes in adults. Individuals who are more
active and fit have lower risks of all-cause mortality,
cardiovascular disease, some cancers, diabetes melli-
tus, and depressive symptoms and may have a lower
risk of obesity and osteoporosis as well [1-4]. Given the
growing wealth of evidence of the health benefits of a
physically active life, efforts to increase physical activ-
ity among adults have proliferated [4]. Moreover, ex-
perts advocate promotion of physical activity among
children and adolescents for health enhancement and
to instill lifelong behavioral patterns that will result in
more active and fit adult populations in the future [5].

This rationale rests considerably on two fundamental
assumptions: first, that there are inherent acute physi-
cal and psychological benefits to physical activity
among children and adolescents and, second, that phys-
ical activity behaviors between childhood and adult-
hood are correlated and that physically active children
are more likely to grow up to be physically active adults,
compared with their inactive peers. These active adults
will then be healthier by way of a reduced risk of a
variety of health conditions. Although the evidence for
tracking of physical activity behaviors is tenuous [6],
most efforts for physical activity promotion among chil-
dren and adolescents rely on these rationales as their
foundation.

The national health policy of promotion of physical
activity among children and adolescents, as well as the
need to understand patterns of physical activity, implies
a need for valid and reliable (repeatable) measures of
physical activity. If accurate data cannot be collected,
then trends may not be detected and progress toward
health goals cannot be measured. In addition to such
surveillance needs, research needs also demand a thor-
ough understanding of the reliability and validity of
current assessment instruments.
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ASSESSMENT OF PHYSICAL ACTIVITY AMONG CHILDREN AND ADOLESCENTS

Several techniques have been used to assess physical
activity among children and adolescents. These tech-
niques include self-report, direct observation, mechani-
cal or electronic monitoring, direct or indirect calorime-
try, and the doubly labeled water method; however, the
applications of each of the techniques are quite differ-
ent. Data derived from self-report collection, for exam-
ple, have a relatively low level of precision, whereas
laboratory methods such as calorimetry and doubly la-
beled water offer a greater precision. Costs per observa-
tion and difficulty in implementation of laboratory
methods, however, limit their applicability to large, pop-
ulation-based studies.

Self-report and monitoring devices, on the other
hand, are not as difficult to implement and offer a lower
cost per observation, but lack the precision of the labo-
ratory-based measures. Consequently, these laboratory
techniques have not been used as extensively as the
self-report and monitoring methods, making their ap-
plicability in various population subgroups unclear.

Because of the differences in precision, the choice of
validation standard is a critical aspect of studies of
physical activity assessment. Validation efforts must
rely on a more precise method as the choice of a criterion
against which to measure a test method. For example,
any one of five methods (monitoring, direct observation,
indirect calorimetry, doubly labeled water, or direct cal-
orimetry) may be used to validate self-report methods.
Self-report, due to a relatively lower precision, should
not be used as a standard to validate direct observation
techniques (for example).

Although other reviews of physical activity assess-
ment among children and adolescents are available
[7-9], a comprehensive tabulation and synthesis of all
methods including their validity and reliability charac-
teristics does not exist. The purpose of this paper is to
review and synthesize available literature describing
the validity and reliability of different methods of phy-
sical activity assessment used among children and
adolescents.

All methods of physical activity assessment have
been included, and papers reporting a quantitative com-
parison of validity or reliability analyses were included
for review. Multiple studies presented in a single report
are reviewed and summarized as separate studies. Sim-
ilarly, when more than one research question was ad-
dressed in a single study, each question was reviewed
separately. For the purposes of this paper, a child is
defined as any youth aged 5—-11 years and an adolescent
as any youth aged 12—-18 years. Where appropriate data
exist, we have included information on children
younger than 5 years.

In evaluating this literature, we distinguish between
the different constructs connoted by the terms physical
activity and energy expenditure. Physical activity refers
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to any bodily movement that results in energy expendi-
ture [10] and is often measured in distance, time, or
arbitrary units. Energy expenditure therefore is a re-
sult of physical activity. However, total energy expendi-
ture includes aspects other than physical activity, such
as resting metabolism and the thermic effect of food,
and is usually measured and reported in kilocalories.
Thus, studies of assessment tools designed to measure
one construct (e.g., physical activity) that are validated
by using a tool that assesses another construct (e.g.,
energy expenditure) may be limited in the amount of
agreement or validity that should be expected because
of the imprecise matching of the test method and valida-
tion criterion.

RELIABILITY

Reliability is the consistency with which a test or an
observer measures what is intended to be measured
[11] and the extent to which the measurements are
repeatable [12]. In this paper, the term reliability refers
to the consistency of scores or measurements. We differ-
entiate between test—retest reliability (the reliability of
a score measured two or more times), interinstrument
reliability (between two or more instruments), interob-
server reliability (between two or more independent
observers making a measurement) and intraindividual
variability reliability (consistency of the same measure
across different units of time, thus providing an indica-
tion of behavioral consistency).

A number of factors may influence reliability includ-
ing the characteristics of the test, the testing situation,
the measurement process, the person making the mea-
surement, the mode of statistical estimation, and the
subjects or sample of items being measured (in the case
of surveys, the sample population) [11]. Moreover, an
important consideration when evaluating the reliabil-
ity of measurements of a behavior, such as physical
activity, is an understanding not only of the possible
error involved with repeated measurements of the same
behavior, but also of the error induced by a lack of
stability of the behavior of interest itself, that is, when
the behavior varies over time. For example, in a test—
retest reliability analysis, a key source of error contrib-
uting to a less-than-favorable result could be that the
assessment method itself cannot provide reproducible
results. However, another explanation could be that the
behavior being measured (i.e., physical activity) has
changed from the first assessment time to the second.
Thus, even though the assessment method may be reli-
able, changes in the behavior could mask that reliability
and make interpretation of a test—retest reliability sta-
tistic difficult.

A summary of published literature examining relia-
bility of physical activity assessment methodology used
among children and adolescents is presented in Tables
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1-3. Table entries are in order of age of the study par-
ticipants and contain information about relevant char-
acteristics of the participants under study, the instru-
ment being tested, design of the study (usually either
test—retest or interobserver design, and the time period
between observations), and details of analysis and key
findings. As stated earlier, when more than one re-
search question was addressed (for example, multiple
methods), a separate entry was made in the table, even
if the data were contained in the same publication.
Where available, details of age, gender, and ethnic dis-
tribution of study participants were included.

Direct Observation

Direct observation involves witnessing physical ac-
tivity behavior while recording it on a coding form or
through a handheld computer device [9]. Typically this
method involves study personnel who observe a specific
child, either in real time or on a videotape, for a certain
length of time or series of times. These data are then
recorded and converted to some type of summary score.
Direct observation has been used in both home and
school settings. Direct observation techniques, al-
though not practical for large population studies of
physical activity because of a relatively high cost per
observation, can be useful for smaller methodologic
studies. This technique is especially useful for studies
of young children who have not yet developed the cogni-
tive ability to accurately recall detailed information
[13]. Although direct observation can be reactive (affect
the behavior being measured) and can be difficult to
implement in alarge geographic area, the technique can
successfully be used in studies in which participants are
confined to a defined space (e.g., school playground or
gymnasium, home, or practice field). This can be im-
portant as well if investigators are interested in the
actual context or environment in which the physical
activity occurs.

Ten studies [14-22] examined the reliability of direct
observation of physical activity in children and adoles-
cents (Table 1). As shown in the table, each study ap-
proached the issue of reliability using somewhat differ-
ent designs, making comparison among studies and
synthesis problematic. Six of the 10 studies (60%)
[14,15,17,18,21,22] were designed to assess interob-
server variability. The remaining studies [14,16,19,20]
evaluated test—retest (time-dependent) reliability by
comparing values observed on the same participant
from at least two consecutive time periods. The time
periods under study varied in length from 12 h between
observations [20,21] to 30 days [14]. Studies ranged in
size from 14 [14] to 192 [15] participants, and only 1
study [16] provided information on the ethnic distribu-
tion of children being observed. Children participating
in direct observation studies were generally young;
most study participants were under 10 years of age.
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The studies evaluating interobserver reliability re-
ported exceptionally good agreement, even between dif-
ferent experimental designs. In most cases, the agree-
ment between observers exceeded 90%. Results from
studies evaluating test—retest reliability of direct obser-
vation, however, were much more variable, perhaps due
to differences in the time between observations among
the studies. For example, DuRant et al. [16] evaluated
test—retest reliability over four consecutive days, while
Klesges et al. [14] evaluated observations taken one
month apart. Because a child’s physical activity behav-
ior patterns likely vary from day to day [14], high test—
retest reliability from direct observation techniques
should not be expected.

Monitoring

Mechanical motion sensors, accelerometers, and
heart rate monitors are often used for measuring physi-
cal activity. Motion sensors and accelerometers are
generally worn at the hip and record movement as
“counts” of activity or as estimated caloric expenditure
[9]. Heart rate monitors are worn around the chest and
record the participant’'s heart rate during the period
of observation.

Different types of monitoring devices have different
modes of action. Heart rate monitors, for example, re-
cord heart rates at given intervals, whereas accelerome-
ters measure acceleration in one or more planes. Accel-
erometers measure motion in a uni-, bi-, or triplanar
motion. Early versions (CALTRAC) measure motion
counts above a certain threshold of movement and are
able to, based on a prespecified regression equation,
estimate caloric expenditure. Newer devices (TRITRAC
and CSA) are able to store activity patterns in on-board
memory systems based on acceleration such that an
activity profile can be stored and downloaded for analy-
sis. Heart rate monitors gather and store information
about heart rate responses to exercise and physical ac-
tivity within a prespecified range and can thus be used,
or interpreted as, a proxy measure of acute physical
activity. Pedometers are of varying type but usually
provide some measure of the number of steps taken
during a given period of time. Specific details on these
monitoring devices, including their design and con-
struction and engineering details, are beyond the
scope of this paper and are available in the individual
publications. Risks of equipment failure, loss, tamper-
ing, and costs are issues that must be dealt with when
considering monitoring devices for physical activity
measurement.

The reliability of a variety of mechanical and elec-
tronic monitoring devices has been investigated for
groups of children and adolescents. Devices such as
heart rate monitors and accelerometers have the advan-
tage of being more cost-effective than direct observation
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TABLE 1
Reliability Studies: Direct Observation
Study Sample Instrument Design Analysis Key findings
Klesges et al., 7 girls and 7 boys Fargo Activity Time Interobserver reliability Percentage Percentage of agreement ranged
1984 [14] (mean age, 34.8 sampling Survey (FATS) using two observers each agreement from 91 to 98%
7.7 months; 24 to direct observation system independently assessing
48 months) children for 60 minutes
Kappa coefficient Mean kappa coefficient was 0.90
Klesges et al., 7 girls and 7 boys FATS direct observation Test—retest reliability at Generalizability Generalizability coefficient was
1984 [14] (mean age, 34.8 * 1-month interval analysis 0.59, with four occasions of
7.7 months; 24 to measurement estimated to
48 months) be optimal
Puhl et al., 192 children (3 to 4 Children’s Activity Rating  Interobserver reliability Percentage Percentage of agreement
1990 [15] years) Scale (CARS) between 389 paired agreement between trained observers
observations during a averaged 84.1% (+/— 10.1%)
12-month period
DuRant et al., 123 children (4 to 5 CARS Test—retest reliability Per-hour Correlation coefficient within 1
1993 [16] years; black, over 4 consecutive days measurement day was 0.81, across 2 days
Hispanic, white) of observation reliability was 0.54, across 3 days was
0.69
McKenzie et al., 17 boys 25 girls Behaviors of Eating and Interobserver reliability of Percentage Mean percentage of agreement
1991 [17] (4 to 8 years) Activity for Children’s 19 randomly scheduled agreement was 94%

Health Evaluation
System (BEACHES)

home observations

Kappa coefficient

Median kappa was 0.91, range
was 0.69-1.00

McKenzie et al., 31 3rd, 4th, and 5th System for Observing Interobserver reliability, Percentage Percentage of agreement
1991 [18] grade physical Fitness Instruction 31 classes independently agreement between trained observers
education classes Time (SOFIT) coded by two observers ranged from 88.3 to 91.8%
Rowe et al., 92 boys 81 girls SOFIT Stability reliability over Intraclass Intraclass correlation
1997 [19] (1st to 8th grades, 2 days of heart rate correlation coefficient ranged from 0.82
mean age = 10.6 = monitoring in 5 activities,  coefficient to 0.91.

2.0 years)

curl-ups, and push-ups

Baranowski et

14 girls and 10 boys

Direct observation of

Day 1 versus day 2

Contingency table

“Inconsistent” aerobic activity

al., 1987 [20] (3rd to 6th grade) 2-min intervals during consistency analysis between day 1 and day 2.
two-, 12-h periods Children who were active on
first day were no more likely
than inactive peers to be
active on the second day
Bailey et al., 7 girls (mean age, Direct observation of 3-s Interobserver reliability Percentage Mean percentage of agreement
1995 [21] 8.1 = 1.1 years) 8 intervals over 4-h time using two observers each agreement during 24-min time blocks
boys (mean age, blocks for 12-h periods independently assessing was 91%
8.5 = 1.6 years) recording posture and children for 4-h
intensity of movement observation periods
Kappa coefficient Mean kappa coefficient was 0.90
O'Hara et al., 17, 19, and 21 paired Children’s Physical Interobserver reliability Percentage Percentage of agreement in
1989 [22] observations for 192 Activity Form using two observers of agreement three different

children in three
separate
environments

physical activity
performed during
physical education class

environments was 96.8, 98.0,
and 96.1%

for studies having large numbers of participants al-
though their use could also introduce bias. The monitors
could, for example, remind study participants that they
are being assessed, causing departures from “usual”
behavior.

Nine studies [23-30] evaluated the reliability of vari-
ous monitoring devices among children and adolescents
(Table 2). All but four studies in three references
[27,28,30] were designed to evaluate test—retest relia-
bility (behavioral stability). As with the reliability stud-
ies of direct observation, the time periods investigated
in the studies varied, ranging from day-to-day
[25,27,29] to up to 6 months [23,24] between tests. Par-
ticipants were generally young children; 3—-5 year olds
were the youngest [23] age group evaluated. In the two

studies that simultaneously compared readings among
instruments [30], one instrument was placed on each
hip during a defined period or exercise protocol and
results were compared between the instruments. Three
studies [23-25] evaluated reliability properties of a
heart rate monitor, three studies [29,30] evaluated the
CALTRAC accelerometer, two studies [27,28] examined
the newer CSA accelerometer, and one early study [26]
evaluated an actometer (a self-winding motion sensor
worn on the wrist).

In general, the studies on test—retest reliability have
yielded moderate to high associations among observa-
tions. The study designs and analyses were sufficiently
different to make direct comparisons among studies
difficult. The two largest studies [23,24], which were of



S58

KOHL, FULTON, AND CASPERSEN

TABLE 2

Reliability Studies: Monitoring

Study

Sample

Instrument

Design

Analysis

Key findings

DuRant et al.,
1992 [23]

DuRant et al.,
1993 [24]

Janz et al.,
1992 [25]

Massey et al.,
1971 [26]

Janz, 1994 [27]

Janz et al.,
1995 [28]

Freedson and
Evenson,
1991 [29]

Sallis et al.,
1989 [30]

Sallis et al.,
1989 [30]

82 girls and 77 boys
(3 to 5 years) (black,
Mexican-American,
and white)

66 girls and 60 boys
(5 to 7 years) (black,
Mexican-American,
and white)

11 participants (7-15
years)

12 girls and 21 boys
(6-15 years) (all
mentally retarded,
and 33% black)

15 girls and 16 boys
(7-15 years)

15 girls and 15 boys
(7-15 years)

17 girls and 13 boys
(mean age, 7.0 = 1.2
years)

6 girls and 9 boys
(mean age, 10.8
years)

12 participants

Heart rate monitor

Heart rate monitor

Heart rate monitor

Actometer

CSA accelerometer

CSA accelerometer

CALTRAC

CALTRAC

CALTRAC

Test—retest reliability
measured up to 12
times in 1 day and 3-6
months later

Test—retest reliability
measured up to 12
times in 1 day and 3-6
months later

Test—retest reliability
over 2 consecutive days
of monitoring

Field assessment of
test—retest reliability
correlating the average
of five 45-minute periods
in 1 week with the same
periods in the following
week

Field assessment of
day-to-day stability of
measures over 3 days

Field assessment of
day-to-day stability of
measures over 6 days

Test—retest reliability
over 3 consecutive days.

Laboratory assessment
of interinstrument
reliability, in which one
instrument was placed
on each hip to collect
data during a
standardized treadmill
exercise test

Field assessment of
interinstrument
reliability, in which one
instrument was placed
on each hip to collect
data throughout the
course of a day

Intraclass
correlation
coefficient

Intraclass
correlation
coefficient

Pearson correlation
coefficient

Pearson correlation
coefficient

Pearson correlation
coefficient

ANOVA

ANOVA

Pearson correlation
coefficient

Pearson correlation
coefficient

Pearson correlation
coefficient

Correlation coefficients for
various heart rate response
indices (for within 1 day of
observation) ranged from 0.81
t0 0.85 (n = 61)

Correlation coefficients for
various heart rate response
indices (for multiple
subsequent days of
observation) ranged from 0.65
to 0.66 (n = 110)

Correlation coefficients for
various heart rate response
indices (for within 1 day of
observation) ranged from 0.75
to 0.92 for various heart rate
response indices
(n=73)

Correlation coefficients for
various heart rate response
indices (for multiple
subsequent days of
observation) ranged from 0.56
to 0.81 (n = 116)

Correlation coefficient between
days for total activity was
0.70 and for baseline heart
rate values was 0.84

Correlation coefficient between
two weekly average scores
was 0.80

Correlation coefficients among
days for average CSA
movement counts per minute
were: 0.32 (days 2 and 3), 0.49
(days 1 and 2), and 0.53 (days
1 and 3)

No significant difference across
means of 6 days for four CSA
indices including average
movement count

No significant difference
between mean CALTRAC
activity counts over 3 days
(P > 0.05)

Correlation coefficient between
days ranged from 0.38 to
0.79

Correlation coefficient between
instruments was 0.89

Correlation coefficient between
instruments was 0.96
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heart rate monitors, found substantially higher correla-
tions between multiple observations taken during 1 day
of observation than between single observations taken
during the same day. Moreover, reliability across 2 days
separated by 3 to 6 months showed modest correlations
(both for multiple and single measures). These findings
may reflect that physical activity among children and
adolescents is extremely variable on a day-to-day basis,
and expectations for reliability of an assessment instru-
ment over multiple days may need to be tempered ac-
cordingly. Data from the two largest studies do not sug-
gest that reliability is higher in studies of older children
or adolescents compared with younger children.

Self-Report

Self-reports are the most commonly employed proce-
dures to measure physical activity and can involve re-
call or diary methods and can be either interviewer-
administered or self-administered. Self-report methods
are generally relatively inexpensive, quick to adminis-
ter, unobtrusive, and versatile, and several sources of
physical activity information can be obtained from an
interview, a questionnaire, or a log. Using a self-report
method, study participants are often asked to recall
information on physical activity participation during a
period in the recent past (e.g., 1 day, 7 days, 1 month)
or, alternatively, they may be asked about their usual
or “habitual” activity behavior. Major disadvantages of
self-report methods include the limitations associated
with accuracy of recall and individual interpretations
of questionnaires. Self-report methods also are subject
to the possibility of misuse among populations or sub-
groups in which no evidence of validity or reliability is
available. That a physical activity assessment question-
naire shows certain validity characteristics in a group
of urban-dwelling children does not necessarily indicate
the same characteristics for rural children. Moreover,
most self-report methods are designed to measure lei-
sure-time physical activity in defined periods, creating
an added dilemma during use with children and adoles-
cents because most of a child’s physical activity is usu-
ally not planned and structured as it is for adults. Thus,
existing questionnaires are likely inappropriate for ac-
tivity which is unstructured (i.e., play time), which is
a frequent source of physical activity for children and
adolescents. Moreover gender differences in physical
activities may exist such that questionnaire choices
may nhot be gender-appropriate in all settings.

A summary of reliability studies of self-report meth-
ods conducted with children and adolescents is pre-
sented in Table 3. Seventeen studies [25,29,31-39] are
cited among youth ranging in age from 6 [29] to 19 [36]
years. Seven of the studies (41%) [25,29,31,32] were
conducted with elementary school children. Sample
sizes ranged from 12 [25] to 1679 [35] youths. Most of
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the of studies (94%) [25,29,31-39] assessed test—retest
reliability over a period ranging from 45 min [38] to 8
years [36]. Characteristics of children and adolescents
investigated were inconsistent across the studies. For
example, ethnicity of the participants was reported in
only 1 study [34]. Most reports included both boys and
girls as study participants, but gender-specific results
were reported and compared in only 4 studies [36,39].
Two studies [29,37] evaluated the reliability of physical
activity. Only 1 study [38] evaluated interobserver relia-
bility (0.99), most likely because most self-report instru-
ments do not require direct involvement from trained
study personnel (i.e., are not interviewer-administered,
but rather are based on self-completion). Test—retest
reliability coefficients ranged from 0.20 [36] to 0.99 [38].
Age was positively associated with the reliability of the
instruments; higher coefficients were found for older
children and adolescents.

Diaries are infrequently used among children and
adolescents, probably because they require rigorous ad-
herence to a daily reporting schedule, which is difficult
for youths. Two studies evaluated reliability of this type
of tool. Freedson and Evenson [29] evaluated the relia-
bility of a physical activity record completed by parents
for their child and Bouchard et al. [37] evaluated a 3-
day record used by older adolescents. The latter work,
which involved development and testing of a system to
actually estimate energy expenditure, reported a high
correlation between assessments (r = 0.96), whereas
Freedson and Evenson reported more variable findings,
suggesting that studies using parental proxy informa-
tion may have limited utility.

Among the remainder of the studies, either inter-
viewer-assisted or self-administered questionnaires,
the different designs make comparison of findings and
synthesis of the information difficult. Most studies were
designed to evaluate reliability over a relatively short
period (from a few hours to a few weeks), and these
studies, in general, yielded modest to high correlations
(0.51-0.99). For the 7-day Physical Activity Recall,
Sallis et al. [31] also demonstrated consistently lower
test—retest reliability when 4—6 days passed between
assessments than when shorter (2—-3 days) intervals
occurred, suggesting a time dependency or decay in
reliability. Studies of longer duration [34,36] may be
useful in helping to determine the stability of behaviors,
but conclusions about the measurement quality of a
specific instrument are obscured by time, maturation,
and changes in behavior of study participants.

The performance of these methods as they relate to
the age of the children under study is of key interest.
Although different methods make it difficult to compare
results, data from one study [39] allow an interpretation
of reliability of instruments as it may relate to age of
participants. Among 310 5th, 8th, and 11th graders, a
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TABLE 3
Reliability Studies: Self-Report

Study

Sample

Instrument

Design

Analysis

Key findings

Freedson and

17 girls and 13 boys

Physical activity record

Test—retest reliability of

Evenson, (mean age, 7.0 = kept by parent physical activity record
1991 [29] 1.2 years) over 3 consecutive days
Janz et al., 12 participants (7-15 12-h recall of physical Test—retest reliability,
1992 [25] years) activity conducted 12 h apart
Sallis et al., 35 girls and 34 boys Yesterday Activity Check-  Test-retest reliability
1993 [31] (4th grade) list (relative intensity of conducted 3 days apart
20 commonly performed
activities done for at least
15 continuous minutes in
previous 24 h)
Sallis et al., 35 girls and 34 boys Weekly Activity Sum Test—retest reliability
1993 [31] (4th grade) (relative intensity of 20 conducted 2 weeks apart
commonly performed
activities done for at least
15 continuous minutes in
previous week)
Sallis et al., 35 girls and 34 boys Weekly Activity Checklist ~ Test—retest reliability
1993 [31] (4th grade) (relative intensity of 20 conducted 2 weeks apart
commonly performed
activities done for at least
15 continuous minutes in
previous week)
Sallis et al., 35 girls and 34 boys 7-day tally (recall) Test—retest reliability
1993 [31] (4th grade) conducted 2 weeks
apart
Craig et al., 49 girls (8—11 years) 1-year recall of average Test—retest reliability
1996 [32] number of hours per conducted 2 weeks
week 33 physical apart
activities of a 4-MET
intensity or higher
Godin and 698 students (7th to Self-reported current Test—retest reliability
Shephard 9th grade) physical activity habits conducted 2 weeks
1984 [33] in three intensity levels apart
(strenuous, moderate,
mild)
Aaron et al., 499 girls and 540 boys Past year recall of Test—retest reliability,
1993 [34] (12 to 16 years) (24% leisure-time physical conducted 1 year
black, 3% Hispanic or activity apart
Asian, 73% white)
Brener et al., 1679 students (7th to Youth Risk Behavior Test—retest reliability
1995 [35] 12th grade) Survey (four physical 2 weeks apart

Andersen and
Haraldsdottir,
1993 [36]

Bouchard et al.,

172 girls and 33 boys
(15 to 19 years)

61 participants (mean

activity questions)

1-year recall of hours of
activity in different
sports

3-day record, recording

Test—retest reliability
8 years apart

Test—retest reliability

1983 [37] age, 14.6 years) every 15 minutes on 2 6-10 days apart
weekdays and 1
weekend day
Weston et al., 112 randomly selected  Previous day physical Interobserver reliability
1997 [38] students (8th to 11th activity recall (PDPAR) of scoring procedure
grade; median age, to assess energy expend- for overall energy
15 years) iture from the end of the expenditure scoring and
school day to bedtime subcategories of play/
recreation and exercise/
workout
Weston et al., 90 students (8th to PDPAR designed to assess  Test—retest reliability
1997 [38] 11th grade; median energy expenditure from approximately 45

age, about 14 years)

the end of the school day
to bedtime

minutes apart

Pearson correlation
coefficient

Pearson correlation
coefficient

Intraclass correlation
coefficient

Intraclass correlation
coefficient

Intraclass correlation
coefficient

Intraclass correlation
coefficient

Pearson correlation
coefficient

Reliability coefficient
(type not specified)

Spearman rank order
correlation

Kappa coefficient

Prevalence estimates
at time 1 and
time 2

Pearson correlation

coefficient

Intraclass correlation
coefficient

Pearson correlation
coefficient

Pearson correlation
coefficient

Correlation coefficients between
minutes of activity ranged
from 0.36 to 0.72

Correlation coefficient between
assessments was 0.56

Correlation coefficient between
assessments was 0.60

Correlation coefficient between
assessments was 0.51

Correlation coefficient between
assessments was 0.74

Correlation coefficient between
assessments was 0.68

Correlation coefficient between
assessments was 0.70

Correlation coefficient between
assessments was 0.84

Correlation coefficient between
assessments was 0.55

Kappa coefficients ranged from
64 to 91%

No significant difference
between prevalence
estimates measured at time 1
and time 2

Correlation coefficient between
physical activity measured
in 1983 and 1991 was 0.20 for
girls and 0.31 for boys

Correlation coefficient between
summary assessments of
energy expenditure was 0.96

Correlation coefficient between
assessments was 0.99

Correlation coefficient between
assessments was 0.98
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Study Sample Instrument Design Analysis Key findings
Sallis et al., 70 student volunteers Godin—-Shephard activity Test—retest reliability Pearson correlation Correlation coefficient between
1993 [39] (5th, 8th, and 11th survey 2 weeks apart coefficient tests was 0.81, increasing
grade) correlation with increasing
age. Higher reliability
coefficients generally
observed in boys versus girls
Sallis et al., 70 student volunteers 5-choice self-rated activity = Test—retest reliability Pearson correlation Correlation coefficient between
1993 [39] (5th, 8th, and 11th scale 2 weeks apart coefficient tests was 0.89. No apparent
grade) age association. Higher
reliability coefficients
generally observed in boys
versus girls
Sallis et al., 70 student volunteers 7-day Physical Activity Test—retest reliability Pearson correlation Correlation coefficient between
1993 [39] (5th, 8th, and 11th Recall 2 weeks apart coefficient tests was 0.77 for overall

grade)

kcal/day reliability.
Increasing correlation with
increasing age. Age by
intensity interaction of
reliability coefficients was
evident. Higher reliability
coefficients generally
observed in boys versus girls

direct age association was found for two of three self-
report instruments. When compared with younger stu-
dents, higher correlations were found among the older
children for assessments taken by the Godin—Shephard
survey and a modified 7-day Physical Activity Recall.
No apparent age association was observed for self-as-
sessment with a five-point activity scale.

Summary of Reliability Studies

In general, these findings support moderate to high
reliability of assessment of physical activity by direct
observation and monitoring. Interobserver reliability
(for direct observation techniques) and interinstrument
reliability (for monitoring devices) appear to be high.
For self-report techniques, test—retest reliability ap-
pears to be lower for younger children than for older
children and adolescents. These observations are rein-
forced by the series of cross-sectional studies by Sallis
et al. [39], in which reliability was higher for older
participants for two of three instruments tested. Test—
retest reliability was generally lower in the studies in
which the period of time between the assessments was
longer. This finding is not unexpected considering a
lack of long-term consistency in many behaviors among
children and adolescents.

VALIDITY

Validity is the degree to which an instrument mea-
sures what it is intended to measure [12]. Validation
studies of physical activity assessment methods are
usually designed to be either indirect or concurrent
studies. Indirect (or construct) validation studies are

designed to evaluate the extent to which the measure-
ment in question corresponds to constructs or parame-
ters that are theoretically related to it [40]. In physical
activity assessment, indirect validation studies are de-
signed to assess the extent to which physical activity
is related to a parameter or construct to which it may
be related, for example change in a measure of cardiore-
spiratory fitness as measured by a treadmill exercise
test. Although there is a substantial genetic contribu-
tion to cardiorespiratory fitness, exercise training stud-
ies show that increases in physical activity above a
sufficient intensity result in improvements in cardio-
respiratory fitness for most people. Thus, this improve-
ment in fitness can be used as an indirect validation
criterion for increased physical activity behavior as re-
ported (for example) on a questionnaire.

Indirect validation has frequently been used in stud-
ies of physical activity assessment because of a lack
of a universally available validation standard against
which physical activity assessment methods can be
compared [41]. Frequently used indirect validation cri-
teria include maximal and submaximal aerobic power,
any of several measures of body composition, and other
various physical performance measures.

Concurrent validation studies, on the other hand, are
designed to measure both the “test” and a presumably
more accurate measure of the same parameter as the
validation criterion at the same or similar point in time
[40]. For example, a self-reported measure of physical
activity can be concurrently validated against energy
expenditure as measured by the doubly labeled water
technique. Indirect and concurrent validity studies pro-
vide different information, in that, with concurrent vali-
dation designs the validation criterion is another more
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precise measure of the same parameter being assessed.
Indirect validation techniques, on the other hand, use
a by-product or correlate of the physiologic property or
phenomenon under study as a validation criterion.

Relevant published studies designed to evaluate the
validity of physical activity assessment methods for use
with children and adolescents are listed in Tables 4—7.
Table entries are listed roughly by age of the study
participants and contain relevant information as to the
instrument being validated, the standard that was used
to validate the instrument, the design of the study (usu-
ally a concurrent validation study or an indirect valida-
tion study), type of analysis, and key findings. When
more than one question was addressed (for example,
multiple methods used in the same study group), a
separate entry is provided in each table, even if the
data were contained in the same publication. Where
available, age, gender, and ethnic distribution of study
participants were included.

Physiologic Measures (Doubly Labeled Water)

The most valid and reliable criterion for measure-
ment of energy expenditure is the doubly labeled water
technique [42]. The technique does not require constant
supervision or institutionalization of study participants
and allows the individuals to maintain a usual lifestyle.
The technique is accurate for estimating energy expen-
diture, but is not applicable to assessment in large,
population-based studies because of cost and inherent
participant burden, including logistics related to multi-
ple urine collections and laboratory visits. Protocols can
range from 12 to 21 days in duration. Further, a key
limitation of the technique is that it only provides infor-
mation on total energy expenditure and does not allow
assessment of the types and patterns of physical activ-
ity. Because physical activity is a subset of energy ex-
penditure, the doubly labeled water technique may not
be optimal for measurement of the physical activity
portion of total energy expenditure.

Goran et al. [43] conducted an indirect validation
study of the doubly labeled water technique (Table 4).
The authors studied 30 children 4 to 6 years of age and
quantified associations between total energy expendi-
ture, as measured using a 14-day doubly labeled water
protocol, and indirect constructs of body composition,
resting energy expenditure, and resting heart rate.
Modest to high correlations (0.65-0.86) were reported
for all body composition measures as they were related
to total energy expenditure, whereas no association was
found for resting heart rate. The authors did, however,
report a significant positive association between energy
expenditure and resting heart rate, after controlling for
fat-free mass. Although it is somewhat counterintuitive
to use an indirect validation technique to validate a
measure such as doubly labeled water, these data do
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provide important information as to the associations of
these various physiologic parameters with the doubly
labeled water method. The authors suggested that mea-
sures of body composition and resting heart rate could
be combined to provide a valid alternative to estimate
energy expenditure in larger populations.

Direct Observation

Nine studies [14,15,17-19,21,22,44,45], mostly
among younger children (age range 2-10 years), vali-
dated measures of direct observation techniques (Table
5). Six [14,17-19,22,44] were concurrent validation
studies, while the remaining three were indirect. The
latter used oxygen consumption, dietary intake, or body
composition as standards. Largely because of the diffi-
culty and logistics of observing a large number of chil-
dren for an extended period of time, study sizes are
generally small; only five studies [15,19,22,44,45] eval-
uated more than 20 participants.

Five studies [14,17-19,22] used a monitoring device
as a validation standard (large scale integrated (LSI)
or heart rate monitor) and reported a modest to high
correlation (0.64 and 0.90) between the standard and
the summary of the observation period. Published stud-
ies of the validity of direct observation techniques are
difficult to synthesize because of the differing designs
and populations. Of the nine studies, only four [17,18,
19,22] used the same validation standard. When the
nine studies are evaluated individually, each suggests
some degree of validity in the method. In particular,
the study by Bailey et al. [21] used indirect calorimetry
to validate observations of 30 activities done in a labora-
tory setting and reported a very high correlation (0.95)
between the activities and oxygen consumption. The
activities investigated in this study were selected to
closely replicate naturally occurring activities while
allowing the investigators to measure metabolic rates.
Examples of activities evaluated include sitting, stand-
ing, walking, climbing, biking, and running.

Monitoring

Results of studies designed to validate various me-
chanical and electronic monitors are summarized in
Table 6. Eighteen studies [25,27,29,30,46-55,74] pro-
vided information for three general types of monitors:
accelerometers (CALTRAC [29,30,46-52], TRITRAC
[50], CSA [27]), heart rate monitors [25,52,53,74], and
others (LSI activity monitor [49,54] and pedometers
[55]). Table 6 is organized by the type of monitor used in
the validation study, and individual studies are entered
into each of the three sections roughly by increasing
age of participants studied.

Ten (59%) of these validation studies were focussed on
accelerometers [27,29,30,46-52]. Of these 10, 4 [46-49]
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TABLE 4
Validity Studies: Physiologic Measures
Physiologic Validation
Study Sample measure standard Design Analysis Key findings

Goran et al.,, 14 girls and 16 Total energy Body composition, Indirect validation of Pearson correlation Correlation coefficients for total
1993 [43] boys expenditure resting heart rate, total energy coefficient energy expenditure were: 0.86
(4 to 6 years)  from doubly resting energy expenditure by for fat-free mass, 0.83 for body

(Caucasian) labeled expenditure biological variables weight, 0.82 for body surface

water method

area, 0.80 for resting energy
expenditure, 0.74 for height
and 0.65 for fat mass

Fat-free mass (74%), resting heart
rate (7%), resting energy
expenditure (5%) significantly
predicted total energy
expenditure (R? = 0.86)

Multiple regression

used direct observation (including videotaping) of phys-
ical activity as the validation standard, 1 [51] quantified
energy expenditure using whole-body calorimetry, 1
[29] relied on a parental diary, 1 [52] used indirect
validation methods (laboratory-assessed oxygen up-
take), and the remaining 3 [27,30,50] used some form
of heart rate monitoring. All of these studies were con-
current validation studies in which estimates or indices
of physical activity from the monitoring device were
correlated with those from the validation standard.

Low to moderate correlations were generally reported
for all studies of accelerometers. No association be-
tween age of study participants and level of validity
was apparent. The two studies in which the highest
correlation coefficients (r = 0.81 to 0.87) for an acceler-
ometer were reported [48,51] evaluated study partici-
pants in controlled settings (playroom and a calorime-
ter). The potential reactivity (i.e., influence of the effect
of being measured) of these settings may have limited
the opportunities for spontaneous activity or activities
usually performed at high or very high intensities.
Therefore, the range of types and intensity of physical
activities in these studies may have been narrower than
among studies where participants were unrestricted by
the environment.

The studies [25,52,53,74] that used heart rate moni-
tors each used different types of validation standards
and statistical analyses. Three [52,53,74] of the four
were concurrent validation studies, and the other was
indirect using peak oxygen uptake test as the standard.
Livingstone et al. [53] compared energy expenditure
estimated from continual heart rate monitoring with
that measured by the doubly labeled water technique
and found a reasonably high agreement between the
two methods. However van den Berg-Emons [74], in a
study of heart rate monitors among children with spas-
tic cerebral palsy found nearly a 37% variance (—16.9 to
20.0%) between energy expenditure estimated by heart
rate monitoring and doubly labeled water estimates.

Thus, most of the data on validity of mechanical and
electronic monitoring devices have come from concur-
rent studies. Those studies reporting the highest valid-
ity have been conducted in settings that could be re-
strictive or reactive, thus potentially limiting the
interpretability of the data to free-living populations.
Most studies have been conducted using the CALTRAC
accelerometer, although the CSA and the TRITRAC
devices are more technologically advanced.

Self Report Methods

Self-report methods have been the most frequently
validated method of physical activity assessment
among children and adolescents. In Table 7, 37 valida-
tion studies [13,25,27,30,32-34,37-39,48,56-67] are
cited, each of which examined self-reported assessment
of physical activity among children and adolescents
ranging in age from 3 [56] to 18 [38] years. Only 5
studies [34,38,56,58,65] reported ethnicity of the par-
ticipants. Instruments were self- or interviewer-admin-
istered recall of physical activity ranging from 1 day
[30,61-63] to 1 year [34]. Proxy reports of the child’s
activity taken from parents or teachers were generally
used to validate physical activity measures for younger
children [56,58,59]. For the purposes of this report,
proxy reports of physical activity are considered with
self-reports although the two are clearly not inter-
changeable.

Concurrent validation criteria used for energy expen-
diture were the doubly labeled water [32], direct obser-
vation [48,61,65,67], or monitoring [25,27,30,38,39,
62-64]. Indirect validation criteria included perfor-
mance tests, measurement of oxygen uptake, indices
of obesity, and parental physical activity scores. For
studies among children aged less than 10 years, analy-
ses revealed insignificant validation coefficients, indi-
cating that most self-report instruments do not mea-
sure what they are intended to measure among young
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TABLE 5
Validity Studies: Direct Observation
Study Sample Instrument Validation standard Design Analysis Key findings
Klesges et al., 7 girls and 7 FATS direct LSI activity monitor ~ Concurrent validation ~ Pearson correlation Correlation coefficient between
1984 [14] boys (mean observation study correlating a coefficient index and LSI readings
age, 34.8 = system composite index of was 0.90
7.7 months, observed physical
24 to 48 activity with LSI
months) readings
Puhl et al., 12 boys and 13 CARS Oxygen uptake in Indirect validation ana- ANOVA Increasing trend of higher oxy-
1990 [15] girls (mean specific scale lyzing oxygen uptake gen uptake values and heart
age, 5.6 years) activities as well and heart rate values rates with increasing category
as maximal effort for activities per- of activity
formed in specified
CARS categories
McKenzie et 19 children BEACHES Heart rate monitor Concurrent validation Mean * standard Mean heart rates increased with
al., 1991 (4 to 9 years) comparing simulta- deviation increasing intensity of activ-
[17] neous measurement of ity categories, ranging from
heart rate monitoring 99 beats per minute lying down
and participation in to 153 beats per minute being
five activity categories very active
of SOFIT
McKenzie 19 children SOFIT Heart rate monitor Concurrent validation Mean * standard Mean heart rates increased with
etal., 1991 (4 to 9 years); comparing simulta- deviation increasing intensity of activ-
[18] same study neous measurement of ity categories, ranging from
population as heart rate monitoring 99 beats per minute lying down
McKenzie et and participation in to 153 beats per minute being
al., 1991 [17] five activity categories very active
of SOFIT
Rowe et al., 92 boys 81 girls SOFIT Heart rate monitor Concurrent validation Mean =* standard Mean heart rates increased with
1997 [19] (1st to 8th comparing simulta- deviation increasing intensity of activ-
grades, mean neous measurement of ity categories, ranging from
age = 10.6 = heart rate monitoring 87 beats per minute lying down
2.0 years) and participation in to 182 beats per minute while

Bailey et al., 2 boys (8 and 10

1995 [21] years) 2 girls
(7 and 8 years)
8 boys (mean
age, 85 = 1.6
years) 7 girls
(mean age,
81+1.1
years)
O'Hara et al.,, 18 girls and 18
1989 [22] boys (8 to 10
years)
Hovell et al., 141 girls and
1978 [44] 133 boys
(3rd to 6th
grade)
Corbin and 50 children
Pletcher, (mean age,
1968 [45] 9.9 years)

Direct observa-
tion of 3-s
intervals over
4-h time
blocks for
12-h periods
recording pos-
ture and inten-
sity of
movement

Children’s Phy-
sical Activity
Form

5-s interval
time-sampling
recording
system

Single-frame
motion picture
record of physi-
cal education
class

Indirect calorimetry

Heart rate monitor

Observation of 13
female and 31 male
adults participating
in aerobic activities

7-day recall of chil-
dren’s diet com-
pleted by parent;
triceps skinfold
measurement

five activity categories
of SOFIT, curl-ups,
and push-ups

Indirect validation
involving replication
of 30 activities in the
laboratory while
measuring VO, and
heart rate

Concurrent validation
comparing simulta-
neous measurement of
heart rate monitoring
and direct observation
during physical educa-
tion class

Concurrent validation
comparing observa-
tion of children’s phys-
ical activity with that
of adults

Indirect validation
correlating indices of
physical activity with
skinfold measurement
and energy intake

Pearson correlation
coefficient

Pearson correlation
coefficient

Comparison of mean
upper body and
lower body activity
scores between
children and
adults

Pearson correlation
coefficient

jogging. Mean heart rate
during curl-ups was 120 *+
13.7 and during push-ups
was 133 *+ 13.5 beats per
minute

Correlation coefficient between
energy expenditure, mea-
sured by VO, and heart rate,
of 30 activities was 0.95

The percentage of time spent by
children in intense activities
was 77% for low, 20% for mod-
erate, and 3% for high

Average correlation coefficient
between heart rate and
observed activity points was
0.64, with individual case corre-
lation coefficients ranging
from 0.26 to 0.90

Upper-body scores not signifi-
cantly different between girls
and boys; while lower-body
scores were significantly
higher among boys. Adults
had significantly higher
activity scores than children

Correlation coefficients for total
activity index was 0.52 for
skinfold measurement and
0.49 for energy intake
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TABLE 6
Validity Studies: Monitoring
Study Sample Instrument Validation standard Design Analysis Key findings
Klesges and 13 girlsand 15 CALTRAC Indices of physical Concurrent validation ~ Spearman correla-  Correlation coefficient between
Klesges, boys (mean activity derived comparing simulta- tion coefficient index and CALTRAC counts
1987 [46] age, 8.8 years) from direct neous CALTRAC was 0.54; with higher correla-
observation counts and indices of tions observed for girls, chil-
physical activity dren older than 32.5 months,
derived from direct and overweight children
observation during 1
day
Mukeshi et al., 9 girls and 11 CALTRAC Kilocalories of Concurrent validation Correlation Correlation coefficients between
1990 [47] boys (mean expenditure comparing simulta- coefficient observed expenditure and
age, 2.9 years) estimated from neous CALTRAC mea- CALTRAC were 0.62 for com-
(inner-city coding of activities surements of energy bined indoor/outdoor data,
residents) derived from video- expenditure and 0.56 for indoor data only, and
taping both indoor energy expenditure 0.48 for outdoor data only.
and outdoor derived from video- After regression adjustment
activities tapes taken separately for age, height, and weight,
for indoor and outdoor coefficients were 0.25 for com-
time periods for a total bined indoor/outdoor data;
of 35 1-h observation 0.47 for indoor data only, and
periods 0.16 for outdoor data only
Noland et al., 29 boys and 22 CALTRAC Videotaped time in Concurrent validation  Correlation Correlation coefficient between
1990 [48] girls (mean controlled setting; coefficient average activity score and
age, 3.9 years) activity rated using CALTRAC reading was 0.86.
CARS observation No differences noted
system between genders
Klesges et al., 12 girls and 18 CALTRAC FATS direct observa-  Concurrent validation Pearson and Spear- Pearson correlation coefficient
1985 [49] boys (mean tion system man rank correla- between observation and
age, 47.7 * tion coefficients CALTRAC was 0.39. Spear-
12.5 months) man rank correlation coeffi-
cient between composite
behavior (rated by intensity)
with CALTRAC was 0.20
Freedson and 17 girls and 13 CALTRAC Physical activity Concurrent validation Pearson correlation Correlation coefficient between
Evenson, boys (mean record of child’s coefficient CALTRAC and physical
1991 [29] age, 7.0 + 1.2 activity kept by activity record was 0.35
years) parent
Welk and 26 boys (mean TRITRAC R3D  Activity heart rates Concurrent validation Pearson correlation  Correlation coefficients between
Corbin, age, 9.9 years) determined from comparing simulta- coefficient various activity indices and
1995 [50] heart rate neous TRITRAC and heart rate ranged from 0.44 to
monitoring heart rate monitor- 0.60, and between TRI-
ing data measured TRAC total vector magnitude
over average of 11 h and activity-related heart
per day for 3-day rate response was 0.58
period
Sallis et al., 15 girlsand 20 CALTRAC Mean activity heart Concurrent validation ~ Pearson correlation Correlation coefficient for all
1989 [30] boys (mean rate measured by comparing simulta- coefficient data across both days of
age, 10.8 years) heart rate neous heart rate and monitoring was 0.49, with
monitoring CALTRAC counts higher coefficients observed
measured over aver- for boys, children older than
age of 10.5 h for 2 11 years, and children with
days BMI < 18.3
Bray et al., 40 girls (mean  CALTRAC Energy expenditure Concurrent validation ~ Pearson correlation Correlation coefficients for
1994 [51] age, 13.0 = measured by whole- coefficient energy expenditure from
1.8 years) body calorimeter CALTRAC were 0.81 with

Bland—Altman

technique

total energy expenditure,
0.82 with sedentary energy
expenditure, and 0.87 with
waking energy expenditure

Systematic bias noted between
CALTRAC and energy
expenditure measured in cal-
orimeter with CALTRAC
consistently underestimating
true value
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TABLE 6—Continued

Study Sample Instrument Validation standard Design Analysis Key findings
Ballor et al., 20 high school, CALTRAC Energy expenditure Concurrent validation ~ ANOVA Estimates of energy expendi-
1989 [52] basketball determined from ture were heart rate (197 +
class students; oxygen uptake 72) > CALTRAC (163 * 49) >
10 girls and measured during 30- video analysis (123 = 30).
10 boys (mean min simulated bas- CALTRAC not significantly
age, 15.2 = ketball practice ses- different from actual
0.4 years) sion in laboratory energy expenditure
Pearson correlation Correlation coefficients between
coefficient CALTRAC and heart rate
was 0.92, between CALTRAC
and video analysis was 0.95,
and between video and heart
rate was 0.89
Janz, 1994 15 girls and CSA Heart rate monitoring Concurrent validation Pearson correlation Average correlation coefficient
[27] 16 boys accelerometer (various indices) coefficient between average heart rate and
(7 to 15 across 3 consecutive CSA average movements
years) days (across 3 days) was 0.57,

Van den Berg- 4 girls and 5
Emons, et boys with
al. [74]

palsy (8 to 13
years)

Livingstone et 17 girls and
al., 1992 [53] 19 boys
(7to 15
years)

Janz et al.,
1992 [25]

40 girls (mean
age, 10.8 =
2.8 years)

36 boys (mean
age, 11.0 +
2.9 years)

Ballor et al.,
1989 [52]

20 high school
students in
basketball
class; 10 girls
and 10 boys
(mean age,
15.2 + 0.4
years)

spastic cerebral

Heart rate
monitor

Total energy expendi-
ture, determined by
doubly labeled
water method

Heart rate Total energy expendi-
monitor ture, determined by
doubly labeled
water method
Heart rate Physical fitness mea-
monitor sured by maximal
exercise test on
cycle ergometer
Heart rate Energy expenditure
monitor determined from

oxygen uptake
measured during
30-min simulated
basketball practice
session videotaped
in laboratory

Concurrent validation ~ Spearman correla-

tion coefficient
Bland—-Altman

technique

Bland—Altman
technique

Concurrent validation

Percentage
difference

Indirect validation study Pearson correlation

correlating heart rate coefficient
monitoring over 12-h
period with physical
fitness
Concurrent validation ~ ANOVA

study

Pearson correlation
coefficient

with higher correlation coeffi-
cient (0.64) between average
heart rate and average time
spent above threshold

Correlation coefficient between
averaged heart rate and
total energy expenditure was
0.88

Individual estimates of energy
expenditure by heart rate
method ranged from 16.9%
lower to 20.0% higher than
doubly labeled water
estimates.

95% confidence interval for bias
was —0.56—+0.01 MJ/day;
limits of agreement (mean dif-
ference in total energy
expenditure = 2 SD) were
—1.99 to +1.44 MJ/day

Mean percentage of difference
between doubly labeled
water and total energy expen-
diture (MJ/day) ranged from
—9.2 to +3.5%

For girls, the correlation coeffi-
cient between average net
heart rate: with VO, peak was
0.36, with 60% heart rate
reserve was —0.02, with % fat
was —0.31, and with 60% heart
rate reserve was —0.09

For boys, the correlation coeffi-
cient of average net heart
rate with VO, peak was 0.06,
with 60% heart rate reserve
was —0.10, with % fat was
—0.09, and with 60% heart rate
reserve was —0.18

Estimates of energy expendi-
ture were heart rate (197 =
72) > CALTRAC (163 * 49) >
video analysis (123 * 30),

P < 0.05. CALTRAC not sig-
nificantly different from
actual energy expenditure
(P < 0.05)

Correlation coefficient between
CALTRAC and heart rate
was 0.92, between CALTRAC
and video analysis was 0.95,
and between video and heart
rate was 0.89
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TABLE 6—Continued

Study Sample Instrument Validation standard Design Analysis Key findings
Klesges et al., 12 girls and 18  LSI activity FATS direct Concurrent validation Pearson and Spear- Pearson correlation coefficient
1985 [49] boys (mean monitor observation study man rank correla- between observation and
age, 47.7 = tion coefficients LSI was 0.38. Spearman rank
12.5 months) correlation coefficient
between composite behavior
(rated by intensity) with CAL-
TRAC was 0.36
LaPorte et al., 22 boys (12 to LSI activity Energy expenditure Concurrent validation  Correlation Correlation coefficient between
1982 [54] 14 years) monitor estimated by Min- study comparing coefficient LSI counts and energy
nesota Leisure activity counts from expenditure was 0.02
Time Physical LSl over a 2-day
Activity period with estimated
Questionnaire energy expenditure
from personal
interview using
questionnaire.
LaPorte et al., 22 boys (12 to LSI activity Physical fitness Indirect validation com- Correlation Correlation coefficients for LSI
1982 [54] 14 years) monitor measured by paring activity coefficient readings were 0.29 with
maximal exercise counts over a 2-day duration of test, and —0.20
test period with two mea- with maximal oxygen
sures of physical fit- uptake values
ness: maximal
oxygen uptake and
duration of symptom-
limited test
Saris and 11 girls and boys Pedometer Index of energy Concurrent validation  Correlation Correlation coefficient between
Binkhorst, (4 to 6 years) expenditure correlating estimated coefficient index and pedometer read-
1977 [55] based on energy expenditure for ing was 0.93
observation the most and least

active children in a
day-care facility
(observed for 3 h each
morning for 1 week)
with pedometer
readings

children. These findings have led to recommendations
that self-reported data not be collected from children
less than 10 years of age [8,68]. Among children and
adolescents 10 years of age or older, when monitoring
devices were used as the validation standard, validation
coefficients for the self-reported data ranged from 0.03
[27] to 0.88 [38]; most were in the 0.30-0.50 range. In
three studies that used direct observation as a valida-
tion criterion [61,65,67], various measures of agree-
ment ranged from 46 to 86%, and two other studies [48]
showed no association.

Only one study [32] validated self-reported physical
activity against energy expenditure estimated from the
doubly labeled water method. The correlation was 0.47
between estimates based on self-report of a 1-year recall
of physical activities and estimates from the doubly
labeled water method. Despite the questionable design
of this study (i.e., a current measure of physical activity
being used to validate a recall instrument designed to
collect data up to a year in the past), this finding is
quite remarkable in that any correlation was found.

The most complete series of studies of the validity of
self-report instruments was published by Sallis et al.

[63] comparing the validity of four different instru-
ments among 66 fourth grade students in a classroom
setting. This study was designed to allow comparison
of validity among the different formats. The four instru-
ments included two checklists (a 1- and 7-day recall),
a weekly activity summary (7-day recall), and a 7-day
tally of the number of days a child remembered being
physically active. The first three instruments required
the children to report activities they remembered doing
for more than 15 minutes; each instrument was admin-
istered twice. Results were compared against measure-
ments taken with a CALTRAC monitor over a 3-day
period.

None of the four instruments was highly correlated
with the CALTRAC activity counts. The highest correla-
tion (r = 0.40) was observed between the weekly activity
summary (a 7-day recall) and the CALTRAC. Correla-
tions were consistently lower for the second administra-
tion of each instrument, although the correlations were
statistically significant for the checklists at both admin-
istrations. The findings were apparently not associated
with the length of recall because the correlation coeffi-
cients for the 1-day checklist were nearly identical to
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TABLE 7
Validity Studies: Self-report
Study Sample Instrument Validation standard Design Analysis Key findings
Bush et al., 524 4th to 5th 3-day physical Mother’s 3-day Concurrent validation ~ Kappa coefficient Significant agreement (P <
1991 [56] grade and 3- activity recall physical activity re- within families, com- 0.0001) found between re-
to 4 year-old completed by call score paring mother’s and ports from mother and reports
black children mothers for child’s physical from child
3- to 4-year- activity
old child
Noland et al., 21 girls and Parent rating Videotape of activity =~ Concurrent validation  Correlation No correlation found between
1990 [48] boys in pre- of activity in controlled setting coefficients observed activity during 20-
school (mean and home observa- minute observation period
age, 4.25 tion (n = 8) using with at-home reported
years) CARS observation activity
rating scheme
Noland et al., 21 girls and Teacher rating  Videotaped time in Concurrent validation  Correlation No correlation found between
1990 [48] boys enrolled of activity controlled setting coefficients observed activity during 20-
in preschool and home observation minute observation period
program (n = 8) using CARS with at-home reported
(mean age, observation rating activity
4.25 years) scheme
Bush et al., 524 4th to 5th 3-day recall Mother’s 3-day Concurrent validation, Kappa coefficient Significant agreement (P <
1991 [56] grade and 3- completed by physical activity within families, com- 0.0001) found between
to 4-year-old older child recall score paring mother’s and mother’s and child’s physical
children child’s physical activity
activity
Huttunen 31 obese and Parental reports Comparison of Indirect validation of N/A Obese children participated less
etal., 31 normal- of child’s phys-  physical activity differences in frequently in training teams
1986 [57] weight chil- ical activity by obesity status reported physical ac- and had lower grades for
dren (5.7 to tivity in obese and nor- sports at school than normal-
16.1 years) mal-weight children weight children. No differ-
ences noted in frequency of ac-
tivity or time spent in active
pursuits between obese and
normal-weight children
Murphy et al., 89 girls and Parental report Oxygen uptake mea- Indirect validation ANOVA Parental reports of greater ac-
1988 [58] 124 boys of global as- sured by cycle study tivity were associated with
(6 to 18 years) sessment of ergometry higher cardiorespiratory fit-
(black and child’s overall ness of children
white) activity
Finegan et al., 125 mothers of  Play Activity Mother’s reports of Concurrent validation  Pearson correlation Conner’s scale correlated 0.01 to
1991 [59] 7-year-old Questionnaire their child’s activity coefficients 0.42 with factors of Play Ac-
children (parent-report level tivity Questionnaire. Similar
measure of findings for Werry—Weiss—
children’s play Peters scale
preferences)
Murphy et al., 92 girls and Pictorial posters Oxygen uptake mea- Indirect validation ANOVA Children who self-classified into
1990 [60] boys who vol- depicting var- sured by cycle the sedentary category had
unteered in a ious intensities  ergometry significantly lower oxygen
blood pressure  of activity consumption than that mea-
study (10 to sured among children who
17 years) self-classified into moderate or
vigorous categories
Simons-Morton 44 students Recall of moder- Direct observation Concurrent validation Percentage Percentage of agreement was
et al., 1990 (3rd grade) ate to vigorous of physical activity agreement 86.3% between observed
[61] physical activ- during physical educa- moderate to vigorous physical

Simons-Morton
etal., 1994
[62]

Simons-Morton
etal., 1994
[62]

27 3rd graders,

21 5th graders

27 3rd graders,

21 5th graders

ity recall

Physical Activity
Interview
(PAI)

PAI

Heart rate monitoring

CALTRAC

tion class

Pearson correlation
coefficient

Concurrent validation
of previous day recall
of physical activity us-
ing physical activity
record as memory aid

Pearson correlation
coefficient

Concurrent validation
of previous day recall
of physical activity us-
ing physical activity
record as memory aid

activity episodes >10 min-
utes and those reported by
the children

Correlation coefficient between
minutes =180% resting
heart rate and PAl-reported
moderate- to vigorous-in-
tensity minutes was 0.57 in
3rd graders and 0.72 in
5th graders

Correlation coefficient between
CALTRAC counts and PAI-
reported moderate- to vigor-
ous-intensity minutes was
0.47 in 3rd graders and 0.63
in 5th graders
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Study Sample Instrument Validation standard Design Analysis Key findings
Sallis et al., 35 girls and Yesterday Activ- CALTRAC Concurrent validation  Pearson correlation  Correlation coefficient between
1993 [63] 34 boys ity Checklist of after-school physical coefficient CALTRAC and energy ex-
(4th grade) (estimate rela- activity (single day) penditure estimated from the
tive intensity single day checklist was 0.33
of 20 common
activities done
for at least 15
continuous
minutes)
Sallis et al., 35 girls and Weekly Activity CALTRAC Concurrent validation Pearson correlation Correlation coefficient between
1993 [63] 34 boys Sum (relative of after-school coefficient CALTRAC and energy ex-
(4th grade) intensity of 20 physical activity penditure estimated over the
common ac- (average of 3 days week was 0.40
tivities done for monitoring)
at least 15 con-
tinuous
minutes)
Sallis et al., 35 girls and Weekly Activity CALTRAC Concurrent validation  Pearson correlation  Correlation coefficient between
1993 [63] 34 boys Checklist (rel- of after-school coefficient CALTRAC and energy ex-
(4th grade) ative intensity physical activity penditure estimated from
of 20 com- (average of 3 days weekly recall was 0.34
monly per- monitoring)
formed activi-
ties done for at
least 15 continu-
ous minutes)
Sallis et al., 528 children Yesterday Activ- CALTRAC Concurrent validation Correlation Correlation coefficient between
1993 [63] (50% girls) ity Checklist coefficient CALTRAC and weekday
(4th grade) (relative inten- physical activity index score
sity of 20 com- was 0.098
mon activities Correlation coefficient between
done for at CALTRAC and weekend
least 15 contin- physical activity index score
uous minutes) was 0.093
Sallis et al., 528 children Parental report CALTRAC Concurrent validation  Correlation Correlation coefficient between
1993 [63] (50% girls) of number of coefficient CALTRAC and physical ac-
(4th grade) days in previ- tivity index estimated from
ous 7 that child parental report was 0.074
had done activi-
ties for at least
15 continuous
minutes
Sallis et al., 528 children Child’s report of CALTRAC Concurrent validation  Correlation Correlation coefficient between
1993 [63] (50% girls) summer-time coefficient CALTRAC and child’s report
(4th grade) organized of summer class participation
sports and was 0.038
class Correlation coefficient between
participation CALTRAC and child’s report
of participation in summer
sports teams was 0.11
Sallis et al., 70 girls 55 boys Physical activity CALTRAC Concurrent validation Pearson correlation Correlation coefficient between
1996 [64] (5th grade) checklist coefficient CALTRAC and child’s report

from four re-

gions of the

U.S. (states =
CA, LA,

MN, TX)

interview

Heart rate
monitoring

of minutes in moderate to vig-
orous physical activity was
0.32

Correlation coefficient between
heart rate monitoring and
child’s report of minutes in
moderate to vigorous physi-
cal activity was child’s was
0.50
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TABLE 7—Continued

Study Sample Instrument Validation standard Design Analysis Key findings
Sallis et al., 70 girls 55 boys  Self-admin- CALTRAC Concurrent validation  Pearson correlation Correlation coefficient between
1996 [64] (5th grade) istered physi- coefficient CALTRAC and child’s report
from four re- cal activity of minutes in moderate to vig-
gions of the checklist orous physical activity was
U.S. (states = 0.30
CA, LA, Heart rate Correlation coefficient between
MN, TX) monitoring heart rate monitoring and
child’s report of minutes in
moderate to vigorous physi-
cal activity was child’s was
0.58
Sallis et al., 93 student 7-day Physical Heart rate monitoring Concurrent validation  Pearson correlation Correlation coefficient between
1993 [39] volunteers Activity Recall using minutes in coefficient recalled very hard activity
(5th, 8th, and (recalled “very heart rate intervals and minutes spent in inter-
11th grade) hard” activity above predetermined vals of heart rate >140 bpm was
only) intensity thresholds 0.44. There was an increasing
correlation with increasing
age
Correlation coefficients between
recalled very hard activity
and minutes in intervals of
heart rate >160 bpm was
0.53. There was an increasing
correlation with increasing
age
Sallis et al., 35 girls and 7-day recall of CALTRAC Concurrent validation Pearson correlation Correlation coefficient between
1993 [63] 34 boys after-school (average of 3 days coefficient CALTRAC and energy ex-
(4th grade) physical monitoring) penditure estimated from
activity weekly recall was 0.11
Baranowski et 24 children Daily aerobic Direct observation Concurrent validation Percentage Average percentage of agree-
al., 1984 [65]  (3rd to 6th self-monitoring  over 2 days of whole-day versus agreement ment was 73.4%. Percent-
grade) (38% form using segmented-day re- age agreement was higher for
black, 58% segmented ver- porting formats were segmented than whole day for-
white) sus whole-day compared against di- mat. Percentage agreement
recording rect observation for segmented format
approaches ranged from 72 to 82%.
Aaron et al., 608 female and Past year recall Fitness estimated Indirect validation Spearman rank-or-  Correlation coefficients between
1993 [34] 567 males of leisure-time  from 1-mile walk/ der correlations hours per week of activity
(12 to 16 physical run test and fitness were —0.21 for
years) activity girls, —0.11 for boys, and
(24% black; 3% —0.35 for girls and boys
Hispanic or
Asian, 73%
white)
Weston et al., 48 students Previous Day CALTRAC and Concurrent validation Pearson correlation Correlation coefficients between
1997 [38] (7th to 12th Physical Ac- pedometer counts coefficient total relative energy expen-
grade) tivity Recall diture were 0.88 with CAL-
(energy ex- TRAC and 0.77 with pedom-
penditure from eter counts
the end of the
school day
through
bedtime)
Weston et al., 12 girls and PDPAR to assess Heart rate monitor es- Concurrent validation Pearson correlation Correlation coefficient between
1997 [38] 14 boys energy expen- timates of three in- coefficient average % heart rate range

(15 to 18 years)
(75% white)

dices of heart rate re-
sponse to exercise

diture from the
end of the
school day
through
bedtime

during after school period and
estimated energy expendi-
ture during same time period
was 0.53

Correlation coefficients ranged
between 0.37 and 0.63, with
a dose-response noted for in-
creasing levels of time spent
(while being monitored) over
50% of the heart rate range
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Study Sample Instrument Validation standard Design Analysis Key findings
Craig et al., 45 girls (8 to 1-year recall of  Nonresting energy ex- Concurrent validation Pearson correlation Correlation coefficient between
1996 [32] 11 years) average num- penditure mea- coefficient physical activity estimates

Baranowski et 9 experimental
al., 1984 [65] and 13 control
group partici-

pants (3rd to

6th grade)
Janz et al., 40 girls (mean
1992 [25] age, 10.8 = 2.8
years) 36 boys
(mean age,
11.0 = 2.9
years)
Janz et al., 40 girls (mean
1992 [25] age, 10.8 + 2.8
years) 36 boys
(mean age,
11.0 = 2.9
years)
Sallis et al., 15 girls and
1989 [30] 20 boys
(mean age,
10.8 years)
Sallis et al., 15 girls and
1989 [30] 20 boys
(mean age,
10.8 years)
Jenner et al., 1,311 Australian
1992 [66] boys and girls
(mean age,
12 £ 04
years)
Wallace et al., 11 boys attend-
1985 [67] ing summer
camp for over-
weight boys
(mean age,
12.5 years)
Godin and 698 students
Shephard (7th to 9th
1984 [33] grade)
Janz et al., 15 girls and 15
1995 [27] boys (7 to 15

years)

ber of hours per
week in 33 phys-
ical activities at
a minimum in-

sured by doubly la-

tensity of 4
metabolic
equivalents

7-day retrospec- Daily self-monitoring
tive form form completed for

7 days

12-h recall of Heart rate monitor

activity

Simple activity  Heart rate monitor

rating

7-day Physical CALTRAC

Activity Recall

7-day Physical Heart rate monitor
Activity

Recall

Number of days 20-m shuttle run

per week en-
gaged in exer-
cise for
at least 1 h
7-day Physical Direct observation
Activity
Recall

Self-reported
current physi-

Self-reported physical
activity scores

cal activity among competitive
habits at three  swimmers
intensities

Activity Rating  CSA accelerometer
Instrument

beled water method

Concurrent validation
comparing daily and
retrospective self-re-
port instruments
during first phase of
an intervention study

Concurrent validation

Concurrent validation

Concurrent validation
study comparing
CALTRAC counts
measured over an aver-
age of 10.5 hours for 2
days with self-report
physical activity mea-
sures from inter-
views of children at the
end of each day

Concurrent validation
comparing activity
heart rate measured
over average of 10.5 h
for 2 days with self-re-
port physical activity
measures from inter-
views of children at
the end of each day

Indirect validation

Concurrent validation
comparing reported
and observed physical
activity during previ-
ous 7 days

Concurrent validation
study of physical ac-
tivity instruments
(methods not described
in report)

Concurrent validation

Pearson correlation
coefficients

Pearson correlation
coefficient

Pearson correlation
coefficient

Pearson correlation
coefficient

Pearson correlation
coefficient

Pearson correlation
coefficient

Percentage
agreement

Not reported

Pearson correlation
coefficient

and nonresting energy expen-
diture was 0.47

Correlation coefficients ranged
from 0.23 to 0.30

Correlation coefficient between
recall of activity and aver-
age net heart rate was 0.50,
and between recall of activity
and minutes >=60% heart
rate reserve was —0.38

Correlation coefficients between
simple activity rating and
average net heart rate was
0.35 and between simple activ-
ity rating and minutes
>=60% heart rate reserve
was —0.18

Correlation coefficients between
CALTRAC and reports were
0.49 on day 1 and 0.39 on day
2 of monitoring. No overall
value reported. Higher corre-
lations observed for girls, chil-
dren older than 11 years, and
children with body mass in-
dex (BMI) < 18.3

Correlation coefficients between
heart rate and reports were
0.25 on day 1 and 0.52 for day
2 monitoring. No overall
value reported. Higher corre-
lations observed for girls, chil-
dren younger than 11 years,
and children with BMI
=18.3. Findings are inconsis-
tent with CALTRAC find-
ings (above)

Correlation coefficients for
physical activity with 20-m
shuttle run time were 0.19 for
boys and 0.20 for girls

Overall kcal energy expenditure
showed close agreement:
46% agreement on recall of
mode of activities per-
formed; 75% agreement on re-
call of intensity of activi-
ties performed

Scores reported for child and ad-
olescent competitive swim-
mers differed significantly
from scores reported by av-
erage children

Correlation coefficients between
self-rating and average
movement count ranged from
—0.03 to 0.17
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TABLE 7—Continued

Study Sample Instrument Validation standard Design Analysis Key findings
Janz et al., 15 girls and 15  3-day recall CSA accelerometer Concurrent validation  Pearson correlation Correlation coefficients between
1995 [27] boys (7 to 15 of sweat coefficient self-rating and average
years) episodes movement count ranged from
0.46 to 0.48
Janz et al., 15 girls and 15  3-day aerobic ac- CSA accelerometer Concurrent validation  Pearson correlation  Correlation coefficients between
1995 [27] boys (7 to 15 tivity recall coefficient self-rating and average
years) movement count ranged from
0.05 to 0.39
Anderssen et 330 girls and Leisure-time Parental report Concurrent validation Pearson correlation  Correlation coefficients between
al., 1995 [13] 425 boys physical coefficient parent-reports and child-re-
(mean age, activity ports of parental physical ac-
13.3+0.3 guestionnaire tivity ranged from 0.42 to
years) 0.56
Bouchard 150 children 3-day record of PWC150, PWC150/kg, Indirect validation Intraclass correla- Correlation coefficients between
et al., 1983 (mean age every 15 min- sum of six skin- study of energy tion coefficient mean energy expenditure
[37] 146 = 2.9 utes of 2 week-  folds, % fat expenditure (kcal/day) were 0.70 with
years) days and 1 derived from PWC150, 0.27 with

weekend day

3-day diary

PWC150/kg, 0.40 with sum of

6 skinfolds, and 0.30 with
% fat.

Note. NA, not applicable. PWC150, physical work capacity extrapolated to heart rate 150 beats per minute.

those for the 7-day checklist. Despite the relatively low
correlations, the authors concluded that the checklist
format was appropriate for collecting self-reported data
from fourth-grade children. However, the authors sug-
gested that because of the relatively low correlation,
some combination of monitoring devices and self-report
may be a prudent step to increase validity.

Three studies, among children and adolescents aged
7-15 years [27], were conducted using the relatively
new CSA accelerometer as a validation criterion. The
CSA is considered a new generation of accelerometer
that has several advantages over other accelerometers,
including a smaller size, easier attachment to study
participants, and a longer monitoring period. In these
studies, however, low to modest correlations (r = 0.03
to 0.48) were again found between the questionnaire
measures and CSA indices. These results support the
low validity findings from other studies of self-report
instruments and suggest that the CSA does not corre-
late more highly with self-reported measures of phy-
sical activity than do those from other monitoring
instruments.

Summary of Validation Studies

Interpretation of validity data from physical activity
assessment techniques is less straightforward than in-
terpretation of data from reliability studies. Much of
the problem lies in the fact that no single or widely
available validation criterion exists against which to
compare test methods. Measures from calorimetry and
doubly labeled water methods are precise measures,
but are oftentimes not the appropriate validation crite-
rion for studies in free-living individuals because of

their own inherent limitations, including cost and feasi-
bility of the protocol. The data in Tables 4—7 demon-
strate the variety of validation standards and study
designs that have been used to evaluate assessment
methods. Only three studies [32,51,53] relied on actual
measured energy expenditure from either calorimetry
or doubly labeled water as the validation standard.
These studies, two which evaluated monitoring devices
and one which evaluated a self-report measure, pro-
vided no strong evidence of higher validity. Many stud-
ies have relied on indirect measures as validation crite-
ria, such as estimates of body composition, aerobic
power, or physical performance. Although these factors
are related to physical activity, either as a precursor or
consequence, they also are influenced by other genetic
and environmental factors. Thus use of indirect valida-
tion standards may serve to lower the shared variance
between the two measures and thus make these mea-
sures less useful as validation criteria.

The data suggest low to moderate validity for the self-
report and monitoring measures of physical activity
assessment. Results are quite variable, due in large
part to the lack of consistency among study designs and
methods across the investigations. The self-reported
method that relies on recall has limited utility among
young children, due to cognitive limitations [68]. The
highest associations between the method being tested
and the validation criterion were from studies in which
participants were restricted to or within a certain envi-
ronment while being measured. Although no studies
have directly tested this particular scenario, the obser-
vation suggests that these physical activity assessment
methods may have lower validity in situations where
children are allowed to behave more freely.
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Limitations

Our understanding of physical activity assessment
among children and adolescents has many limitations.
A better understanding and control of variability in
physical activity assessment methods would help re-
duce these limitations. Most human behaviors vary be-
tween, as well as within, persons. Energy expenditure
(including types, patterns, and overall level), for exam-
ple, varies considerably from day to day in most persons,
yet assessment methods rarely include an evaluation
of more than 7 days of behavior. Moreover, self-report
methods are likely to quantify only gross variations
from day to day. Continual monitoring over a long pe-
riod may place unreasonable burdens on study partici-
pants as well as induce the possibility of participant
reactivity.

In studies of dietary assessment, attempts have been
made to quantify the number of days necessary to accu-
rately measure the true level of intake of a given nutri-
ent or nutrients [69]. These efforts require an under-
standing and quantification of interindividual and
intraindividual variation, as well as a reasonable popu-
lation estimate of the average value of the variable
of interest. As with components of dietary intake, the
number of days of assessment necessary to estimate
true energy expenditure will likely vary with factors
such as age and intensity of the activity. Recent at-
tempts to address this issue for younger [23,24] and
older children [28] evaluated the number of days neces-
sary to monitor heart rates to achieve a certain level
of reliability. Nevertheless, even a reliable instrument
can consistently underestimate or overestimate the
truth. Therefore similar attempts must also be made
to improve the validity (i.e., to closer approximate true
energy expenditure) of physical activity assessment
among children and adolescents.

Another limitation concerns the inconsistent ap-
proach to statistical analyses of reliability and validity
data. The Pearson correlation coefficient, which is de-
signed to measure the degree of linear association be-
tween two variables, is the most often used statistical
approach. Although it is a robust method, it may not
be suitable for all applications, particularly when the
association between two measures is nonlinear or when
an intraclass correlation may be more appropriate. Reli-
ance solely on the correlation coefficient may result in
an incorrect conclusion about the agreement between
two methods. Other ways to assess agreement include
categorical [70] and difference methods [71] and other
approaches to correlation [72]. A complete assessment
of the reliability and validity characteristics of a method
should include multiple approaches.

Very few studies reviewed for this paper included a
description of the ethnic distribution of participants
and none evaluated the data by ethnicity. Either this
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information was not reported in the studies or the study
groups were ethnically homogenous. The validity and
reliability characteristics of physical activity assess-
ment instruments may differ between ethnic groups
and this possibility should be investigated in future
studies. Moreover, other characteristics such as gender,
health status, socioeconomic status, and family status
could affect validity and reliability characteristics and
should also be investigated.

SUMMARY

Assessment of physical activity among children and
adolescents remains a challenge for investigators. Sev-
eral assessment methods are available, and the choice
for their use depends largely on the study design and
the age of participants. Until more work is completed
in this area, the correct choice of a measure of physical
activity assessment for studies and surveillance among
children and adolescents is a difficult decision, and a
few general recommendations can be made at this time.

 If assessment among children younger than 10
years of age is the goal, self-report recall methods
should not be used.

» Direct observation and mechanical monitoring may
be the best method for young children, and interviewer
assistance may enhance the validity of recall and re-
porting among older children and adolescents.

» Electronic monitoring is the best choice for de-
tecting and assessing patterns of physical activity (es-
pecially in measures of intensity) over an extended pe-
riod (several days, for example).

* The doubly labeled water technique, while offering
an accurate assessment of total energy expenditure,
does not provide an estimate of energy expenditure re-
sulting from physical activity or an evaluation of the
intensity of the activity and thus has limited applica-
tions in physical activity assessment.

» The applicability of physical activity assessment
methods across genders and ethnic groups is unknown
given a glaring paucity of information in these sub-
groups.

The variety of methods and studies makes synthesis
and summarization of existing validation research ten-
uous at best. Reliability and validity studies have been
published using a number of different study designs,
validation standards, assessment periods, and statisti-
cal analyses, among other factors. Each of these issues
must be considered by investigators when evaluating
the best method for use in a particular population.
Many other factors in addition to reliability and validity
must also be considered including cost, practicality, and
the purpose of a study. Regardless of the measure cho-
sen, investigators must be acutely aware of all sources



S74

of variability inherent to the specific method and dili-
gently work to minimize those inputs to maximize
validity.

The data suggest that test—retest reliability and in-
terinstrument reliability of physical activity assess-
ments among children and adolescents are generally
moderate to high. There is evidence of an age associa-
tion, especially with self-reports, with the recall of
younger children being less reliable. Conversely, low
to moderate associations have been found for various
validation criteria. This finding was to be expected,
considering the variety of methods used to assess
activity as well as the lack of a consistent validation
criterion.

The range of validity results summarized in this pa-
per suggests that the several methods of assessing
physical activity are not measuring identical properties
or components. Total physical activity is a function of
the type of stimulus (mode of exercise), the intensity
at which the stimulus is performed, and the duration of
asingle episode. Over an extended period, the frequency
with which an exercise is performed is also important.
For example, one type of electronic monitor may not
measure the intensity of physical activity as well as a
recall instrument or a diary may, but the monitor may
more accurately measure duration. If this is true, re-
searchers may need to use multiple methods to more
completely assess all components of physical activity.

FUTURE DIRECTIONS

Greater effort toward developing a standard of mea-
sure is necessary in this area. Existing studies have
used some measure of energy expenditure (estimated
or actually measured kilocalories), an index of counts
(as made by accelerometers), time spent in a certain
“exposure range” (determined by heart rate monitors),
or specially formulated indices of physical activity (from
self-report). Sallis and colleagues have demonstrated
the problems using existing methods to estimate energy
expenditure among children and adolescents from gen-
eralized metabolic equivalent (MET) tables developed
for adults (73). Clearly, error isinvolved in all estimates,
serving to make comparisons among studies difficult.

The existing literature has many glaring weaknesses,
first and foremost perhaps being the paucity of studies
among girls (or gender-specific analyses of mixed gen-
der populations) and ethnic minorities. In addition to
more validation studies of each of the various methods,
in different groups of participants, studies must be de-
signed using appropriate validation standards for the
implementation of the measure under study. For exam-
ple, if total energy expenditure is the important param-
eter to measure, doubly labeled water would be the best
choice for a standard. Similarly, if patterns (including
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bouts of activity at or above a certain threshold of inten-
sity) are of interest, then one of the newer electronic
monitoring devices would be most appropriate.

The development and use of valid and reliable physi-
cal activity assessment techniques are particularly im-
portant for furthering public health efforts to promote
physical activity among children and adolescents. Phys-
ical activity promotionis a key part of U.S. health policy,
and a crucial part of public health promotion is ade-
quate surveillance. Surveillance systems that use a
valid and reliable assessment method allow not only
for an accurate baseline assessment, but also for a de-
pendable set of ongoing measurements that can be used
to measure secular changes.
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