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Samenvatting

In de discussie over overgewicht bij kinderen en adolescenten wordt steeds vaker
gewezen op het gebrek aan beweging bij de jeugd. Er wordt door jongeren steeds meer
tijd voor de televisie of achter de computer doorgebracht. De indruk bestaat daarnaast
dat er minder buiten wordt gespeeld en dat steeds meer kinderen met de auto naar
school worden gebracht.

Echter voordat er campagnes of interventies ontwikkeld en/ of geévalueerd kunnen
worden, is het noodzakelijk meer inzicht te krijgen in de verschillende methoden die er
bestaan om fysieke activiteit bij kinderen en adolescenten te meten. Het is van groot
belang om meer inzicht te krijgen in het beweegpatroon van kinderen en adolescenten
in termen van energieverbruik, frequentie, intensiteit, tijd en type activiteit. In
Nederland is nog weinig onderzoek verricht waarbij zowel aandacht wordt besteed aan
gestructureerde fysieke activiteiten (sport, bewegingsonderwijs) als aan vormen van
transport (lopen of fietsen naar school), minder gestructureerde fysieke activiteiten als
buiten spelen en fysieke inactiviteit. Het meten van fysieke activiteit kan ook bijdragen
aan kennis over de gezondheidseffecten van laag en matig intensieve fysieke
activiteiten en de dosisrespons relatie tussen fysieke (in)activiteit en overgewicht.

Het rapport geeft antwoord op de vraag: Welke objectieve en subjectieve meetmethoden
zijn er op dit moment in binnen- en buitenland beschikbaar om fysieke activiteit bij
kinderen en adolescenten (4-18 jaar) te meten?

Uit de literatuurstudie zijn de volgende objectieve meetmethoden naar voren gekomen:
indirecte calorimetrie, dubbel gelabeld water, hartdagmeters, stappentellers en
versnellingsmeters. Subjectieve meetmethoden zijn: directe observatie, vragenlijsten,
dagboekjes en interviews. Elke methode heeft voor- en nadelen.

Dit rapport laat duidelijk zien dat onze kennis over beweegpatronen van kinderen en
adolescenten en onderzoek op het gebied van meetmethoden nog in haar
kinderschoenen staat. Hoewel e vedl hartdagmeters, stappentellers en
versnellingsmeters op de markt zijn, is er weinig onderzoek gedaan naar de validiteit en
betrouwbaarheid van deze meetmethoden bij kinderen en adolescenten. Ook zijn er op
dit moment geen valide en betrouwbare Nederlandse vragenlijsten beschikbaar voor
kinderen en adolescenten. Aangezien elke methode net weer andere aspecten meet, lijkt
een combinatie van, zo mogelijk betrouwbare en gevalideerde, objectieve en
subjectieve meetmethoden op dit moment het meest geschikt. Men kan hierbij denken
aan de combinatie van een versnellingsmeter en een vragenlijst. Het is daarnaast
duidelijk dat onderzoek naar de betrouwbaarheid en validiteit van hartdagmeters,
stappentellers, versnellingsmeters en Nederlandse vragenlijsten en dagboekjes zeer
gewenst is. Deze methoden dienen zich niet alleen te richten op het totae
energieverbruik, maar ook inzicht te verschaffen in het bewegingspatroon (frequentie,
intensiteit, tijd en type activiteit).

Dit rapport is geschreven in opdracht van het Ministerie van Volksgezondheid, Welzijn
en Sport, directie Sport.
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Summary

In the discussion about paediatric obesity more often the physical inactive lifestyle of
youth is pointed out. Ever increasing time is spent in front of the television or behind
the computer. Also, there are reasons to believe that children spend less time playing
outside and more children are brought to school by car.

However, before campaigns or interventions can be developed and/ or evaluated, more
insight is needed in the different methods that exist to assess physical activity in
children and adolescents. It is of great importance to gain more insight in physical
activity patterns of children and adolescents in terms of energy expenditure, frequency,
intensity, time, and type of physical activity. In the Netherlands studies in which
attention is paid to structured physical activities (sports, physical education class) as
well as to transportation modes (walking or cycling to school), less structured physica
activities as playing outside, and physical inactivity, are sparse. Assessing physical
activity can also contribute to our knowledge of health-related effects of low to
moderate physical activities, and the dose-response relationship between physical (in)
activity and obesity.

This report will give an answer to the following question: Which objective and
subjective methods are available at present, in the Netherlands and abroad, to assess
physical activity in children and adolescents (4-18 yr)?

In the literature search the following objective assessment methods were found: indirect
caorimetry, doubly labelled water, heart rate monitors, pedometers, and
accelerometers. Subjective assessment methods are: direct observation, questionnaires,
diaries, and interviews. Each method has advantages and disadvantages.

This report shows clearly that our knowledge of physical activity patterns, and research
in the field of assessment methods for children and adolescents are till in their infancy.
Although a variety of heart rate monitors, pedometers, and accelerometers are available
commercially, few studies have been performed on the validity and reliability of these
methods in children and adolescents. Also to date no valid and reliable Dutch
guestionnaires are available for children and adolescents. Because each method
measures just other aspects, a combination of, if possible valid and reliable, objective
and subjective assessment methods seems most appropriate at this moment. One can
think of a combination of an accelerometer and a questionnaire. Beside this, it is clear
that research on the validity and rdiability of heart rate monitors, pedometers,
accelerometers, and Dutch questionnaires and diaries isdesirable. At last, it isimportant
that methods not only address total energy expenditure, but also provide insight in
physical activity patterns (frequency, intensity, time and type of physical activity).

This report has been written by order of the Ministry of Health, Welfare and Sport,
Sports Directorate.
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Introduction

Overweigth and obesity

There is a tremendous interest in assessing and promoting physical activity among
children. Much of this interest stems from the high publicized increases in the
prevalence of paediatric obesity’ (Welk et al., 2000b). From 1963 to 1991 the
percentage of children and adolescents with obesity has doubled according to the
American National Health and Nutrition Examination Survey under children and
adolescents (6-17 yr) (Stichting Jeugd in Beweging, 2001). In Australia obesity and
overweight levels are reported to be between 19-23% (Vincent et a., 2003). In the
Netherlands the same increases can be observed (Wit, 1998). In a period of twenty
years the number of 5- to 11-year old children with overweight has increased from 4 to
more than 10 percent and the number of children who are obese has become eightfold
(Janssen, 2002; Voedingscentrum, 2002). TNO Prevention and Health found similar
numbers in a study under 14500 children and adolescents showing that one in every
seven children weighs too much. Nearly sixteen percent of the boys were overweighed.
The percentage of overweighed girls increased from 8.2% in 1980 to 16.1% in 1997
(Hirasing et a., 2001; Hirasing et a., 2002).

Paediatric obesity is associated with several physical and psychosocial consequences.
The greatest risk is the increased likelihood of adult obesity with al its associated
health risks. One third of the children and adolescents who are overweight will become
an overweight adult (Janssen, 2002; Peters & Luijpers, 2002). The maintenance of
behaviour, in which initial measures of e.g. obesity or physical (in)activity can predict
later levels, is called tracking (Janz et a., 2000).

Physical inactivity

Physical inactivity and hence a decrease in energy expenditure, is suggested to be one
of the main risk factors for developing obesity. Regular physical activity can improve
cardiovascular profiles (i.e. lower blood pressure, higher level of HDL-cholesterol), it
can improve physical fitness, optimize growth and encourage future participation in
physical activity (Stiggelbout et al., 1998).

Many health professionals and scientists have expressed concern about the physical
activity status of children. There are reasons to believe that the level of physical activity
of children and adolescents has declined during the past decades. In the United States
transportation surveys indicate that there has been an increase in the use of personal
vehicles for transportation purposes, including chauffeuring the child (Tudor-Locke et
a., 2003), and an increase in watching television (Armstrong et al., 1998). In The
Netherlands the same trends can be observed (Van Binsbergen & Mathus-Vliegen,
2003; Janz et a., 2002; Stichting Kijkonderzoek, 2003; Wit, 1998).

Knowledge of physical activity patterns is needed to serve as a cornerstone in
establishing appropriate federal health objectives. Assessment methods are essential for

! Obesity is quantified as weight corrected for height, the body mass index (BMI). In children and
adolescents other BMI scores are used than for adults. In contrast to adults the age and sex are taken into
account (Westerterp, 1999a).
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increasing our understanding of the dose-response relationship between physical
activity and obesity. It is aso desirable to determine what proportion of children and
adolescents are meeting physical activity guidelines and to examine what proportion is
in need of intervention programmes or whether to adjust physical education curricula
for children.

Physical activity guidelines

Recently developed physical activity guidelines in which intermittent and not
continuous activity is stressed, have heightened the need to assess not only an overall
activity measure but also frequency, intensity, time, and type of activity (FITT). It has
also become clear that health benefits occur not only as a result of structured vigorous
activity but that moderate physical activities are already beneficial for health.

In the Netherlands the physical activity guideline (Nederlandse Norm Gezond Bewegen
(NNGB)) for children and adolescents (< 18 yr) is defined as:

Perform physical activities of moderate intensity for at least one hour a day, and in
addition perform twice a week physical activities that improve or maintain physical
fitness (strength, flexibility, and co-ordination) (Kemper et al., 2000).

The variety of methods to assess physical activity in children and adolescents is
enormous. LaPorte et a. (1985) mentioned more than 30 different techniques. This can
partially be explained by the complexity of physical activity. Physical activity is a very
complex behaviour that has a variety of dimensions. It can be defined as any bodily
movement produced by skeletal muscles that result in energy expenditure (Committee
on Sports Medicine and Fitness, 1994) and can be expressed in terms of energy (kcal),
external workload (Watt), time of activity (minutes), units of movements (counts),
freguency, intensity, type of activity, in active versus inactive individuals according to a
guideline, as a percentage, etc.

Aim of theresearch project

To gaininsight in physical activity patterns of Dutch children and adolescents and/ or to
develop or evaluate intervention programmes, practical, valid, and reliable methods
must be used to assess physical activity.

The aim of this report is to provide an overview of different objective and subjective
methods to assess physical activity in children and adolescents (4-18 yr).

Bookmar k

In chapter 2 the method of obtaining information of assessment methods will be
discussed. Chapter 3 provides an overview of objective assessment methods as heart
rate monitors and motion sensors. In chapter 4 subjective methods to assess physical
activity will be reported. In chapter 5 attention is paid to the unique characteristics of
activity patterns of children and adolescents in comparison with adults and in chapter 6
conclusions, recommendations and priorities for future research will be presented.
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Method

Resear ch design

In this research project three steps were taken:

1 A literature search to locate objective and subjective methods to assess physical
activity in children and adol escents (4-18 yr);

2. A critical review of the quality and practical application of the objective and
subjective methods by two independent reviewers;

3. Report.

Searching theliterature

To provide an overview of methods to assess physical activity in children and
adolescents a literature search was performed in the computerized databases PubMed
(Medline), Embase, SpycINFO, and the TNO physical activity literature database. On
the basis of single and combined keywords, articles written in Dutch, English and
German were selected. The following keywords were used: physical activity,
assessment, measurement, evaluation, child(ren), adolescent(s), validity, reliability,
calibration and devel opment.

Critical review

All articles were reviewed and examined on relevance and methodological quality.

To be described in this report the assessment method had to apply to the following

inclusion criteria

e Target population: (healthy) children and/ or adolescents (4-18 yr);

o Objective of the assessment method: to asses physical activity in a quantitative
manner in terms of energy expenditure, external workload, units of movements,
frequency, intensity, time, type of activity or physical activity guidelines;

e Publication between 1980 and 2003.

In some cases more information was obtained by consulting the authors of the articles,
or by searching the internet. Assessment methods not thoroughly described and those
focusing on other variables than physical activity were excluded from review.

Selected assessment methods were reported systematically. After a description of the
general characteristics of the method, research on the validity and reliability of this
method was discussed. Next the advantages and disadvantages of the method have been
reported, and finally a combined judgement of two independent reviewers was
presented.

Guidelines

The Committee of Tests and Test research in the Netherlands (Commissie Test
Aangelegenheden Nederland (COTAN)) has developed a set of methodological
guidelines for systematic test review. They presented criteria for the following items:
construction of tests, quality, reliability, and validity (Evers et a., 2000a; Evers et d.,
2000b).
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Also, an important item in assessing physical activity in children and adolescents is the

practical use of the method. According to Scruggs et a. (2003) an assessment method

must:

e beinexpensive;

¢ be of acceptable size to the subjects under study (size of a measurement instrument is
of utmost importance in field-based studies (Trost, 2001));

o be accessibleto researchers;

e cause minimal to no disruption to direct environment.

Based on the COTAN guidelines and earlier reviews of assessment methods (Salis,

1991) the following items have been selected for this review:

¢ Name of the assessment method (if the instrument or measure did not have a specific
name, one was provided);

e Target population;

e Cost of the assessment method;

e Size (i.e. size and weight of heart rate monitors, size and weight of motion sensors,
number of questions in questionnaires and lengths of interviews);

e Comfort;

e Units of measurement (e.g. energy expenditure, frequency, intensity) or content

(structure of questionnaires, categories, question format (Konijn & Hildebrandt,

1993));

Time to train observers;

Reliahility of the assessment method;

Validity of the assessment method;

Calibration of the assessment method.

Two very important aspects of an assessment method are the reliability and the vaidity.
They are described in detail.

Reliability

Reliability is a measure of reproducibility. Reliability measures demonstrate whether
results of individuals on different occasions (test-retest reliability), or of different
observers (inter-observer reliability), or of the same observer on different occasions
(intra-observer reliability) produce the same results. The rdiability is expressed as a
number between 0 and 1, with O indicating no reliability and 1 indicating perfect
reliability. It is a measure of the proportion of the variability of the results which was
due to true differences between individuals.

Reliability can be expressed as internal consistency, inter-observer reiability, intra
observer reliability or test-retest reliability. The internal consistency presents the
average of the correlations between all the items of the measure, in other words the
homogeneity of the measure. It is often calculated by Cronbach’s apha. The internal
consistency however is not a sufficient basis upon which to make a reasoned judgement
to use or not to use a measure. Any decision regarding the value of a measure should be
based on some information about the stability of a measure, which is expressed by the
inter-observer reiability, the intra-observer reliability and the test-retest reliability.
Acceptable reliability coefficients depend on the use of the measure and the cost of
misinterpretation. But in general the internal consistency should exceed 0.80. Stability
measures should be higher than 0.50 (Baarda & De Goede, 1995; Streiner & Norman,
1995).

If one of the criteriais met a‘+ will be assigned to the assessment method by the two
reviewers (Table 2.1).
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Table 2.1. Criteriafor judging reliability coefficients

Iltems Criteria Judgement
Internal consistency >0.80 +
Inter-observer reliability >0.50 +
Intra-observer reliability > 0.50 +
Test-retest reliability > 0.50 +
Validity

Reliability is simply a concept to demonstrate whether an instrument or a scae is
measuring something in a reproducible way. It says nothing about what is being
measured. To determine whether an assessment method is measuring what was intended
requires evidence of validity.

If there are other instruments or scales available which measure the same or similar
aspects as the method under study a strong correlation should exist between the two
measurements. This is expressed as the concurrent validity, criterion validity or
convergent validity. One would preferably use an instrument which has been defined as
‘the golden standard’. If no other measure exist construct validity is assessed. The
aspect that is measured is linked to another aspect by a hypothesis or a construct
(Streiner & Norman, 1995).

The two reviewers assigned a ‘-, ‘', ‘+', or ‘? to different items of the selected
assessment methods. Most judgements were based on common sense. If theitem did not
meet acceptable levels or was not described at all, a‘-’ was assigned for reliability and
validity, and a ‘? for the other items. In a consensus meeting both reviewers tried to
reach agreement on items on which they had different opinions.

Report

All selected assessment methods were described with the available information.

After a description of the method, research on the validity and reliability was discussed.
Next the advantages and disadvantages of the method have been reported and finally a
judgement of the two researchers was presented.
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3.2

Objective methods to assess physical activity in children
and adolescents

Methods of assessing physical activity in children and adolescents can be divided into
two major categories. First there are methods by which the physiological responses to
physical activity are obtained, the so called objective methods. Examples of objective
methods are heart rate monitoring and indirect calorimetry. The second category
includes methods by which the amount of physical activity is estimated subjectively.
Examples of subjective methods are observation methods, questionnaires, diaries and
interviews.

In this chapter four objective methods will be discussed.

Indirect calorimetry

One method to assess physical activity in children and adolescents is to measure energy
expenditure in an open-circuit indirect calorimeter?. The calorimeter is a room that can
be equipped with a bed, table, chair, toilet, television, cycle ergometer and so on. The
volume of the outgoing air is determined and the gas is analyzed with an O, — analyzer
and a CO,— analyzer. Energy expenditure is calculated according to the equation of
Weir: EE (kcal) =3.9x O, + 1.1 x CO, (Emons et al., 1992). In general the subject will
stay there for at least 24 hours.

Advantages and disadvantages of indirect calorimetry

Indirect calorimetry is a good method to obtain individualized heart rate - VO,
regression equations and can therefore be used to calibrate other methods. Another
advantage of this method is that energy expenditure can aso be monitored during rest
or sleep. Unfortunately it is expensive and time-consuming. Also, calorimetry is a
laboratory-study and does not measure red-life situations. More and more
manufacturers introduce portable, lightweight metabolic systems that should improve
the measurement of energy expenditure under more natural conditions. Indirect
calorimetry is not an appropriate method for large-scale epidemiol ogic studies.

Judgement of indirect calorimetry as an assessment method
Indirect calorimetry can be used for calibrating other assessment methods, but
equipment and time makes this method disadvantageous.

Doubly labelled water

The doubly labelled water (DLW) technique measures the disappearance rate of the
labelled isotopes H, and 20 after an oral dose of 2H, H,*®0 to estimate carbon dioxide
production rate (VCO,) over a period of several days (Livingstone et a., 1992;
Westerterp, 1999a).

Advantages and disadvantages of doubly labelled water

The DLW technique provides an overall estimate of physical activity related energy
expenditure. It can measure integral energy expenditure under real-life situations over a
period of up to two weeks with minimal inconvenience to the subject. Disadvantages of
this method are the relatively high cost of a single dose of doubly labelled water (about

2 Direct cal orimetry measures energy expenditure through the production of heat (LaPorte et al., 1985).
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$3 per isotope dose per kg body weight) and the use of an expensive mass-spectrometer
(Saris, 1986). This method doesn’t describe changes in energy expenditure over time
(physical activity patterns), nor does it differentiate between different types of activity
(Goran, 1998).

Judgement of doubly labelled water as an assessment method

The doubly labelled water method is a well established and validated assessment
method both in animals and in human. It is considered to be the golden standard of
assessing energy expenditure. If time, money and equipment are not a problem it is a
perfect method to calibrate or validate other assessment methods. However, one should
bear in mind that this method can not provide insight in physical activity patterns.

Heart rate monitors

Due to advances in telemetry, storage capacity and instrument size, heart rate
monitoring has become an attractive method to assess physica activity in real-life
situations. Different recording techniques are available at present: 1.) telemetry; 2.) tape
recorders; and 3.) solid-state recorders.

The linear relationship between heart rate, oxygen consumption (VO,) and energy
expenditure during physical activity is established in adults, adolescents and children
(Melanson & Freedson, 1996; Welk et a., 2000b). Heart rate monitors provide an
estimate of daily energy expenditure or activity energy expenditure from individual
calibration curves developed during avariety of activitiesin alaboratory setting.

In the literature search information was found about two heart rate monitors. They have
been described in detail. Characteristics of these heart rate monitors are summarized in
Table 3.1.

Quantum XL Telemetry heart rate monitor

The Quantum XL Telemetry heart rate monitor (Polar Electro Oy, Kempele, Finland,
SF-90440, AMF) is a wireless portable monitor that consists of a transmitter and a
receiver. The transmitter is 13.7 x 3.0 x 1.2 cm in size and weighs 43 g, the receiver is
51x4.5x 1.5cmin size and weighs 47 g (Table 3.1). The receiver is a microcomputer
that records and stores heart rate data once every minute for 16 hours. The Quantum XL
Telemetry heart rate monitor calculates heart rates based on a pulse-to-pulse time-
average algorithm. The transmitter can be attached to the chest by self-adhering
electrodes.

Validity and reliability: Durant et a. (1992) examined the reliability and variability of
heart rate monitoring in preschool children (3-5 yr). Heart rates were measured with the
Quantum XL Telemetry heart rate monitor over 12 waking hours in 159 children from
three different ethnic groups. Four heart rate variables were examined: mean resting
heart rate, mean heart rate during specific time periods, percent of minutes during
specific time periods in which the heart rate was higher than 120 beats per minute and
longest duration during a time period the heart rate was above 120 beats min. Despite
very high intraindividual standard deviations, within-day reliabilities were found to be
in an acceptable range and ranged between r=0.81 and r=0.85. However a principal
component analysis revealed three distinct time periods during the day: morning, early
afternoon, and late afternoon. This suggests that monitoring heart rate during a specific
time period during the day will provide a biased estimate of overall heart rate. The
reliabilities for two days of monitoring separated by 3-6 months ranged from r=0.65 to
r=0.66 (Table 3.1). Durant et al. concluded that at least four days of monitoring are
necessary to estimate an individual’s habitual daily heart rate with a reliability of
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r=0.80. Heart rate variables did not vary significantly by day of the week, season of the
year, gender or ethnic group.

Two years later Durant et al. (1993b) repeated the measurements with 131 children (5-7
yr). In addition to the heart rate variables of the first study they measured the percent of
heart rates 25% (PAHR-25) and 50% (PAHR-50) above resting heart rate, indices of
physical activity heart rate. Within-day reliability ranged from r=0.75 to r=0.93, with
the PAHR-25 having the highest reliability (r=0.92). If only one 60-min measure was
used, the rdiabilities ranged from r=0.26 to r=0.49. Correlations between heart rate
measures across two days separated by 3-6 months ranged from r=0.47 to r=0.81. Again
the PAHR-25 had the highest reliability (r=0.81). Single measure reliabilities ranged
from r=0.31 to r=0.68. Only 1.9 days of monitoring would be needed to achieve a
reliability of r=0.80 for the PAHR-25 index in contrast to 9 days for the mean heart rate.
Durant et a. concluded that PAHR-25 and PAHR-50 may be better indicators than
previously reported heart rate variables as mean heart rate, especialy if an investigator
islimited to collection of less than 12 hours of monitoring heart rate.

Janz et al. (1992) examined the reliability and validity of the Quantum XL Telemetry
heart rate monitor in 76 children and adolescents (6-17 yr) during a typical summer day.
Eleven children were monitored for two days. The correlations between the two days
were r=0.70 for total activity (heart rate minus baseline heart rate), and r=0.84 for
baseline heart rate values. Total activity was related to a 12-hour recall questionnaire on
the monitored day (r=0.50), on another day (r=0.32), and to self-rating (r=0.35). Total
activity was related to VO, s in girls (r=0.36), but not in boys (r=-0.06). Janz et al.
reported that prepubescent children were significantly more physically active than post-
and pubescent children. No gender difference was found.

Sport Tester

The Sport Tester (Polar Electrode KY, Kempele, Finland, PE 3000) (also known as the
Polar Vantage XL heart rate monitor (Polar Night Vision, Helsinki, Finland)) is another
wireless portable heart rate monitor. It consists of a transmitter (13.7 x 3.0 x 1.2 cm, 43
g) and areceiver (5.1 x 4.5 x 1.5 cm, 47 g) (Table 3.1). The transmitter can be attached
to the chest using either disposable electrodes or an elastic electrode belt. The receiver
is a microcomputer which records, displays, and stores heart rate data at 5- or 15-second
intervals for up to 80 or 240 minutes, respectively, or once a minute for up to 16 hours.
It has a memory capacity for 1020 heart rates and 256 time values. The receiver can be
worn around the wrist. The Sport Tester calculates heart rate data based on a pulse-to-
pulse time-average a gorithm.

Validity and reliability: Treiber et a. (1989) examined the validity of the Sport Tester in
laboratory and field settings. They assessed the validity by comparing simultaneously
recorded ECG heart rates with Sport Tester data in three studies. Study 1 obtained heart
rate data from 10-year old children during a cycle ergometer task, study 2 examined 4-
to 6-year old children performing treadmill exercises and study 3 was a field tria in
which 7- to 9-year old children performed six free-play activities. Correlations between
ECG data and Sport Tester data ranged from r=0.93 to r=0.99. The maximum difference
for individuals between ECG heart rates and Sport Tester heart rates across all three
studies was 4.9 beats/ min.

Harro (1997) examined the validity of three questionnaires by simultaneously
monitoring heart rate and accelerometer data. Sixty-eight children (4-8 yr) were
measured on four consecutive days. Correlations between heart rate monitoring with the
Sport Tester and Caltrac accel erometer data was r=0.45 (p < 0.001) for heart rate > 140
beats/ min, and r=0.41 (p < 0.01) for heart rate > 150 beats/ min.
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Treuth et al. (1998) calibrated heart rate data and activity monitor data against 24-h
respiration calorimetry to predict activity energy expenditure in real-life situationsin 20
children (8-12 yr). Errors and standard deviations of the estimated energy expenditure
were the lowest when heart rate data and activity monitor data were combined. With
this method energy expenditure can be estimated with an error of -2.6 £ 5.1% kJ/ day.
Emons et a. (1992) compared 24-h energy expenditure rates quantified by three
different methods:

1 A 24-h stay in an indirect cal orimeter;

2. A 14-day measurement using doubly labelled water;

3. An estimation of energy expenditure based on 24-h heart rate monitoring with
the Sport Tester.

Individual calibration curves were derived for 19 children (7-11 yr) from heart rate data
and oxygen consumption in the calorimeter during rest and during walking on a
treadmill. Estimated energy expenditure based on data from the Sport Tester was 10.4%
higher than energy expenditure measured in the calorimeter and 12.3% higher than
energy expenditure measured with the doubly labelled water method. Overestimation
ranged from 6.3% to 16.2%.

Livingstone et al. (1992) compared energy expenditure estimated by heart rate
monitoring with energy expenditure assessed by the doubly labelled water method.
Tota energy expenditure was measured by the doubly labelled water method over 10-
15 days in 36 children (7-15 yr). Heart rates were monitored with the Sport Tester on
two school days and one weekend day. Discrepancies between estimated energy
expenditure and measured energy expenditure ranged from -16.9% to 18.8%.

Examples of other heart rate monitors are; the UNIQ Heart Watch (Computer
Instruments Corp., Hempstead, New Y ork), the Quantum XL Fitness Monitor, and the
Holter Monitoring system (Oxford Instruments).
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Advantages and disadvantages of heart rate monitors

Heart rate monitoring provides an objective indicator of the physiological responses to
physical activity. The reviewed heart rate monitors, the Sport Tester and the Quantum
XL Telemetry heart rate monitor, are both wireless heart rate monitors. In generd,
wireless heart rate monitors are well tolerated by children. This makes them practical
for field testing. It also makes them less sensitive for dataloss. In the study of Treiber et
a. (1989) 14.2% of the data of the ECG was lost due to electrode detachment in
comparison with 1.2% of the data of the Sport Tester.

A disadvantage of heart rate monitoring is the fact that heart rate is influenced by
severa other factors than physical activity, for example by age, body size, anger, stress,
temperature, posture, muscle group, type of muscle contraction, training status, food
intake, and time of the day (Durant et al., 1992; Durant et al., 1993b; Freedson, 1991,
Saris, 1985, Trost, 2001). Another disadvantage is that heart rate monitoring may mask
the sporadic activity pattern of children. Children tend to change their activity pattern
frequently and can be very active and inactive within one minute. By using time-
averaging techniques, in which mean heart rates are calculated, changes in heart rate
may not be detected. Another important aspect is the fact that heart rate response lags
behind changesin activity. A disadvantage of telemetry is that the receiver hasto bein
the neighbourhood of the subject. The size and weight of a tape recorder makes this
technique less suitable for young children.

Another problem is the resting heart rate. The three most popular heart rate indices, the
activity heart rate index, the PAHR-25, and PAHR-50, are based on the resting heart
rate. One can imagine that the operationa definition of resting heart rate and the
protocol used to measure it, have profound effects on the physical activity estimates. In
a study of Logan et al. (2000) with 20 preschool children (3-4 yr) the PAHR-25 varied
by 10-50%, the PAHR-50 varied by 16-65%, and the activity heart rate index varied by
9-44% depending on the protocol used. Physical activity can be over- or underestimated
by about 30-35% as a result of the definition of resting heart rate. However, the
different protocols had no significant influence on rank order of physical activity level.

Judgement of the described heart rate monitors
Characteristics of the Quantum XL Telemetry heart rate monitor and the Sport Tester
are summarized in Table 3.2.

Table 3.2 Judgement of the characteristics of the two described heart rate monitors

Heart rate monitors Target Cost | Size | Validity | Reliability | Calibration
population

Quantum children, ? + + + ?

XLTelemetry adolescents

Sport Tester children, ? + + +
adolescents

The results of the studies suggest that the Quantum XL Telemetry heart rate monitor
may be a reliable measure to assess physical activity in children and adolescents. The
Sport Tester has been validated and calibrated in children and adolescents. However,
one has to keep in mind that both heart rate monitors are old models. To date no
information is published about the validity and reliability of newer heart rate monitors
for use in children and adolescents.

Using individualized heart rate - VO, regression equations and techniques that control
for errors, heart rate monitoring can provide an indication of the intensity, duration,
frequency, and energy expenditure of physical activity.
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An even better measure of energy expenditure is cardiac output. Oxygen consumption is
not only related to heart rate but also to stroke volume and arterio-venous oxygen
difference. In the last decades many studies have been conducted to measure cardiac
output invasively in laboratory settings. However this method is difficult and
impracticable for researchers and inconvenient for subjects. Recently, many studies
have been performed to investigate non-invasive assessment of cardiac output in adults.
For example, one has looked at the Model flow method, the Doppler echocardiography
method, and CO, rebreathing technique. So far, literature has shown that no method has
been proven valid and reliable to measure cardiac output non-invasively (Remmen et
al., 2002; Sugawaraet a., 2003; Tam et a., 2003).

Motion sensors

Motion sensors have evolved from simple mechanical devices as pedometers to one-
dimensional and three-dimensional accelerometers. They are often selected because
they are lightweight, unobtrusive, and relatively inexpensive in comparison with other
objective methods as the doubly labelled water technique for example (Nichols et al.,
1999).

One pedometer, five one-dimensional accelerometers and three three-dimensional
accelerometers are described in detail. Characteristics of these motion sensors are
summarized in Table 3.3.

Pedometers

Pedometers use three mechanisms to record steps. The first and most basic principleis a
spring-suspended horizontal lever arm that moves up and down in response to vertical
displacement of the hip. Newer models have a glass-enclosed magnetic reed proximity
switch. The third principleis similar to that of accelerometers.

Most of the technical limitations of the early pedometers have been overcome. For
example the variability of spring tension (Welk et a., 2000c).

Yamax Digi-Walker pedometer

The Yamax Digi-Walker pedometer (Yamax Corp., Japan, Model SW-701) is an
unobtrusive instrument that uses a horizontal spring-suspended mechanical lever arm to
measure vertical movement. It is 1.9 x 3.9 x 5.2 cm in size and can be worn at the hip.
Outcome measures are step counts, distance and energy expenditure (Table 3.3).
Validity and reliability: The validity of the Yamax Digi-Walker pedometer was
supported in a study of Scruggs et a. (2003) in which a steps-per-minute-standard was
determined in 6- to 7-year old children (n=369) for quantifying lesson time that these
children spent in moderate to vigorous physical activity during physical education. The
correlation range between step counts per minute and time spent in moderate to
vigorous physical activity (MVPA) was r=0.74-0.85. The MV PA was measured with a
system for observing fitness instruction time (SOFIT).

Examples of other pedometers are: the Yasama Skeletone (Model EM-180), Sportline
(Model 330, Model 345), Omron (Model HJ-105), New Lifestyles (Model NL-2000),
Kenz Lifecorder, Oregon Scientific (Model PE316CA), Freestyle Pacer Pro, and The
Walk4Life (Model LS 2525). There is not sufficient information available to describe
them in detail in this report. To date no validation studies have been performed with
these devices in children or adolescents. They have been validated in adults (Crouter et
al., 2003).



22/68

| TNO report | PG/B& G/2003.333 | January 2004 |

Advantages and disadvantages of pedometers

In general, pedometers are relatively cheap and unobtrusive devices to assess physical
activity in children and adolescents. Unlike heart rate telemetry, pedometers do not
require taping or strapping to the body. According to some researchers pedometers can
be used to document relative changes in physical activity or to rank groups of children
on physical activity participation.

Disadvantages of pedometers are their insensitivity to non-locomotor forms of
movement, no detection of static exercise, and insensitivity to changes in inclination
(hills, stairs). Furthermore, they have no data storage capabilities, which mean that they
only give atota activity score over the entire period of recording and therefore they do
not provide information about the frequency, intensity or duration of physical activity,
i.e. the activity patterns of children and adolescents. Many commercialy available
pedometers provide users estimates of energy expenditure; however, the algorithms
used for these calculations are not appropriate for children (Trost, 2001). A last
disadvantage of pedometers is that they are influenced by factors such as body size
(step length) and speed of locomotion, which make them not really appropriate for
assessing physical activity in (growing) children and adolescents.

Judgement of the described pedometer

The Yamax Digi-Walker pedometer seems to provide valid assessments of the total
volume of physical activity performed by children. It objectively shows information
about step counts and distance. However, because of the mentioned disadvantages, one
should not use this device for children and draw conclusions about energy expenditure.
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One-dimensional accelerometers

Accelerometry-based motion sensors have recently gained acceptance as one of the
most promising methods to assess physical activity. Several studies have tested the
different kind of monitors in laboratory settings as well as under field conditions.
Accelerometers not only reflect the occurrence of body movement, like pedometers, but
also the intensity of movement.

Large Scale Integrated Movement Activity Counter (LS)

The Large Scale Integrated Movement Activity Counter (GMM Electronics Inc.,
Verona, PA) is a device that measures movements in one plane. The activity counter
consists of a cylinder with a ball of mercury. A three percent inclination or declination
causes the closing of a mercury switch. Every 16 movements result in one count. The
LSl measures 3.8 x 4.5 x 2.2 cm and weighs 51 gram (Freedson, 1991) (Table 3.3). It
can be worn on the arm, leg or hip.

Validity and reliability: Klesges et al. (1985) assessed the validity of two motion
sensors in 30 preschool children (1.6-5.7 yr). Results of this study indicated a very
modest relationship between the LSl and physical activity levels observed with the
FATS observationa system (r=0.40, p < 0.01). The correlation between the LS| and the
Caltrac Activity Monitor was r=0.42 (p < 0.01).

The relationship between self-reports of physical activity and the LS| has suggested that
the device may suffer from floor and ceiling effects. The LSl is relatively insensitive to
very low and very high levels of physical activity (Klesges et al., 1985).

Caltrac Activity Monitor

The Cadtrac Activity Monitor (Muscle Dynamics, Torence, CA) is an electronic
accelerometer that monitors vertical acceleration of the body and automatically
computes energy expenditure (kcal) due to physical activity, taking into account the
subject’s height, weight, age and gender. It measures 9.7 x 7.0 x 1.3 cm and weighs 78
gram (Table 3.3). The Caltrac can be worn at the hip. It is not designed or validated to
be worn on the wrist or the ankle. The device can not be used to assess activity patterns
because it does not have data storage capacity.

Validity and reliability: Klesges et al. (1985) reported a correlation of r=0.35 (p < 0.05)
between one hour of direct observation (FATS) of 30 preschool children’s physical
activity (1.6-5.7 yr) during an unstructured free-play situation and the Caltrac. The
correlation between the Caltrac Activity Monitor and the LS| was r=0.42 (p < 0.01). In
another study they reported higher correlations when the observation period was
extended. The correlation between the two methods was r=0.39 for younger children (<
2.6 yr) and r=0.80 for older children (2.7-4.0 yr) with a mean value of r=0.54 (p < 0.01)
for all-day observation (Klesges & Klesges, 1987).

Sallis et al. (1990) examined the validity and reliability of the Caltrac in 15 children (8-
13 yr) during treadmill walking and running. A correlation of r=0.82 was reported
between oxygen consumption and Caltrac data across three treadmill speeds. The inter-
instrument reliability in the laboratory setting was r=0.89. In the same study 35 children
wore the Caltrac and a heart rate monitor for two days. The correlation between
accelerometer data and activity heart rate was r=0.54 (p < 0.001) on the first day and
r=0.42 (p < 0.02) on the second day. Inter-instrument reliability in this field setting was
r=0.96.

Harro (1997) examined the validity of three questionnaires by simultaneously
monitoring heart rate (Sport Tester) and accelerometer data. Sixty-eight children (4-8
yr) were measured on four consecutive days. Correlation between heart rate monitoring
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and Caltrac data was r=0.45 (p < 0.001) for heart rate > 140 beats/ min, and r=0.41 (p <
0.01) for heart rate > 150 beats/ min.

Simons-Morton et a. (1994) also validated the Caltrac against heart rate monitoring.
Twenty-seven 8-year old and 21 10-year old children wore an accel erometer and a heart
rate monitor during one day. Correlations between Caltrac counts and monitored
minutes of heart rate > 180% and > 200% resting heart rate ranged from r=0.55 to
r=0.80.

Biotrainer Monitor

The Biotrainer Monitor (IM Systems, Baltimore, MD) is a new one-dimensional
monitor that is very similar to the Caltrac, the CSA and the Tritrac Activity monitors.
The Biotrainer has the size of the Caltrac Activity Monitor and the time sampling
capability of the CSA and the Tritrac Activity monitors, but it uses a high-speed
sampling technique instead of an integrative approach in which the counts are
accumulated over a specific time interval (Welk et a., 2000a). One mgjor advantage of
the Biotrainer is that this device doesn’t require computer initialization before being
used. This feature makes the Biotrainer very useful for field monitoring. Another
advantage is the cost. The Biotrainer is about haf the price of the CSA or the Tritrac
Activity monitor. A fina advantage is the easy to use interface that facilitates data
analyses (Welk et al., 2003) (Table 3.3). A newer model is the Biotrainer Pro.

Validity and reliability: There is no information available about the validity and
reliability of the Biotrainer for use in children or adolescents.

Computer Science Applications (CSA) Monitor

The CSA Monitor (also known as the MTI accelerometer or the Actigraph) (WAM
7164) is a one-dimensional piezo-electric accelerometer. It is designed to measure
normal human movement using an internal piezo-electric cantilever beam that creates a
charge proportional to the magnitude of the movement. It can detect acceleration
ranging in magnitude from 0.05 to 2.00 G with frequency response from 0.25 to 2.50
Hz. Movement values are accumulated and stored over a specific time period. It can
store data for up to 6 weeks. The CSA Monitor can not be programmed to estimate
energy expenditure.

The accelerometer is small (5.0 x 3.8 x 1.5 cm), lightweight (42 g), and designed to be
unobtrusive (Table 3.3). The accelerometer is housed in a stainless steel case which can
be attached to a belt, wrist or ankle. To dateit is one of the smallest, but most expensive
monitor available. The CSA Monitor has a black box design and therefore attracts little
attention from children. A major advantage of this device is that it can be pre-
programmed and turn itself on or off at a specified time and date.

Validity and reliability: Trost et a. (1998) evaluated the validity and the reliability of
the CSA Monitor in 30 children and adolescents (10-14 yr) using energy expenditure
assessed by indirect calorimetry as a criterion measure. The children performed three 5-
min treadmill bouts at three different speeds wearing an accelerometer at each hip.
Inter-instrument reliability was r=0.87. Activity counts from both CSA monitors were
highly correlated to energy expenditure (r=0.86-0.87, p < 0.001).

Janz (1994) evaluated the validity and utility of the CSA Monitor. Thirty-one children
and adolescents (7-15 yr) wore an accelerometer and a heart rate monitor for 12 hours/
day on three days. Correlations between the data assessed with the two methods ranged
from r=0.50 to r=0.74. The between-day variability was low to moderate (r=-0.21-0.53).
According to Janz more than three days of monitoring are needed to assess physica
activity. Unlike the heart rate monitor the accelerometer was judged as comfortable to
wear and not hindering their activities.
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The within-day reliability of the CSA Monitor ranged between r=0.42 and r=0.47 in
another study of Janz et al. (1995). Thirty children and adolescents (7-15 yr) wore a
CSA Monitor for 12 hours/ day for six days. Correlations rose to r=0.81-0.84 when data
of all six days was used. Acceptable stability measures were achieved with four days of
monitoring.

Physical Activity Monitor (PAM)

The Physical Activity Monitor is a Dutch one-dimensional accelerometer that displays
activities in an activity index, a PAM score. PAM scores range from 10 (sedentary
lifestyle) to higher than 100 (extremely active) (Table 3.4).

Table 3.4 PAM scores and their corresponding activity levels (PAM, 2003)

Activity level PAM score

<20yr 20-40 yr 40-65 yr > 65 yr
Low <30 <20 <15 <10
Slight 30-40 20-30 15-25 10-20
Average 40-60 30-40 25-35 20-30
Active 60-80 40-60 35-50 30-45
Intensive 80-100 60-80 50-70 45-60
Extremely intensive > 100 > 80 >70 > 60

The PAM is5.8 x 4.2 x 1.3 cmin size and weighs 28 gram (Table 3.3). It isdesigned to
stimulate people to develop a heathy and active lifestyle (PAM, 2003). PAM aso
offersarange of possibilities as personal coach viathe internet.

Validity and reliability: To date there is no published information available about the
validity or reliability of this device. The PAM has been validated in adolescents by the
ingtitute for research in extramural medicine (EMGO institute, Amsterdam) lately.

Other one-dimensional accelerometers are the Actitrac Monitor and the Mini Motion
logger Actigraph.

Advantages and disadvantages of one-dimensional accelerometers

In general one-dimensional accelerometers have the same advantages and disadvantages
as pedometers. They are unobtrusive. Most accelerometers discriminate changes in
speed but are insensitive to changes in inclination. They are insensitive to non-
locomotor activities. Accelerometers do no accurately assess the energy expenditure of
cycling (a very common activity in Dutch children and adolescents) for example. Not
all accelerometers are available commercialy.

Judgement of the described one-dimensional accelerometers
Characteristics of the five described one-dimensional accelerometers were judged by
two independent reviewers (Table 3.5).
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Table 3.5 Judgement of the characteristics of the five described one-dimensional
accelerometers

1-D accelerometers Target population Units of Cost Size | Validity | Reliability
measurement

LSI children + ? + +

Caltrac children, + + + + +
adolescents

Biotrainer ? + - +

CSA children, + - + + +
adolescents

PAM adolescents + + +

One-dimensional accelerometers seem to provide objective data about body-movement.
They are small and easy to use. However, they do not detect changes in inclination and
non-locomotor physical activities. Another disadvantage is the high costs compared to
pedometers. So far, only the Caltrac Activity Monitor has shown to be reliable and valid
in studies with children and adolescents. Therefore, in studies examining physical
activity of children one should use other one-dimensional accel erometers with caution.

Three-dimensional accelerometers

Tritrac-R3D Activity Monitor

The Tritrac-R3D Activity Monitor has recently been developed to correct some of the
limitations of one-dimensional accelerometers. The Tritrac is based on the same
accelerometry principles as the Caltrac and CSA monitors but can assess activity in
three dimensions rather than in one. It measures accel eration in three planes (horizontal,
vertical and lateral), and integrates acceleration into a sum of vector magnitude. Other
new developments are the ability to assess on a minute-by-minute basis and a seria
interface that allows it to download data into a computer. It is designed to be attached to
a belt at the waist and can be worn for up to 14 days. The device weighs 170 g and
measures 11.0 x 6.9 x 3.3 cm (Nichols et al., 1999) (Table 3.3). The Tritrac-R3D
Activity Monitor provides information about energy expenditure rate (kcal/ min) and
activity counts. It takes into account the child’ s height, weight, age and gender.

Validity and reliability: Welk & Corbin (1995) evaluated the validity of the Tritrac-
R3D Activity Monitor by monitoring 35 children (9-11 yr) on three school days.
Comparisons were made between data of heart rate monitoring, the Caltrac Activity
Monitor and the Tritrac-R3D Activity Monitor. The Tritrac-R3D Activity Monitor was
moderately, but statistically significantly, correlated with the heart rate monitoring
(r=0.58), and highly correlated with the Caltrac Activity Monitor (r=0.88). It appears
that the Tritrac and the Caltrac are measuring the same thing despite a large difference
in cost (Catrac $90 versus Tritrac $500), and in technological sophistication (one-
dimensiona versus three-dimensional). The correlations between the Tritrac-R3D
Activity Monitor and the heart rate monitoring were highest during free-play situations
and were lower when activity was more limited (class time) or structured (physical
education).

No data has been reported about the reliability or calibration of the Tritrac-R3D with
children, but the results for adults look promising. Nichols et al. (1999) assessed the
validity and reliability of the Tritrac-R3D with 60 adults in a laboratory setting. The
data indicated that the device is highly reliable from day to day and is sensitive to
changes in speed during treadmill walking and running but not to inclination. The
Tritrac-R3D accurately distinguished various intensities of walking and jogging, but is
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assumed to be insensitive to several other common activities as cycling. Welk et a.
(2000a) found a test-retest reliability of r=0.96 when evaluating the Tritrac-R3D and
two other activity monitors.

Tracmor

The Tracmor (Philips Research, Eindhoven, the Netherlands, Model 2) is a Dutch three-
dimensiona accelerometer. Unlike the previous models the sensor and data acquisition
are combined in one system. It weighs 30 gram and measures 7.0 x 2.0 x 0.8 cm
(Westerterp, 1999b) (Table 3.3).

Validity and reliability: To date there is no information available about the validity or
reliability of thisdevicein use for children or adolescents.

DynaPort MiniMod

The DynaPort MiniMod (McRoberts B.V., The Hague, the Netherlands) is a Dutch
modular product line of ambulatory monitors and a remote control unit for
synchronisation and event logging. The first module is a three-dimensiona
accelerometer (TRIACC). It is developed for monitoring human posture and gait
parameters and can be used for diagnostics, treatment, evaluation and aftercare. There
are severa prototypes. DynaPort MiniMod prototype 3 weighs 70 gram, and measures
55x 3.5x 2.5 cm (Table 3.3). The sample frequency is 100 Hz. It is powered with two
AAA cells and can measure up to three days. It can be worn around the waist (at the
dorsa side of the lower trunk) with everyday clothing. Outcome measures are: gait
parameters (e.g. step length and walking speed), activity counts, postures, balance, and
energy expenditure of locomotion (Van Lummel et al., 2003a; Van Lummel et a,
2003b).

Validity and reliability: To date no published information is available yet about the
validity or reliability of this device in use in children or adolescents. At the moment
severd pilot studies take place in hedthy as well as in chronically ill subjects (e.g.
COPD, cerebra palsy, hemiplegia, leg length discrepancy, knee and hip replacement).
In the Netherlands the University of Maastricht and the University of Utrecht will
validate the DynaPort MiniMod in children.

Another three-dimensional accelerometer is the RT3 Accelerometer (Stayhealthy, Inc.,
Monrovig, CA) (Powell et al., 2003).

Advantages and disadvantages of three-dimensional accelerometers

Despite a large difference in cost and technological sophistication it seems that three-
dimensional accelerometers have the same advantages and disadvantages as pedometers
and one-dimensional accelerometers. Three-dimensional accelerometers are insensitive
to many forms of physical activity. Prediction equations assume steady-state exercise
over a 1-min period, which is not always true in children and adolescents. Another
disadvantage is the conversion of the output in units of energy expenditure. Unlike
pedometers and one-dimensional accelerometers however they are better capable of
detecting the intermittent activity patterns of children.

Judgement of the described three-dimensional accelerometers
Characteristics of the three described three-dimensional accelerometers were judged by
two independent reviewers (Table 3.6).
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Table 3.6 Judgement of the characteristics of the three described three-dimensional

accelerometers

3-D accelerometers Target Units of Cost | Size | Validity Reliability
population measurement

Tritrac-R3D children + - + + -

Tracmor ? + ? + - -

DynaPort MiniMod children + - + - -

adolescents

In general, three-dimensional accelerometers seem to provide more information about
energy-expenditure than the other methods mentioned before. However, no data are
available about the reliability and calibration of the instruments. At last, the devices are
very expensive and more sophisticated technologically, but still don't detect non-
locomotor and static physical activities.

Other motion sensors
A completely different form of a motion sensor is the pressure-sensitive electrica
resistor placed in the shoe. So far, no reliable counters have been developed. Other
motion sensors include the: actometer, biomotometer and the Mini-Mitter 2000 (a leg
vibration sensor) (Treuth et al., 1998).
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Subjective methods to assess physical activity in children
and adolescents

In this chapter four subjective methods to assess physical activity in children and
adolescents are discussed including: direct observation, questionnaires and diaries,
interviews, and proxy reports.

Direct observation

One of the most basic approaches to assess physical activity in children and adolescents
is direct observation. Observation can provide information on the type of activity in a
variety of field settings for variable lengths of time. Recent technological developments
permit complex observational codes to be entered, stored and analysed by portable
computers.

Characteristics of the reported observation methods are summarized in Table 4.1.

System for Observing Fitness Instruction Time (SOFIT)

SOFIT is an observation method to evaluate the amount of time children spend in
moderate to vigorous physical activity during physical education class (Table 4.1).
Energy expenditure and energy expenditure rate of each child can be estimated
(McKenzieet al., 1996).

Validity and reliability: In the Child and Adolescent Trial for Cardiovascular Health
(CATH) with 5106 children (8-10 yr) the inter-observer reliability of all activity and
lesson context variables of the SOFIT observation method ranged between r=0.94-0.99
(McKenzie et al.,1996). SOFIT activity codes have been validated and calibrated in
other studies. The activity codes correlated highly with Caltrac accelerometer data.

Children’s Physical Activity Form (CPAF)

The Children’s Physical Activity Form is another observation method and can be used
to evaluate a fitness-oriented physical education curriculum (Table 4.1). Children are
scored each minute on four categories representing different levels of intensity of
movement. The first category is the ‘stationary, no movement’ category. It represents
occasions in which there is no movement to another point in space and virtualy no
purposeful limb movement. The second category, ‘ stationary, limb movement’, includes
periods in which there is limb movement, but no trunk movement. The third category is
‘dow trunk movement’. Examples of activities in this category are: walking, sit ups,
and trunk twisters. The last category is ‘rapid trunk movement’ and includes activities
as running and rope jumping (O’'Hara et a., 1989). Each category can be reported only
once a minute. For every observed minute an activity point score can be calculated.
MET? values can be assigned to calcul ate energy expenditure.

Validity and reliability: O'Hara et al. (1989) assessed the validity of the CPAF in 36
children (8-10 yr). They were observed during physical education class and were
wearing a heart rate monitor. Heart rate in the previous minute was significantly
correlated with the observed activity point score (r=0.64 (0.26-0.90)). In another study
the inter-observer agreement was obtained. Average inter-observer agreement ranged
between 96%-98% across three years.

¥ MET = metabolic equivalent. One MET equal s oxygen consumption at rest which is about 3.5 mi/ kg/ min.
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System for Observing Play and Leisure Activity in Youth (SOPLAY)

SOPLAY is designed to obtain observationa data on the number of children and their
physical activity levels during play and leisure activities in a specified activity area
before school, during lunch time, and after school (Table 4.1) (McKenzie et al., 2000).
SOPLAY is based on momentary time sampling techniques in which systematic and
periodic scans of individuals and contextual factors are made. The predominant type of
activity is classified for each predefined area (Table 4.2). The activity leve is
mechanically and electronically coded as sedentary (lying, sitting or standing), walking
or very active. Separate scans are made for girls and boys. Other factors that are
recorded are: time of day, temperature, area accessibility, area usability, presence of
supervision, presence and classification of organized activity, and equipment
availability. To reliably observe all aspects, atraining of at least 20 hoursis required.
Depending on the research question (gender, school, period, area) raw counts in each
activity level are aggregated. The counts can be transformed into estimates of energy
expenditure rate based on constants for each level of activity. The number of intervals
(minutes) counted in the sedentary, walking, and very active categories are multiplied
by the constants 0.051, 0.096, and 0.144 kcal/ kg/ min, and the child’s weight. These
constants were derived from a previous study of McKenzie et al. (1991) with 19
children aged 4 to 9 years old who wore a heart rate monitor while being observed. A
third score that can be calculated is the moderate to vigorous physical activity score that
can be obtained by summing the time spent in walking and very active categories.

Table 4.2 Physical activity codes of SOPLAY (McKenzie, 2002)

Physical activity codes

. ho specific activity (sit, stand, walk)
. aerobics (dance, step aerobics)

. baseball/ softball

. basketball

. dance (ballet, country, line)

. football

. gymnastics

. martial arts (judo, karate)

. racquet sports (tennis, badminton)

© 00 N O 0o~ W N -, O

. soccer

10. swimming

11. volleyball

12. weight training/ lifting

13. playground games (e.g. tetherball, 4-square)

14. none of the activities above

Validity and reliability: McKenzie et a. (2000) examined the reliability and validity of
the SOPLAY observation method. Systematic observations were made of children (11-
13 yr) during three days at 24 schools over 20 weeks. Inter-observer agreement (80%)
and intraclass correlation (r=0.75) met acceptable criteria for reliable assessment during
14 days of field assessment. Across three measurement days the intraclass correlation
for estimating energy expenditure was r=0.88 for boys, and r=0.75 for girls suggesting
that three, respectively four days of observation are needed to reach areliability level of
r=0.80. Correlations of observed moderate to vigorous physical activity and self-
reported physical activity before school, at lunch time, and after school were r=0.71,
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r=0.73, and r=0.35, respectively, providing initial support for the concurrent validity of
SOPLAY.

Children’s Activity Rating Scale (CARS)

The Children’s Activity Rating Scale is a scale for 3- to 5-year old children designed to
evaluate children’s physical activity involvement during periods of investigator
observation (Table 4.1). Children are observed for 6 to 12 hours per day. The intensity
of their activities is scored on a five-point scale from stationary till very fast movement
(Table 4.3). The five categories of physical activity reflect levels of energy expenditure.
The categories are based on research on measured energy expenditure in children
during physical activity, energy cost of various physical activities in adults, the
relationship between the amount and type of movement and energy expenditure, and
research of heart rate monitoring in children during physical activity (Puhl et al., 1990).
Activities were assigned to the five levels based on the amount of body movement and
the estimated intensity of the activity. In general, level 1 and level 2 activities have no
cardiovascular or aerobic training effects.

Observers are trained for approximately 30 hours over an 8-week period using
videotapes and group discussions. The trained observer records the activity level
continuougly at the start of each minute and any subsequent changes of activity level
during this minute. It can be recorded into a portable computer. Each activity level can
not be coded more than once each minute. There are several methods of scoring the
observed data. One can calculate the mean CARS score across minutes. Other indices
are the percent of time that activity was recorded at level 3, 4 or 5, the percent of time at
which only level 3, 4 or 5 was recorded, the percent of time at which level 4 or 5 was
recorded, and the percent of time only level 4 or 5 was recorded (Durant et a., 1993a).
CARS scores can a so be used to estimate energy expenditure.

Table 4.3 The five activity levels of the CARS (Durant et al., 1993a)

Level/ description Expected heart Examples of physical activities
rate (beats/ min)

1. stationary — no movement <100 lying, sitting

2. stationary — with movement 100 - 119 standing/ colouring, standing/ ball
activity

3. translocation — slow/ easy 120-139 walking 2.5 mph, 0% grade

4. translocation — medium/ moderate 140 - 160 walking 2.5 mph, 5-10% grade

5. translocation — fast/ very fast/ > 160 walking 2.5 mph, 15% grade

strenuous

Validity and reliability: Puhl et al. (1990) examined the reliability of the CARS. The
CARS was used by 11 trained observers over a 12-month period to assess physical
activity in children (3-4 yr) in a variety of field settings, including home, playground,
and school. The mean percent agreement between observers for 389 paired observations
was 84.1% + 10.1. Twenty-five 5- to 6-year old children participated in a calibration
study. The VO, and heart rates were measured while performing eight activities
representing the five CARS levels. VO, values and heart rates values were significantly
different between levels, which supports the capability of the CARS to differentiate
between intensities of energy expenditure and heart rate. No child reactivity problems
were recorded in 93% of the reportsfilled in by the observers.

Durant et a. (1993a) examined the reliability of the CARS in 180 preschool children (3-
4 yr) from three different ethnic groups. CARS scores were measured by two trained
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observers for up to 12 hours a day. The mean inter-observer agreement was 84.1% (£
10.1). The data showed that the activity levels of the children varied substantially
throughout the day and across days. Single measurement reliabilities ranged from
r=0.18 to r=0.21. Between-day reliabilities ranged from r=0.53 to r=0.59.
Approximately 16 days of all day observation would be needed to raise the reliability to
r=0.80. It appeared there were no significant ethnic or day of the week differencesin the
activity levels. Boys had higher activity levels than girls and higher activity was
performed in the summer and fall than in winter or spring.

No information is available about the validity of the CARS.

Other observation methods are the Activity Patterns and Energy Expenditure (APEE)
observation method and the Fargo Activity Time sampling Survey (FATS)
observational system (2-4 yr).

Advantages and disadvantages of direct observation

An advantage of direct observation is that this method of assessing physical activity
does not require equipment that can hinder children in their movements. It provides
information on the specific type of activity that occurs. Observation can take place in a
variety of settings for variable lengths of time. Disadvantages of observation are: it is
time-consuming, it is labour intensive and trained observers are needed. Therefore this
method isimpractical for large-scale research.

Judgement of the described observation methods
Characteristics of the four described observation methods are summarized by two
independent reviewers (Table 4.4).

Table 4.4 Judgement of the characteristics of the four described observation methods

Direct Target Units of Training Validity | Reliability

observation population measurement time

SOFIT children + + + +

CPAF children + + + +

SOPLAY children, + - + +
adolescents

CARS children + - - +

As can be seen observational systems for assessing the physical activity level of
adolescents were not frequently located. Only one of the four observation methods
mentioned, has been tested for use with children beyond 12 years old.

Observation is a useful method to obtain information about the physical activity of
(especialy) younger children, in whom accurate and self-reported data are more
difficult to assess. It can be used for small to moderate sample sizes.

Self-reports

Due to limited time and manpower self-reports are very popular in large-scale
epidemiologic studies. Self-reports include: questionnaires and dairies, interviews, and
proxy reports.

Characteristics of self-reports are summarized in Table 4.8.
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Questionnaires and diaries
Investigators typically select or develop questionnaires and diaries based on the needs
of the particular study.

Physical Activity Questionnaire corresponding to the Dutch physical activity guideline
TNO Prevention and Health and TNO Work and Employment often use two questions
to differentiate populations into physical active and physical inactive individuals
according to the Dutch physica activity guideline (NNGB) (Table 4.8). The questions
are: How many days a week do you have physical activities for at least 30 (adults)/ 60
(children) minutes a day in the summer/ in the winter? According to the Dutch physical
activity guideline children should be physically active for at least 60 minutes a day
(Kemper et al., 2000).

Validity and reliability: Urlings et a. (2000) examined the validity of this questionnaire
in 213 adults (20-68 yr) and 168 children (4-12 yr). They completed the short
guestionnaire and a more comprehensive Dutch questionnaire, the POLS (Permanent
Onderzoek Leefsituatie, > 12 yr, CBS), in which frequency, time, and type of activity
are asked. Children who were considered to be active according to the simple
guestionnaire did not have a significantly higher activity score according to the POLSin
comparison with children who were considered to be inactive. Depending on the
definition of ‘active’ (> 5, > 6, and 7 days a week) versus ‘inactive’, the simple
guestionnaire misclassified 23-39% of the children when compared with the POLS
guestionnaire.

Short Questionnaire to Assess Health enhancing physical activity (SQUASH)

The SQUASH is a short Dutch questionnaire developed by the National Institute of
Public Health and the Environment (RIVM) in consultation with TNO Prevention and
Health. It is designed to form a picture of the habitual physical activity level of subjects
of 12 years and older (Botterweck et al., 2003; Wendel-Vos & Schuit, 2002). It is not
designed to measure energy expenditure. The SQUASH consists of 12-15 questions
(Table 4.8). It takes about 3-5 minutes to complete the form (Wendel-Vos et al., 2003).
The questions are divided in four categories. 1.) physical activities in commuter traffic;
2.) physical activities at work/ school; 3.) household physical activities; and 4.) leisure
time physical activities (e.g. sports, recreational activities) (Table 4.5). The subject has
to indicate how many days per week, how much time per day, and how intense he/ she
performed certain activities in an average week in the past months.

Table 4.5 Questions in each category (Wendel-Vos & Schuit, 2002)

Category Questions

Commuter traffic Walking to/ from work or school
Cycling to/ from work or school

Physical activities at work/ school Light and moderate physical activities at work
Vigorous physical activities at work

Household physical activities Light and moderate household activities
Vigorous household activities

Leisure time physical activities Walking
Cycling
Gardening

Doing odd jobs, repairing
Sport




TNO report | PG/B& G/2003.333 | January 2004 | 37/68

By multiplying frequency by duration, total minutes of activity per week can be
calculated. The total weekly activity score is calculated by multiplying total minutes of
activity by the intensity score. The intensity score is based on Ainsworth's
Compendium of Physical Activities (1993) in which MET values are assigned to
physical activities, and the reported effort (Table 4.6). Activities are divided in light,
moderate, and vigorous intensity categories taking into account the age categories of the
Dutch guideline (Table 4.7). A last outcome measure is the compliance with the Dutch
physical activity guideline.

Table 4.6 Intensity scores based on Ainsworth’s Compendium and self-reported
intensity (Botterweck et al., 2003)

Intensity Ainsworth’s Self-reported intensity

Compendium & Slow/ light Moderate Fast/ vigorous
NNGB

Light 1

Moderate

Vigorous 7 8

Table 4.7 MET values of light, moderate, and vigorous intensity taking into account the
subject’ s age (Botterweck et al., 2003)

Age Light Moderate Vigorous
<18yr <5 METs 5-8 METs 28 METs
18- 55 yr <4 METs 4-6.5 METs 2 6.5 METs
255 yr <3 METs 3-5 METs 25 METs

Validity and reliability: To date nothing is published about the validity or reliability of
this questionnaire in use in children or adolescents. Recently an adjusted version of the
SQUASH has been tested in adolescents by the institute for research in extramural
medicine (EMGO institute, Amsterdam), but no information is available yet.

The validity and reliability of the questionnaire has been examined in adults (Wendel-
Vos et a., 2003; Wendel-Vos & Schuit, 2002). The correlation between CSA Activity
Monitor data and the SQUASH was r=0.45 (0.17-0.66). The test-retest reliability of the
guestionnaire was r=0.58 (0.36-0.74).

Habitual Activity Estimation Scale (HAES)

The Habitual Activity Estimation Scale is another Dutch gquestionnaire. It is developed
by the UMC Utrecht and requires children to report the time they spent in four activity
levels on a usual school day and a weekend day in the previous two weeks (Table 4.8)
(Klijn, 2001). The four activity levels are: inactive (deeping, resting), somewhat
inactive (e.g. ditting, reading, watching television), somewhat active (e.g. walking,
shopping, household physical activities), and very active (e.g. running, jumping, and
swimming). The HAES consists of 29 questions.

Validity and reliability: To date no published information is available about the validity
or reliability of this questionnaire. Recently the reliability of the HAES has been
examined.

Physical Activity Rating Instrument (PARI)
The Physical Activity Rating Instrument is a normative one-item rating scale that
requires children to rate their activity level in comparison with their peers (of the same
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age and sex). They can rate their activity level from 1 (much less active than others) to
7 (much more active than others) (Table 4.8).

Validity and reliability: The PARI has been vaidated by Janz et a. (1995). Thirty
children and adolescents (7-15 yr) wore an accelerometer for 12 hours/ day for six days
and filled in the scale twice. Correlations between the CSA Monitor and the scale
ranged from r=-0.03 to r=0.17. Test-retest reliability was r=0.85.

In a study of Sdlis et a. (1993a) the test-retest reliability was r=0.89 for rating the
physical activity level within two weeks. In a group of 102 children and adolescents
(10-16 yr) they also compared energy expenditure estimated by the 7-d Physica
Activity Recall and the Godin-Shephard Physical Activity Survey with the Physica
Activity Rating Instrument. Correlations with the 7-d PAR ranged from r=0.07 for 11th
graders (16 yr) to r=0.38 for the younger age groups, and from r=0.15 to r=0.52 for the
Survey. Highest correlations were found for the youngest subjects.

Godin-Shephard Physical Activity Survey

The Godin-Shephard Physical Activity Survey is a self-report measure developed by
Godin and Shephard. Subjects report the number of times in an average week they
spend more than 15 minutes in activities that are classified as mild (3 METSs), moderate
(5 METS), or strenuous (9 METS). A total score can be derived by multiplying the
frequency of each category by the MET value (Table 4.8).

Validity and reliability: Sallis et al. (1993a) assessed the validity and reliability of the
Godin-Shephard Physical Activity Survey and two other self-report measures. Subjects
were 102 children and adolescents (10-16 yr). Test-retest reliability of two surveys
collected within two weeks was r=0.81. Reliability improved with age, but was
significant at all ages. Correlations between energy expenditure estimated by the
Survey, the 7-d Physical Activity Recall, and the PARI ranged from r=0.32 to r=0.60,
and from r=0.15 to r=0.52, respectively.

3-d Sweat Recall

The 3-d Sweat Recall requires children to report the number of episodes in which they
were sweating or breathing hard due to physical activity in the last three days (Table
4.8). Episodes were defined as sports, games, play, work, or movement that lasted
approximately 20-90 minutes. An advantage of the 3-d Sweat Recall is that is does not
rely on the cognitive ahilities of children to recall the precise time they spent in certain
activities. A disadvantage of the 3-d Sweat Recall is that young children have lower
sweat rates than adults. Thus it may be inappropriate to use a sweat recall to estimate
physical activity in preadolescent children.

Validity and reliability: Test-retest reliability was r=0.30 in a study of Janz et al. (1995)
with 30 7- to 15-year old children. Correlations between a CSA accelerometer and the
3-d Sweat Recall ranged from r=0.46 to r=0.51 (p < 0.05).

3-d Aerobic Recall

The 3-d Aerobic Recall requires children to report the number of episodes in the last
three days which caused them to sweat or to breathe hard for at least 20 minutes (Table
4.8).

Validity and reliability: The 3-d Aerobic Recall has been validated by Janz et al. (1995).
Thirty children and adolescents (7-15 yr) wore an accelerometer for 12 hours/ day for
six days and filled in the scale twice. Correlations between the CSA Monitor and the
scale were not significant and ranged from r=0.05 to r=0.39. Test-retest reliability was
r=0.54.
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Physical Activity Questionnaire for Older Children (PAQ-C)

The Physical Activity Questionnaire for Older Children is a self-administered 7-d recall
guestionnaire to assess habitual moderate to vigorous physical activity in older children
(> 8 yr) (Table 4.8). The PAQ-C was developed through a multi-step process. A list of
possible items was generated and tested in a sample of school children (9-13 yr). A
revised version of the questionnaire was developed based on feedback of the tested
children, research assistants, and item analysis. The final PAQ-C consists of ten items,
of which nine are used to calculate a summary activity score. The first question is an
activity checklist consisting of common physical activities (i.e. sports, leisure activities,
games). It is primarily meant to act as a memory cue. Six questions assess physical
activity in physical education class, recess, lunch, after school, in the evening, and on
weekend days. Children are asked to score a statement describing low to very high
activity levels. The last question asks the children how often he/ she did physical
activity for each day of the week. From these questions a final PAQ-C is calculated. It
can range from one to five. The questionnaire is not meant to be used to estimate energy
expenditure.

Validity and reliability: Crocker et a. (1997) investigated the psychometric properties
of the PAQ-C in school children (8-16 yr). They concluded that the PAQ-C had
acceptable item and test score characteristics such as item distribution, item-total
correlations, and internal consistency (Cronbach's apha = 0.79-0.89). Test-retest
reliability after one week was r=0.75 for boys, and r=0.82 for girls. Crocker et al.
examined the reliability of using an average of two or three activity scores from
different seasons. Generalizability coefficients exceeded 0.80 for either the average of
two or three final PAQ-C scores for both younger (< 13 yr) and older children. The
PAQ-C was sensitive for activity differences between boys and girls and differences
across seasons.

There is no information available about the validity of the PAQ-C.

PACE+ Adolescent Physical Activity Measure

The PACE+ Adolescent Physical Activity Measure is a screening measure for
adolescents. It was developed to identify individuals not meeting physica activity
guidelines in a PACE+ (Patient-Centred Assessment and Counselling for Exercise Plus
Nutrition) physical activity computer-based intervention in primary care (Prochaska et
al., 2001). The PACE+ questionnaire consists of two questions. It measures the number
of days the subject has accumulated 60 minutes of moderate to vigorous physical
activity (MVPA) in the previous week and in a typical week (Table 4.8). A combined
average of the two items yields a score of days per week the adolescent accumulated 60
minutes of MVPA. If the combined score is five or more days per week the physical
activity guidelineis met.

Validity and reliability: Prochaska et a. (2001) conducted three studies to evaluate the
reliability and validity of different versions of the PACE+ Adolescent Physical Activity
Measure. The final version was tested in 138 adolescents. The combined MV PA score
correlated significantly with CSA accelerometer data (r=0.40, p < 0.001). Test-retest
reliability ranged from r=0.53 for a retest at up to one month, to r=0.88 for a same-day
retest. The correct classification rate (63%), sensitivity (71%), and false-positive rate
(40%) were reasonable for usein clinical settings.

Previous Day Physical Activity Recall (PDPAR)

The Previous Day Physical Activity Recall is a questionnaire to assess children’s
previous day’'s physical activities for the after school hours (3.00-11.30 p.m.) (Table
4.8). A one-day recall period was chosen because in general young children have



40/ 68

| TNO report | PG/B& G/2003.333 | January 2004 |

difficulties in recalling their physical activity behaviour over longer time periods. The
PDPAR is divided in 17 30-minute time intervals to improve recall. To further enhance
the accuracy of recall, alist of common physical activitiesis provided. These activities
are grouped in the following categories. sleeping/ bathing, eating, transportation, work/
school, spare time, play/ recreation, and exercise/ workout. The child records the
activity and the corresponding intensity of the activity for each 30-minute interval. For
each level of intensity (very light, light, medium, and hard) a cartoon illustration is
provided. By assigning a MET value to each reported activity and intensity, physical
activity energy expenditure can be estimated. The PDPAR can aso be used to record
individual bouts of physical activity at or above specified levels of energy expenditure.
The amount of sedentary activities can also be recovered.

Validity and reliability: Weston et al. (1997) evaluated the PDPAR in 119 adolescents
(12-18 yr). The inter-rater reliability for scoring the PDPAR was r=0.99 (p < 0.01),
which means that the scoring protocol of the PDPAR can be used consistently by
different investigators. Test-retest reliability was reported as the correlation between the
estimated energy expenditure determined from two PDPAR forms completed within
one hour. Test-retest reliability was r=0.98 (p < 0.01). The validity of the PDPAR was
examined in 48 adolescents by a pedometer, a Catrac accelerometer, and in 26
adolescents by a heart rate monitor (Polar Vantage XL). The Pearson correlation
coefficient between total pedometer count and estimated total energy expenditure was
r=0.88, and r=0.77 between Caltrac counts and egtimated energy expenditure.
Percentage of heart rate reserve for each 30-minute interval and estimated rate of energy
expenditure in the same interval generally failed to reach statistical significance and
ranged between r=-0.62-0.90. Only mean energy expenditure derived from type of
activity and intensity were found to be significantly related to percentage of heart rate
reserve for the after school period (r=0.53, p < 0.01). Weston et al. concluded that
adolescents can recall with accuracy the type and level of intensity of their physical
activities but often do not accurately recall the exact time period during which they
engaged in these activities.

Self-administered Physical Activity Checklist (SAPAC)

The SAPAC assesses the participation of the child in physical activity, both in and out
of school. The children report the number of minutes they spent on the previous day in
various common physical activities and some sedentary activities (Table 4.8)
(McKenzie et a., 1996). To help the children to recall their activities a list of 21
activities is provided. Watching television/ video, and playing computer games is also
reported. The child is instructed to report engaging in an activity only if they performed
them for more than 5 minutes at a time. Children are aso instructed to report the time
they were really active and not to include time they were resting or waiting on their
turn. In addition to time, children are asked to report if the activity caused them to
breathe hard or feel tired none, some, or most of the time. This rating provides a
subjective index of intensity.

The self-reported data can be summarized with the following five outcome measures:
minutes in sedentary activities, number of activities, minutes spent in moderate to
vigorous physical activities, physical activity MET score, and weighted activity MET
score. Mean administration time for the SAPAC is about 35 minutes (Salis et al.,
1996).

Validity and reliability: The questionnaire has been validated by Sallis et a. (1996) in a
multiethnic population of 10-year old children. Fifty-five boys and 70 girls
simultaneously wore an accelerometer and a heart rate monitor for at least 8 hours the
day before the questionnaire was filled in. SAPAC scores correlated significantly with
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an interview form of the questionnaire (PACI) (r=0.76). The correlations between the
different outcome measures of the SAPAC and heart rate ranged from r=0.28 for
number of activities to r=0.60 for physica activity MET score. Correlations for the
different SAPAC scores and Caltrac accelerometer counts ranged from r=0.02 to
r=0.32. Sdllis et a. concluded that although children overestimate the absolute amount
of minutes of physical activity, their reports are useful as measures of relative amount
of physical activity.

Yesterday Activity Checklist, Weekly Activity Checklist, Weekly Activity Sum, 7-Day
Activity Tally

Sallis et al. (1993b) developed four forms of questionnaires to assess physica activity
in children (9 yr) before and after school (Table 4.8). The 7-Day Tally asks the child to
report the number of days they performed activities in the previous week that were hard
enough to make them get tired, breathe hard, or sweat. The Yesterday Activity
Checklist, the Weekly Activity Checklist, and the Weekly Activity Sum provide alist of
20 physical activities commonly performed by children of that age. Children report if
they were engaged in these activities or not in the previous day or week. They are only
reported if the activities lasted 15 minutes or more. Each activity is assigned a MET
value. Light activities are scored as 3 METs, medium activities as 5 METSs, and hard
activities as 9 METs. By multiplying the frequency of each activity by it's assigned
MET value, energy expenditure can be calculated. Because recall of physical activity is
acomplex cognitive task careful administration procedures are described in the protocol
to prepare the children for the assignment.

Validity and reliability: Sallis et al. (1993b) evaluated the test-retest reliability and the
validity of the four questionnaires by comparing the data with Caltrac accelerometer
data. Sixty-six children (9 yr) wore an accelerometer for three days. Three-day interval
reliability was r=0.60 for the Yesterday Activity Checklist, r=0.74 for the Weekly
Activity Checklist, r=0.51 for the Weekly Activity Sum, and r=0.68 for the 7-Day
Activity Taly. Correlations between MET scores or number of days moderate to
vigorous physical activity was performed, and Caltrac activity counts ranged between
r=-0.10 and r=0.40. The reliability and validity data provided some support for the use
of the Weekly Activity Checklist and the Y esterday Activity Checklist.

Other examples of questionnaires and diaries are: The Amsterdam Growth Study
Questionnaire (VU, Amsterdam, the Netherlands), the Jump-in questionnaire (GG& GD
Amsterdam, the Netherlands), the 3-month Activity Recall, the Child/ Adolescent
Activity Log, the Physical Activity Questionnaire for Adolescents, the Amherst Health
and Activity Study (AHA), adult survey of child health habits and student survey, and
Sports, Play, and Active Recreation for Kids (SPARK) physical activity self-reports.
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Interviews

7-day Physical Activity Recall (7-d PAR)

The 7-d Physical Activity Recall is an interview that provides insight in the physical
activity of asubject of the previous week (Table 4.8). At first it was only used in adults,
nowadays it is also used in adolescents and children. During the interview the child is
asked to recall time spent sleeping, and performing moderate, hard, and very hard
physical activities over the past week. Time spent in light activities can be estimated by
subtraction. Only bouts of activity longer than 15 minutes are included. Week days and
weekend days are scored separately. The interview protocol uses a segmented recall
format that allows a subject to recall activities in the morning, afternoon, and evening.
Examples that fit into each category are provided on a paper and are described by a
(trained) interviewer. Outcome measures are total time spent in each category per day
and per week, and estimated energy expenditure (Welk et a., 2000c). The interview
takes about 10-15 minutes.

Validity and reliability: The reliability and the validity of the 7-d PAR have been
examined by Sallis et al. (1993a). A hundred-two children and adolescents (10-16 yr)
reported their physical activities with three different self-report methods. To validate
the 7-d PAR, heart rate monitors (Heart Watch) were used. The 7-d PAR was
administered several times. Test-retest reliabilities ranged from r=0.54 to r=0.77 for the
five outcome measures. The highest test-retest correlation was found for estimated
energy expenditure. Three mediators of the reliability of recalls were found: length of
the interval between recall, gender, and memory skills. Reliability decreased from
r=0.79 after a 2-3 day interval to r=0.45 after a 4-6 day interval. The selection of seven
days as the period of recall appears to be at the limit of children’s ability to recall. In
general, 7-d PAR scores of very hard activities correlated well with heart rates > 140
(r=0.44, p < 0.001) or > 160 beats/ min (r=0.53, p < 0.001). Validity improved with age
(20 yr: r=0.33/ 0.29; 13 yr: r=0.36/ 0.45; 16 yr: r= 0.57/ 0.72).

Minnesota Leisure Time Physical Activity Questionnaire (MLTPAQ)

The MLTPAQ is an interview to assess what type of physical activities the subject has
been doing in the last year. The subject also estimates the duration of the different
activities in minutes per week for each season. The time is then multiplied by a MET
value to obtain the total energy expenditure. It was originally designed for adults (Table
4.8).

Validity and reliability: The MLTPAQ has been validated for use with adolescents by
Slinde et al. (2003). Thirty-five adolescents (15-17 yr) were interviewed using the
MLTPAQ and an extended version of the MLTPAQ with additional questions about
inactivity during leisure time (eMLTPAQ). Next to these two methods total energy
expenditure was assessed by the doubly labelled water method over a 14-d period.
Energy expenditure estimated by the interview correlated well with the measured
energy expenditure (r=0.49, p < 0.01), and the correlation increased (r=0.73, p < 0.01)
when including questions about inactivity (e.g. eeping time, homework, watching
television, computer games). Although the interviews underestimated total energy
expenditure, the MLTPAQ and the eMLTPAQ seem to be valid methods to rank
adolescent’ s energy expenditure and to describe leisure time physical activity patterns.
There is no information available about the reliability of the MLTPAQ or the
eMLTPAQ.

Physical Activity Interview (PAI)
In the Physical Activity Interview a child is questioned by a trained interviewer about
the type and amount of physical activity the child performed in the previous day (Table
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4.8). Interviewers were trained for three hours to learn how to use the PAI protocol and
obtain interviewing skills. Prior to data collection they complete three practice
interviews. The PAI protocol requires the interviewer to account for the child's time
before school, during school, after school, and dinner. Special attention is paid to
moderate to vigorous physical activities. It takes about 12 minutes to complete an
interview (Simons-Morton et al., 1994). The outcome measure of the PAI is the amount
of time spent in moderate to vigorous physical activities (MVPA).

Validity and reliability: The vaidity of the PAI was examined by Simons-Morton et al.
(1994) by comparison with monitored heart rates. Twenty-seven 8-year old children and
21 10-year old children wore a Caltrac accelerometer and a heart rate monitor for one
day. The next day they were interviewed with the PAl. They also completed the
Physical Activity Record (PAR) to help the children to recal their activities of the
previous day. Correlations between reported MVPA time and monitored time heart
rates > 180% and > 200% of the rest heart rate was r=0.72 for 10-year olds and r=0.57
for 8-year olds. Correlations between Caltrac counts and reported minutes was r=0.63
for 10-year olds and r=0.80 for 8-year olds. In general, reported time spent in moderate
to vigorous physical activities was overestimated in the interview. According to the
investigators of the study this may have been due to the children’s limited ability to
recall, or their tendency to report the minutes they were involved in the activity rather
than the amount of time they were truly active. For future use of the PAI they added a
column ‘true minutes’ to the interview form.

Thereis no information available about the reliability of the PAI.

Physical Activity Checklist Interview (PACI)

The PACI is an interview form of the SAPAC (Table 4.8). The PACI was developed to
obtain information about the physical activity level of 10-year old children. Children
have to report the time they spent in various common physical activities and some
sedentary activities during three time periods of the previous day: before school, during
school, and after school. The child is instructed to report engaging in an activity only if
they performed them for more than five minutes at atime. In addition to time, children
rate the intensity of each activity.

The self-reported data can be summarized with the following five outcome measures:
minutes in sedentary activities, number of activities, minutes spent in moderate to
vigorous physical activities, physical activity MET score, and weighted activity MET
score. Mean administration time of the PACI is about 18 minutes (Sallis et al., 1996).
Validity and reliability: Salis et al. (1996) vaidated the PACI against monitored heart
rate data (Heart Watch) and accelerometer counts in 125 children (10 yr). PACI scores
correlated significantly with a self-administered form of the questionnaire (SAPAC)
(r=0.76). The correlations between the different outcome measures of the PACI and
heart rate ranged from r=0.22 for number of activities to r=0.54 for weighted physical
activity MET score. Correlations for the different PACI scores and Catrac
accelerometer counts ranged from r=0.10 to r=0.38. Sallis et a. concluded that although
children overestimate the absolute amount of minutes of physical activity, their reports
are useful as measures of relative amount of physical activity and thus to rank groups.

Proxy reports

Not all children are capable of understanding or reading questionnaires or diaries.
Especialy in young children (< 8 yr) proxy reports are used. In proxy reports a person
proximate to the child answers for the child.



TNO report | PG/B& G/2003.333 | January 2004 | 47/68

Parent and teacher report of physical activity

Because some studies have considered the teacher or the parental recal method
unreliable (Janz et al., 2002), Harro (1997) developed a combined parent and teacher
report to assess the physical activity of children (4-8 yr) (Table 4.8). By combining
information of the teacher and the parent a better, more reliable, estimation of the
physical activity of the child during the whole day should be obtained. The assessment
method developed by Harro consists of three questionnaires, one for the parents, one for
a kindergarten teacher, and one for an elementary school teacher. Parents are asked to
report the duration in minutes of the child's indoor activities at home while the child
was not deeping. Teachers report the time the child spends in activities in the
kindergarten or elementary school. Parents and teachers also report physical activities
with low to moderate intensity and moderate to vigorous physical activities (MVPA).
From these data the amount of daily MVPA was caculated in minutes and as a
percentage of the child’ s time awake.

Validity and reliability: The three questionnaires were validated against heart rate
monitoring (Sport Tester) and accelerometer data (Caltrac) by Harro (1997). All
methods were assessed simultaneously in 68 children (4-8 yr) on four consecutive days.
The reported time spent in moderate to vigorous physical activity correlated moderately
to heart rate data (time of heart rate > 140 beats/ min and > 150 beats/ min) (r=0.40, p <
0.01) and accelerometer data (r=0.53, p <0.0001). The reported time spent in MVPA
tended to be overestimated, especialy in girls.

Other proxy reports are: the Parent and teacher log of a Child’'s Physical Activity,
Parent Rating of Activity, Teacher Rating of Activity, Activity and Play Rating, and the
Physical Activity Record of Classes (PARC) (Sallis, 1991). The PARC is designed to
record the frequency and duration of physical education classes. It has to be completed
by teachers (McKenzie et al., 1996).

Advantages and disadvantages of self-reports

Self-report is the most common and widespread method to assess physical activity in
children and adol escents as can be seen from the amount of self-reports. Advantages of
this method are the low cost, the relatively short administration and scoring time, and
the ability to gather information of large numbers of children and adolescents over a
period of time (Crocker et al., 1997).

A disadvantage of self-reports is that they rely on memory recall. In children the
problem of recall with questionnaires and interview techniques are confounded (Goran,
1998). There are at least two sources of error. Error due to not remembering certain
activities, and error due to underreporting or over reporting certain activities (Klesges et
al., 1985). Below the age of 10 the amount of time spent at a certain level of activity is
difficult to recall (Scruggs et al., 2003). Children seem to be able to recall the previous
day accurately when completing a questionnaire or keeping a diary, but one has to
guestion if the reported activity adequately characterises the activity pattern of the child.
Other sources of error of self-reports are misinterpretations and social desirahility
(Sirard & Pate, 2001).

Judgement of the described self-report methods
All described self-report methods were reviewed and judged by two researchers (Table
4.9).




48/ 68 | TNO report | PG/B& G/2003.333 | January 2004 |

Table 4.9 Judgement of the characteristics of the twenty described self-reports

Self-reports Target Content Length/ Validity Reliability
population administration
time
Questionnaires and diaries
NNGB children - + - -
SQUASH adolescents + + - -
HAES children * + - -
PARI children, - + + +
adolescents
Godin- children, + + + +
Shephard adolescents
Survey
3-d Sweat children, + + + -
Recall adolescents
3-d Aerobic children, - + - +
Recall adolescents
PAQ-C children, + + - +
adolescents
PACE+ adolescents - + + +
PDPAR adolescents + + + +
SAPAC children + - + -
Yesterday children + + + +
Activity
Checklist
Weekly Activity children + + + +
Checklist
Weekly Activity children + + + +
Sum
7-d Activity children - + - +
Tally
Interviews
7-d PAR children, + + + +
adolescents
MLTPAQ adolescents - ? + -
PAI children + + + -
PACI children + + + -
Proxy report
Parent-teacher children + ? * -
Questionnaires

There are only a few questionnaires and diaries that are specially designed for children
or adolescents. None of the Dutch questionnaires have been properly examined in use
for children or adolescents yet. Data is missing, or validity was below standard. In spite
of this Botterweck et al. (2003) advise to use the SQUASH to improve comparability of
results. However the questionnaire has to be adjusted for the use in children or
adolescents.
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Of the American questionnaires the PDPAR looks most promising. Is seems to be a
valid and reliable questionnaire for adol escents.

In general, younger children are more sensitive to the recall period. The reliance on
memory recall can be enhanced through the use of memory cues. By using time related
cues as separating week and weekend days or using a structured day procedure
(breakfast, school, lunch, after school, evening) children and adolescents will be better
able to remember frequency, intensity, and duration of different physical activities.
Another memory cue could be to list common physical activities that they can check off
on aquestionnaire.
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5 Considerations when assessing physical activity in
children and adolescents

Central to the selection of an assessment method for a certain population, is a clear
understanding of the nature of the population under study.

The amount and type of physical activities observed in children and adolescents are
very different than those in adults. Children’s activities tend to be more sporadic and to
change frequently. One minute they are sitting quietly in their chair and another minute
they are running behind a ball. Their activity pattern varies as a function of gender, age,
location, and season. Likewise adolescents can not be compared to adults. They are
midway between childhood and adulthood. They are in the middle of a physical and
mental growing process.

Another aspect for consideration is the time table of children and adolescents. In
comparison with adults, children and adolescents have much more leisure time.
Therefore, children and adolescents can differ enormoudly from adults in frequency,
intensity, time, and type of physical activities and inactivity. Assessment methods
should be adjusted to the lifestyle of children and adolescents.

The fact that children and adolescents have unique activity patterns necessitates the use
of tailor-made assessment methods or outcome measures. For example questionnaires
are not very suitable for young children because of their less devel oped cognitive skills.
Also biological differences in metabolism and biomechanical differences in efficiency
require different assumptions for energy costs of certain activities (Welk et al., 2000b).
Unfortunately there is very limited information on the specific energy costs of different
activities in children, making it difficult to trandate activity information to energy
expenditure. Most of the time MET values obtained in studies with adults are used.
Other assumptions, which are frequently made, are:

1 Energy intensity of specific activities can be explained as METS;

2. Resting energy expenditure = 1 kcal/ min in all subjects or energy cost of
physical activitiesis directly proportional to body weight;

3. Intensity is constant among individuals;

4. Intensity is constant within individuals for different activities.

It is clear that our knowledge about physical activity patterns, and research in the field
of assessment methods for children and adolescents are still in their infancy (Kemper et
al., 2000).
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6.1

Conclusions and recommendations

Many methods have been discussed in this report. All of these methods have limitations
(Table 6.1). None of the methods is suitable for all purposes. Selection of an appropriate
assessment method depends on the specific research question being addressed as well as
the relative importance of accuracy and practicability.

Objective methods to assess physical activity in children and adolescents

In this report four objective methods have been discussed: indirect calorimetry, doubly
labelled water, heart rate monitors, and motion sensors.

Indirect calorimetry and doubly labelled water

Indirect calorimetry and doubly labelled water are very accurate objective methods to
assess energy expenditure or to validate or calibrate other assessment methods, but both
require sophisticated instrumentation and are expensive (Table 6.1).

Heart rate monitors

Heart rate monitors are less expensive, but have other limitations. Heart rate is
influenced by several other factors than physical activity. Another disadvantage is that
heart rate monitoring may mask the intermittent activity pattern of children, and the
time lag (Table 6.1). Using individualized heart rate - VO, regression equations and
techniques that control for errors, heart rate monitoring can provide an indication of the
intensity, duration, frequency, and energy expenditure of physical activity. In this report
two old heart rate monitors have been discussed. No information is available yet about
the validity and reliability of newer modelsin use for children or adolescents.

Pedometers

Although there are several pedometers commercialy available, in this review only one
pedometer was found which was validated in children. The general consensus is that
pedometers provide a valid assessment of physical activity but a less accurate estimate
of energy expenditure. Because most of a person’s daily activity involves loco motor
movement (walking and jogging), pedometers may offer a cost-effective measurement
tool for field-based research applications (Welk et al., 2003). These devices cost
approximately $20-25 and are small enough to be unobtrusive to study participants. The
immediate feedback available from pedometers also makes them useful as a behaviour
modification tool (Welk et a., 2000c).

Like all other assessment methods mentioned here, pedometers have limitations. They
are not sensitive to changes in speed. Pedometers tend to overestimate distance travelled
a dower speeds and underestimate distance travelled at higher speeds. Many
pedometers provide users estimates of energy expenditure; however, the algorithms
used for these calculations are not appropriate for children (Trost, 2001). Pedometers
are insensitive to inclination. Another limitation is the inability to segment activity by
time. It is not possible to determine the intensity or duration of the activity (Welk et a.,
2000c) (Table 6.1).

Aslong as no information is available about the reliability and validity of pedometersin
use with children and adolescents, they should be used with caution.
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Accelerometers

In this review five one-dimensional and three three-dimensional accelerometers have
been discussed. To date, only the Caltrac Activity Monitor has shown to be a reliable
and valid accelerometer for use in children and adolescents. The second best
accelerometer isthe CSA Monitor.

Although accelerometers still have limitations, they are arguably the most effective way
to assess physical activity under free-living conditions. They are small and easy to use.
A major advantage of accelerometers is that they provide objective information that can
be processed and stored over time with limited burden on subjects. They provide a
better overall indicator of activity than a simple pedometer because they can assess
intensity of activity. They also have fewer sources of variability and error than heart
rate monitoring (Welk et al., 2003). Compared to heart rate monitors, accelerometers
present fewer burdens to subjects (no electrodes or chest straps) and are capable of
detecting the intermittent activity patterns of children. On the other hand,
accelerometers are insensitive to many forms of physical activity and it is difficult to
convert the output to energy expenditure (Table 6.1). If the outcome of interest is
relative participation in physical activity and the measurement of resting heart rate is
not a viable option, then accelerometers might be the method of choice. If, however, the
goa is to estimate energy expenditure, then heart rate monitoring, using an
individualized heart rate - VO, calibration curve, would be the method of choice (Trost,
2001).

Another interesting issue is the difference between one- and three-dimensiona
accelerometers. Three-dimensional accelerometers were developed under the
assumption that ‘more is better’. By recording in more than one plane, three-
dimensiona accelerometers are supposed to be better capable of quantifying the
movements of children and adolescents during free-living activities. While this
assumption has strong intuitive appeal, field- and laboratory-based studies testing the
different one- and three-dimensional devices have produced conflicting results (Welk &
Corbin, 1995; Westerterp, 1999).

As long as limited information is available about the reliability and validity of many
accelerometers, they should be used with caution. At the moment the Caltrac Activity
Monitor and the CSA monitor are preferable.
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6.2

Table 6.1 Summary of advantages and limitations of methods to assess physical activity
in children and adolescents

Method Advantages Limitations

Objective assessment methods

Indirect calorimetry calibration expensive, time-consuming
Doubly labelled water unobtrusive, free-living expensive, overall estimate of
conditions, extended periods energy expenditure
Heart rate monitors unobtrusive, relatively influenced by several factors,
inexpensive, data storage time lag
Motion sensors unobtrusive, behaviour conversion to energy
modification tool expenditure, insensitive to

many forms of physical

activity
Subjective assessment methods
Direct observation physical activity patterns time-consuming, observer
(FITT) reliability, reactivity
Self-reports inexpensive, useful for large- | relies on memory, conversion
scale epidemiologic studies to energy expenditure,

reguires motivated subjects

Subj ective methods to assess physical activity in children and adolescents

In this report two subjective methods to assess physical activity in children and
adol escents were discussed: direct observation and self-reports.

Direct observation

Three of the four described observation methods in this review were used for children
(< 12 yr). Direct observation is a very useful method to obtain information of physical
activity patterns (frequency, intensity, time, and type of activity), especially in younger
children in whom accurate and self-reported data are more difficult to assess.
Observation can take place in avariety of settings for variable lengths of time.

However direct observation methods are time-consuming and labour intensive (Table
6.1). Therefore this method is impractical for large-scale research.

Salf-reports

In this review 20 self-reports have been described. As can been concluded from the
amount of self-reports, this method is the most common and widespread method to
assess physical activity in children and adolescents. Advantages of this method are the
low cogt, the relatively short administration and scoring time, and the ability to gather
information of large numbers of children and adolescents over a period of time (Crocker
et al., 1997).

Despite the number of self-reports, there are only a few questionnaires and diaries that
are specialy designed for children or adolescents. Most of the self-reports focus on the
child’s involvement in structured sports. Some children, particularly very young
children, may be very active but minimally involved in structured sports (Moore et al.,
1995). Recently a Canadian study has shown that children are physically more active
during unstructured than during structured activities (Tremblay & Willms, 2003). Thus,
it is important to cover al forms of physical activities (e.g. transportation, leisure time
activities (structured and unstructured), household activities) in self-reports.
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None of the discussed Dutch questionnaires have been properly examined in use for
children or adolescents so far. Of the American questionnaires the PDPAR looks most
promising. In the PDPAR a one-day recall period is used. In general, children have
difficulties recalling their physical activity behaviour over longer time periods. Memory
recall can be enhanced by using time related cues as separating week and weekend days
or using a structured day procedure (breakfast, school, lunch, after school, evening).
Future studies should establish an age limit below which the assessment methods would
lack reliability and validity because of cognitive limitations. Another limitation of self-
reports is the conversion to energy expenditure (Table 6.1).

Perhaps it is easier to assess physical inactivity (e.g. sleeping, reading, watching
television) in stead of physical activity.

Recall errors, misinterpretations, and social desirability probably play asmaller part.

Conclusion

Assessing physical activity in children and adolescents is an important and challenging
enterprise. When selecting a method one has to keep the following questions in mind:
What isit exactly what you want to know? What is the research question?

What is your hypothesis?

What is your budget?

How much time do you have to obtain your data?

In which age group you want to assess physical activity?

How many children do you need to measure?

How many days of monitoring are needed with this method to characterize a
subject’slevel of activity?

Preferably an assessment method provides insight in the energy expenditure, frequency,
intensity, duration, and type of physica activity of children and adolescents in a
reliable, valid, and practical manner. However, at the moment it is not possible to
identify one method as the perfect method (Kemper et a., 2000). Investigators who
desire to assess children’s physical activity are in a difficult situation. The current
choices are to use assessment methods with unknown validity or measures with know
limitations in their accuracy.

The greatest obstacle to validate assessment methods is the lack of an adequate criterion
to which techniques can be compared. The correlation of various field methods may be
of some value, but because there are errors in all methods it is impossible to determine
the true validity of any one of them doing so (Westerterp, 1999). The doubly labelled
water method is considered the golden standard to assess energy expenditure, but it
remains unclear if it is also the golden standard to assess physical activity patterns in
terms of frequency, intensity, time, and type of activity (FITT).

At present a strategy of using multiple assessment methods, including objective and
subjective methods, is recommended. A combination of different assessment methods is
likely to increase the accuracy of the information and to provide insight in physical
activity patterns of children and adolescents. On the basis of the reported information a
combination of an accelerometer and a questionnaire or diary seems most appropriate.

Prioritiesfor research

The development of new techniques for the assessment of physical activity is probably
one of the most emergent needs that could benefit from incorporation of advanced
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technology. Validation of existing technology such as pedometers and three-
dimensiona accelerometersin children and adolescents is a so warranted.

Clearly, there is a strong need for the development or trandation and testing of self-
reports for usein children and adolescents. But it must be kept in mind that the accuracy
of self-reports will always be limited by the ability of the child or the parent to recall
information accurately and without bias. Additional improvements in questionnaire
accuracy depend on greater understanding of the processing of information retrieval
from memory. Interesting questions are: How does the ability to estimate and report
time develop? How can reporting exercise duration be improved through training or
different reporting formats? How can estimation of exercise intensity be improved? Can
estimation of physical activity levels be improved by assessing physical inactivity in
stead of physical activity?

With recent public health guidelines improvement of assessments of moderate intense
physical activity is needed. There are several difficulties inherent in assessing moderate
intense lifestyle activities. Because lifestyle activity is generaly less structured than
more vigorous bouts of exercise, it may be harder to code and recall on self-report
instruments (Welk et al., 2000a).
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