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Abstract Because of the diversity in available questionnaires, it is not easy for re-

searchers to decide which instrument is most suitable for his or her specific
demands. Therefore, we systematically summarized and appraised studies
examining measurement properties of self-administered and proxy-reported
physical activity (PA) questionnaires in youth.

Literature was identified through searching electronic databases (PubMed,
EMBASE using ‘EMBASE only’ and SportDiscus®) until May 2009. Studies
were included if they reported on the measurement properties of self-adminis-
tered and proxy-reported PA questionnaires in youth (mean age <18 years) and
were published in the English language. Methodological quality and results of
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included studies was appraised using a standardized checklist (qualitative at-
tributes and measurement properties of PA questionnaires [QAPAQ)]).

We included 54 manuscripts examining 61 versions of questionnaires.
None of the included questionnaires showed both acceptable reliability and
validity. Only seven questionnaires received a positive rating for reliability.
Reported validity varied, with correlations between PA questionnaires and
accelerometers ranging from very low to high (previous day PA recall: cor-
relation coefficient [r]=0.77). In general, PA questionnaires for adolescents
correlated better with accelerometer scores than did those for children.

From this systematic review, we conclude that no questionnaires were
available with both acceptable reliability and validity. Considerably more
high-quality research is required to examine the validity and reliability of

promising PA questionnaires for youth.

Physical activity (PA) is an important behav-
iour related to a number of health outcomes in
children and adolescents.l'-?! Accurate assess-
ment of PA levels is important, not only to un-
derstand the association between PA and health,
but also to monitor secular trends in behaviour
and to evaluate the effectiveness of interven-
tions.}! Therefore, valid, reliable and responsive
instruments that measure PA are needed. Ques-
tionnaires are a commonly used method to esti-
mate (change in) total amount of daily or weekly
PA.[#31 Other popular PA measures include
movement counters and heart-rate monitoring.

PA questionnaires are easy to administer,
relatively inexpensive and acceptable to study par-
ticipants.[) Furthermore, in some situations, self-
reports may be the only feasible method to be used
in large-scale population surveys due to available
resources. While objective methods such as heart-
rate monitoring and accelerometry may better cap-
ture the duration and intensity of PA, they provide
no information about the type of PA behaviour or
in what context and where the activity was perform-
ed (e.g. active transport, sports, school).

In past decades, numerous questionnaires
have been developed for different populations,
including children and adolescents, with major
differences in length, type of activities and recall
period used. Recalling PA is a highly complex
cognitive task requesting information about PA
performed at some point in the past, with recall
periods varying from 1 day to 1 week or ‘a usual
week’. Youth are less likely to make accurate self-
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report assessments than adults because of devel-
opmental differences, especially in the ability to
think abstractly and perform detailed recall.[”-8]
In addition, youth have an activity pattern that is
much more variable and intermittent than that of
adults.’! Therefore, PA questionnaires may suf-
fer from recall bias, especially in youth.
Selection of an appropriate PA questionnaire
depends not only on the specific purpose of the
study (e.g. discrimination, evaluation, predic-
tion), but also the characteristics of the popula-
tion and the outcome of interest. Other critical
considerations in the choice of a questionnaire
are the relative importance of practical issues
such as study size and budget, as well as relia-
bility, validity and responsiveness. Because of the
diversity in available questionnaires, it is not easy
for researchers to decide which instrument is
most suitable for his or her specific demands.
Therefore, the aim of the present review is to
summarize primary studies on measurement
properties (reliability, construct validity and re-
sponsiveness) of self-report questionnaires that
have been developed or modified for assessing
PA in children and adolescents. This is one of a
series of articles on measurement properties of
PA questionnaires published in Sports Medicine.

1. Methods

1.1 Literature Search

Literature searches were performed in
PubMed, EMBASE (using ‘EMBASE only”) and

Sports Med 2010; 40 (7)
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in SportDiscus® (complete databases up until
May 2009) on the topic of self-report ques-
tionnaires of PA.

The full search strategy in PubMed is pre-
sented as follows: ‘exercise’[mesh] OR ‘physical
activity’[tiab] OR ‘motor activity’lmesh] AND
‘questionnaire’[mesh] OR ‘questionnaire+’[tiab].
Limits: ‘humans’.

In EMBASE and SportDiscus®, ‘physical ac-
tivity’ and ‘questionnaire’ were used as free-text
words, and in EMBASE this was complemented
with the EMTREE term ‘exercise’.

1.2 Eligibility Criteria

We used the following inclusion criteria: (i) the
aim of the study should be to evaluate the mea-
surement properties of a self-report question-
naire; (ii) the aim of the questionnaire should be
to measure PA in youth (average age of the study
population <18 years) [PA was defined as any
bodily movement produced by skeletal muscles
that results in energy expenditure above resting
level]; (iii) the questionnaire could be used to
measure PA in youth in the general population;
(iv) the article was published in the English lan-
guage; and (v) information should be provided on
at least one of the measurement properties of the
self-report questionnaire in a sample of youth.

We included information on measurement
properties only if it was intentionally collected or
calculated to assess the measurement properties
of the particular self-report questionnaire. We
included proxy-report questionnaires but ex-
cluded PA interviews or diaries. We also excluded
studies that evaluated the measurement proper-
ties of a self-report questionnaire in a specific
population, such as patients or obese youth.

1.3 Selection of Papers

Two independent reviewers (MC and LM)
performed abstract selection, selection of full-text
articles, data extraction and quality assessment.
Disagreements were discussed and resolved. We
retrieved the full-text paper of all abstracts that
fulfilled the inclusion criteria and of abstracts
that did not contain measurement properties but
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indicated that they were presented in the full-text
paper.

1.4 Data Extraction
1.4.1 Description of Questionnaires

We extracted data from the included papers
using a standardized data-extraction form based
on a standard checklist for appraising the quali-
tative attributes and measurement properties of
PA questionnaires (QAPAQ).['% The following
data were extracted: (i) the target population for
which the questionnaire was developed; (ii) the
construct(s) that the questionnaire intends to
measure (e.g. habitual PA); (ii1) the dimensions of
PA that the questionnaire is measuring (e.g. fre-
quency, duration and intensity); (iv) the type of
activities that the questionnaire is measuring (e.g.
sport, recreational, transport, school, household
activities and other); (v) the number of questions;
(vi) the recall period that the questions refer to;
and (vii) the scoring algorithm (which includes
the type and number of scores that were calcu-
lated, e.g. total energy expenditure or minutes of
activity per day).

In addition, we extracted and rated the meth-
ods and results based on the QAPAQ. Reliability,
validity and responsiveness depend on the setting
and the population in which they are assessed.
Therefore, a clear description of the design of
each individual primary study, including char-
acteristics of the study population, design issues
such as time interval, sample size and data ana-
lysis, was required in order to receive a positive
rating. Furthermore, if any methodological
weakness in the design or execution of the pri-
mary study was found (e.g. small sample size,
inadequate time interval between test and retest),
the evaluated measurement property was rated as
‘indeterminate’.

1.4.2 Reliability

Reliability was rated as positive (+), negative
(=) or indeterminate (?), depending on the meth-
ods and results of the primary studies. According
to the QAPAQ checklist, the preferred method is
the intraclass correlation coefficient (ICC), or
Kappa for dichotomous data or weighted Kappa
for ordinal data. An ICC of >0.70 is considered
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acceptable.''l The use of Pearson correlation
coefficients is considered inadequate because
systematic errors are neglected;!'>!3] however,
most studies included in this review did calculate
Pearson correlation coefficients. We considered
it too conservative to rate all these studies as
‘indeterminate’, as Pearson correlations >0.80
would likely result in ICCs >0.70. Therefore, we
decided to rate studies that reported a Pearson
correlation >0.80 as positive. Pearson correla-
tions <0.70 would never result in ICCs >0.70, and
were consequently rated as ‘negative’. The time
interval between the test and retest should have
been described and should be short enough to
ensure that subjects had not changed their PA
levels, but long enough to prevent recalling the
previous answers. We defined an adequate time
interval as follows:

e >] day but <3 months for questionnaires
recalling a usual week;

e >] day but <2 weeks for questionnaires
recalling the previous week;

e >] day but <1 week for questionnaires recal-
ling the previous day, assuming that the two
tests recall the exact same day.

A positive score was given if the study popu-
lation consisted of at least 50 participants; the
ICC or Kappa or Pearson correlation was above
the specified cut-off point (ICC >0.70; Kappa
>(.70; Pearson >0.80) and the time interval be-
tween test and retest was adequate. If the corre-
lation was below the specified cut-off point, a
negative score was given. If the sample size was
<50 participants or the time interval inadequate,
the score was rated as ‘indeterminate’. We sorted
the questionnaires based on (i) outcome measures
(ICC, Kappa, correlation) — highest to lowest;
and (ii) sample size 250 and <50 (table I).

1.4.3 Construct Validity

We initially intended to use the preferred
method for assessing construct validity from the
QAPAQ, stating that hypotheses about expected
correlations between the questionnaire under
study and other measures, or about expected
differences in scores on the questionnaire be-
tween specific groups of subjects, should be de-
fined in advance when testing validity. Almost
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none of the studies included in this review form-
ulated hypotheses a priori. The ‘best” method to
use for comparison depends on what the ques-
tionnaire is aiming to measure. Instead of rating
all questionnaires as ‘indeterminate’, we did not
rate the questionnaires but instead sorted the
studies based on (i) the comparison instrument
(accelerometer, doubly labelled water, direct ob-
servation, pedometer, heart rate monitor, other);
(i1) the outcome measures — highest to lowest; and
(iii) the sample size (table II).

1.4.4 Responsiveness

Responsiveness refers to the ability of an in-
strument to detect change over time in the con-
struct to be measured.[* It should be considered
an aspect of validity in a longitudinal setting.[®4
Since we included only one study reporting on
responsiveness, this study was not rated, but is
briefly described in the results section.

2. Results

The literature search yielded a total of 21 891
hits: 9733 in PubMed, 7601 in EMBASE and
4284 in SportDiscus®. We included 54 manu-
scripts examining 61 versions of questionnaires
(see figure 1).

2.1 Description of Questionnaires

Table 111 presents a description of the included
questionnaires. We sorted the questionnaires on
target population: preschool children (mean age
<6 years); children (mean age >6 and <12 years);
and adolescents (mean age >12 and <18 years).
We found six questionnaires for assessing PA in
preschool children, all of which had been com-
pleted by proxy report, 25 questionnaires for
children and 31 that had been developed for
adolescents. The construct of what the ques-
tionnaire intends to measure was mostly broadly
described as ‘physical activity’, sometimes limited
to certain types of activities. The dimensions that
were measured were duration, frequency, in-
tensity or a combination of these dimensions.
Because of the different dimensions used, the unit
of measurement of the questionnaires differed.

Sports Med 2010; 40 (7)
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Table 1. Reliability of physical activity (PA) questionnaires for youth sorted by level of evidence

Questionnaire® Study population® Time interval Results Rating
Preschoolers (mean age <6y)
CLASS (proxy)'™  n=58 At least 14d MVPA/VPA/total PA frequency: proxy 5-6y: Proxy +
Sex: 63% ¢ ICC=0.74/0.87/0.83
Age: 5.3 (0.5) [5-6] MVPA/VPA/total PA duration: proxy 5-6y:
ICC=0.49/0.81/0.76
% agreement total PA 89.2; total VPA 58.6; total MPA
84.2
NPAQ (proxy)'s! n=72 2-8wk NPAQ total (collapsed into low, moderate, high) +—
Sex: 55% @ weighted Kappa: 0.39 (0.22-0.56); ICC: 0.70
Age: 5.7 (0.5) [NR] (0.58-0.87); Spearman r=0.61
CPAR (proxy)!1®l n=27 7d ICC (one-way factor ANOVA): MVPA 0.39; PAEE Ind
Sex: 38% ¢ 0.25
Age: 4.9 (0.7) [4-5]
Children (mean age >6 and <12y)
PAQ-CI['7] Study 1 1wk ICC: & 0.75; ? 0.82 +
n=215
Sex: 42% @
Age: [9-15]
Study 2
n=84
Sex: 51% ¢
Age: [9-14]
GAQI8l n=68 4d ICC +
Sex: 100% ¢ 28 activities: yesterday 0.78; usual 0.82
Age 9.0 (0.6) [8-10] 18 activities: yesterday 0.70; usual 0.79
CLASS (self- n=111 Children 7d, ICC Self-report and
report and Sex: 27% ? proxy at least MVPA/VPA/total PA frequency: self-report proxy +/—
proxy)'4l Age: 10.6 (0.8) [10-12]  14d 0.75/0.42/0.36; proxy 10-12y 0.67/0.75/0.69
MVPA/VPA/total PA duration: self-report
0.37/0.41/0.24; proxy 10-12y 0.58/0.62/0.74
% agreement total PA 89.2; total VPA 58.6; total MPA
84.2
CLASS (self- n=112 Children within ~ ICC proxy report/self-report (in 10-12y only) Proxy +/—;
report and Sex: 63% ? 7d, proxy Frequency MPA: ICC =0.75/0.97; frequency VPA: self-report —
proxy)!'9l Age: 10.6 (0.76) [9-13]  +14d ICC=0.74/0.58; duration MPA: ICC=0.73/0.43;
duration VPA: ICC=0.31/0.29; proxy/self-report: 10/7
of 30 PA items Kappa >0.70
GAQI29 n=172 12wk ICC: 28 activities: yesterday 0.59; usual 0.59 Yesterday Ind;
Sex: 100% ? 18 activities: yesterday 0.57; usual 0.55 usual —
Age: 8.8 (0.8) [8-10]
Race: African
American
Daughter n=69 Girls: 12-16d ICC: walking schoolday/weekend 0.48/0.32; exercise = —
questionnairel2™! Sex: 100% 2 schoolday/weekend 0.36/0.32
Age: 9.9 (8.5-12.7)
Modified n=103 Minimum 5d Total PAICC 3 0.20; 2 0.19 -
SAPACI??] Sex: 50% 2
Age: 11.7 (0.5)
Stairs scorel?3! n=84 11mo Spearman r: 0.59 (95% Cl 0.43-0.71) -
Sex: 100% ?

Age: 11.1 (1.54) [7-15]

Continued next page

© 2010 Adis Data Information BV. All rights reserved.

Sports Med 2010; 40 (7)



544 Chinapaw et al.
Table I. Contd
Questionnaire® Study populationb Time interval Results Rating
Specific activity n=84 11 mo Spearman r: 0.53 (0.36-0.67) -
scoref23l Sex: 100% 2
Age: 11.1 (1.54) [7-15]
Godin-Shephard n=84 11mo Spearman r: 0.48 (0.30-0.63) -
(proxy)3! Sex: 100% ?
Age: 11.1 (1.54) [7-15]
Activity-rating n=30 1mo ICC: PA rating 0.85 Ind
instrument(24! Sex: 50% 2
Age: 11.2 (2.0) [7-15]
CPARI25] n=22 12wk ICC: total EE 0.95; Ind
Sex: 50% ¢ activity EE 0.82
Age: 11.8 (1.0)
Mother and father n=47/35 mother/father ~ 12-28d ICC: mother/father schoolday light 0.11/0.32; MPA Ind
Questionnairel?' Sex: 100% 2 0.28/0.24; VPA 0.72/0.75 Ind
Age: 9.9 (8.5-12.7) ICC: mother/father weekend light 0.32/0.12; MPA
0.33/0.13; VPA 0.65/0.72
PAQI?®! n=24 children Ind Frequency section: short PAQ r=0.82; long PAQ Ind
Age: 8-11y (3rd-5th r=0.49
grade)
Older children and adolescents (mean age >12y)
QAPACE[?”] n=121 6wk Pearson ICC: 0.96 (0.95-0.97); LOA —-515.5 and +
Sex: 54% 2 532.5kJ x 247" h, mean figures 7566 kJ/d~" h
Age: [8-16]
OPAQP?®! n=87 1wk ICC: MPA 0.76; VPA 0.80; MVPA 0.91 +
Sex: 45% 9
Age: 13.1 (0.9)
Refined 60-min n=73 Same d up to ICC: 0.77 (0.76 with time to retest as a co-variate); +
MVPA screening Sex: 65% ¢ 1mo same day 0.88 (n=42), up to 1 mo 0.53 (n=31);
measurel?9] Age: 12.1 (0.9) Kappa: 61%, same day 84%, up to 1 mo 36%
WHO HBSCI30! n=71 8-12d Frequency: ICC=0.73; +
Sex: 56% ¢ duration: ICC=0.71
Age: 14.9 (1.6) [13-18]
Epidemiological n=100 1mo Spearman rank r Tmo+ 1y —
questionnairel®" Sex: 53% ¢ 1mo: h/wk 0.79; MET h/wk 0.85; VPA h/wk 0.91 (1y:
Age: [15-18] 0.66, 0.72, 0.72, respectively)
3DPARI32 n=71 1d Pearson r MVPA —;
Sex: 68% ¢ MVPA 0.68; VPA 0.83 VPA +
Age: 12,5 (1.1) % agreement in activities mentioned: & 51%; ¢ 47%
APARQI33] Sample 1 2wk ICC total EE Grade 8 —;
n=121 & grade 8/10: summer 0.30/0.79, winter 0.49/0.52 grade 10 +/—-
Sex: 48% ? ? grade 8/10: summer 0.52/0.86, winter 0.36/0.91
Age: 13.7 (0.4) Weighted Kappa (vigorous, adequate and inactive)
Sample 2 3 grade 8/10: summer 0.33/0.62, winter 0.39/0.59
n=105 Q grade 8/10: summer 0.55/0.71, winter 0.71/0.58
Sex: 29% ¢
Age: 15.7 (0.4)
PA screening n=250 2wk Nine scores: 20-min bout typical wk/past -
measurel29! Sex: 56% ¢ 7 d/composite; accumulate 30-min typical wk/past
Age: 14.6 (1.4) 7 d/composite; accumulate 60-min typical wk/past
7 d/composite: ICC range 0.55-0.79; Kappa % 45-61
Continued next page
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Questionnaire® Study populationb Time interval Results Rating
Fels PAQI4 n=229 6d ICC -
Sex: 57% ? Total 0.48-0.68; sport 0.62-0.71; leisure 0.60-0.76;
Age: [7-19] work/chore 0.49-0.65
SAPACI n=66 1d Pearson r -
Sex: 71% ¢ MVPA 0.67; VPA 0.63
Age: 12,5 (1.1) % agreement in activities mentioned: & 34%; ¢ 42%
IPAQI®S! n=200 2wk Spearman r and ICC -
Age: 16 (0.4) Total 0.45/0.37; LPA 0.44/0.28; MPA 0.33/0.15; VPA
0.52/0.40
PAQARS! n=158 2wk Spearman r and ICC -
Age: 16 (0.4) Total 0.48/0.40; LPA 0.22/0.28; MPA 0.32/0.12; VPA
0.57/0.40
IPAQIY n=71 8-12d VPA: d/wk: ICC=0.54; and min/d: ICC=0.30 -
Sex: 56% ¢ MPA: d/wk: ICC=0.55; and min/d: ICC=0.34;
Age: 14.9 (1.6) [13-18] walking: d/wk: ICC=0.62; and min/d: ICC=0.10;
sitting: min/d: ICC=0.27
WHO HBSCI3l Sample 1 2wk Kappa: frequency 0.36-0.60; duration 0.22-0.58; -
n=121 combination 0.12-0.70 (1 x Kappa=0.70 boys, y 10,
Sex: 48% ¢ two categories)
Age: 13.7 (0.4)
Sample 2
n=105
Sex: 29% @
Age: 15.7 (0.4)
YPAQ!®! Sample 1 7d ICC (one-way factor ANOVA) Ind
n=25 Group 12-13y: MVPA 0.92; PAEE 0.86
Sex: 30% ¢ Group 16-17y: MVPA 0.73; PAEE 0.79
Age: 13.1 (0.3) [12-13]
Sample 2
n=24
Sex: 70% ¢
Age: 17.1 (0.6) [16-17]
CHASE!®! n=25 7d ICC (one-way factor ANOVA): Ind
Sex: 30% ¢ lifestyle score 0.64
Age: 13.1 (0.3) [12-13]
SWAPAQI'8! n=24 7d ICC (one-way factor ANOVA) Ind
Sex: 70% ? MVPA 0.05; PA EE 0.02

Age: 17.1 (0.6) [16-17]

a See table IV for definitions of questionnaire names/acronyms.
b Age is presented as mean years (SD) [range].

EE =energy expenditure; ICC =intraclass correlation coefficient; Ind =indeterminate score; LOA=limits of agreement; LPA =light-intensity
PA; MPA =moderate-intensity PA; MVPA =moderate to vigorous PA; NR=not reported; r=correlation coefficient; VPA =vigorous PA;
+ indicates positive score; — indicates negative score; +/— indicates some positive and some negative scores; ¢ indicates female; & indicates

male.

The recall period was variously ‘the previous
day’, ‘a usual day or week’ or ‘the past year’.

2.2 Reliability

Table 1 summarizes the reliability studies.
Thirty-five questionnaires were tested for relia-

© 2010 Adis Data Information BV. All rights reserved.

bility (three among preschoolers, 14 among chil-
dren and 17 among adolescents). The time inter-
val between the first and second administration
varied from the same day to 11 months. Only
seven questionnairest!17-18:27-301 received a posi-
tive rating for reliability: in preschoolers, the
CLASS (see table IV for a full list of definitions

Sports Med 2010; 40 (7)
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Table Il. Construct validity of physical activity (PA) questionnaires for children and adolescents sorted by comparison measure, outcome and

sample size

Questionnaire?

Study population®

Comparison measure

Results

Preschool children (mean age <6 y)

CPAQ (proxy)[el

NPAQ (proxy)['s!

Parental report — outdoor
time checklist (proxy)7]

Parental report — outdoor
time recall questionnaire
(proxy)!®”

CLASS (proxy)'4

Questionnaire to
teachers (proxy)!®8!

Questionnaire to
mothers (proxy)8]

Primary school children (mean age >6 and <12y)

SNAPIzl

PA Questionnaire for

parents and teachers!“l

ACTIVITY41]

CPARI28!

MARCA[“2]

PAQ-CH3)

n=27
Sex: 38% ¢
Age: 4.9 (0.7) [4-5]

n=204
Sex: 55% @
Age: 5.7 (0.5)

n=250

Sex: 43% @

Age: 44 mo [29-52]
Country: USA

n=250

Sex: 43% ?

Age: 44 mo [29-52]
Country: USA

n=58
Sex: 63% ?
Age: 5.3 (0.5) [5-6]

n=49
Sex: 51% @
Age: [5-6]

n=49
Sex:51% ?
Age: [5-6]

n=121
Sex: 60% @
Age: 10.7 (2.2)

n=62
Sex: 48% ?
Age: 7.0 (0.7)

n=47
Sex: 60% ¢
Age: 7.7 (0.45)

n=45
Sex: 56% ?
Age: 11.8 (1.0)

n=66

Sex: 50% ¢

Age: 11.6 (0.8)

n=97

Sex: 58% ¢

Age: 11.3 (1.39) [9-14]

Accelerometer (MVPA);
DLW (PA EE)

Accelerometer (MTI)

Accelerometer (RT3 triaxial
research tracker); recall
questionnaire

Accelerometer (RT3 triaxial
research tracker); checklist
questionnaire

Accelerometer (MTI)

Direct observation;
pedometer

Direct observation;
pedometer

Accelerometer (GT1M)

Accelerometer (Caltrac);
other (HR monitor)

Accelerometer (Caltrac);
HR monitor

Accelerometer (Tritrac)

Accelerometer (MTI)

Accelerometer (Caltrac);
questionnaire (7-d recall
interview, activity rating;
leisure-time exercise (Godin
1 and 2); fitness test (Chester
step test)

Accelerometer Spearman r=0.42; DLW
Spearman r=0.22, wide ratio LOA

Accelerometer total/vigorous counts:
rho=0.33/0.36

Accelerometer: r=0.33; recall: r=0.57

Accelerometer: r=0.20;
checklist: r=0.57

Accelerometer MPA/VPA/total PA/total
counts/d: r=-0.06/-0.04/-0.04/0.05

Direct observation: r=-0.19-0.27;
pedometer: r=0.25

Direct observation: r=-0.14-0.12;
pedometer: r=0.14

Mean difference between SNAP and
accelerometer: -9 min (-23, 5) mean
difference in proportions complying to
60 min/d MVPA guideline 0.02; 90% Cl
-0.08, 0.12)

Accelerometer: r=0.53; HR: r=0.40

Accelerometer (CNTSMIN): r=0.40; HR:
average activity/50%; HR reserve: 0.17/0.51

TEE/AEE vs accelerometer: r=0.51/0.20;
% agreement=78%; Kappa=0.398
categorizing in active/inactive

6 of 7 hypotheses correct
PAL/VPA/min locomotion: r=0.45/0.35/0.37

Five hypotheses: moderate correlations with
all measures Accelerometer: r=0.39; 7-d
recall interview: r=0.46, 0.43; activity rating:
r=0.57; leisure-time exercise (Godin 1 and
2): r=0.41, -0.57; fitness test: r=0.28;

sex differences: none

Continued next page
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Table II. Contd
Questionnaire® Study population® Comparison measure Results
PAQ-CH4 n=449 Accelerometer (Actigraph, Spearman r: accelerometer: r=0.38 (boys)
Sex: 52% @ MVPA); hip BMC; spine BMC; and r=0.24 (girls); Partial Spearman rank r:
Age: 11.2(0.3) whole body BMC hip BMC: r=0.28 (boys), r=0.08 (girls);
spine BMC r=0.19 (boys), r<0.01 (girls);
whole body BMC: r=0.22 (boys), r=0.08
(qgirls)
SAPACHS] n=125 Accelerometer; HR monitor; Accelerometer min MVPA/MVPA
Sex: 56% ¢ PA interview METs/weighted; MVPA METs/no. of
Age: 10.9 (0.53) activities: r=0.30/0.32/0.32/0.02; HR min
MVPA/MVPA METs/weighted; MVPA
METs/no. of activities:
r=0.58/0.60/0.59/0.28; PACI min
MVPA/MVPA METs/weighted; MVPA
METs/no. activities: r=0.64/0.65/0.65/0.47
GAQ8l n=68 Accelerometer Accelerometer 18 activities yesterday:
Sex: 100% @ (MTI/Computer Science and r=0.28; 18 activities usual d: r=0.30
Age: 9.0 (0.6) [8-10] Applications, Inc.)
PAQL"] n=>52, grade 3 Accelerometer (Tritac) Accelerometer before and after school:
Sex: % 2 r=0.15; during school r=0 0.41
Age: NR
Race: American Indian
OPAQP®! n=51 Accelerometer (Caltrac) Spearman r: MPA: 0.01; VPA: 0.33;
Sex: 47% 2 MVPA: 0.32
Age: 12.6 (0.5)
PAQI?®! n=24 Accelerometer (Caltrac) Short PAQ vs accelerometer: r=0.27; long
Sex: NR PAQ vs accelerometer: r=0.13
Age: grade 3-5 (NR) [NR]
Health Survey for n=130 Accelerometer LOA: -131-376 min/d
England PA Sex: 51% ¢ Spearman r: 0.16
Questionnaire (proxy)“e! Age: 7.0 (0.3) [6-7]
Self-report PA n=34 Accelerometer (Actiwatch); Accelerometer: regression coefficients for
Questionnaire for Sex: 100% & other (life recorder) counts/d ranging from —0.25 to 0.07

Schoolchildrenl4”]

CLASS (self-report and
proxy)!®!

CLASS (self-report and
proxy)l'4l

Modified Godin-
Shephard!#8!

GAQE)

Age: 10.8 (0.8)
Country: Japan

n=112
Sex: 63% ?
Age: 10.6 (0.76) [9-13]

n=111
Sex: 27% ?
Age: 10.6 (0.8) [10-12]

n=24
Sex: 50% ¢
Age: [10-13]

n=172

Sex: 100% 2

Age: 8.8 (0.8) [8-10]
Race: African American

Accelerometer (MTI)

Accelerometer (MTI)

Accelerometer (Caltrac)

Accelerometer (Computer
Science and Applications,
Inc.)

Proxy vs accelerometer: MVPA r=0.01/0.18;
self-report vs accelerometer MPA/VPA:
-0.11/0.15

Proxy vs accelerometer MPA/VPA/total
PA/total counts/d: r=0.07/0.24/0.09/0.11;
self-report vs accelerometer MPA/VPA/total
PA/total counts/d: r=0.02/-0.04/-0.04/0.06

School d: questionnaire=17.2+1.16 x
Caltrac (+98.5); weekend d: questionnaire =
68.5+1.26 x Caltrac (+164.8)

18 activities yesterday vs accelerometer:
06:00-12:00/12:00-18:00: r=0.06/0.03;
18 activities usual d vs accelerometer:
06:00-12:00/12:00-18:00; r=0.12/0.11

Continued next page
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Table II. Contd
Questionnaire® Study population® Comparison measure Results
Activity rating n=30 Accelerometer (Computer Accelerometer average movement
instrument(?4 Sex: 50% ? Science and Applications, count/frequency VPA: r=-0.03/0.04
Age: 11.2 (2.0) [7-15] Inc.); other questionnaire
PAQ-Cl9l Study 1 Cardiovascular fitness Study 1: fitness test: r=0.08;
n=991 (modified Harvard Step test) Study 2: fitness test: European
Sex: 49% ¢ American/African American: 0.30/0.02
Age: 10.7 (0.5)
Study 2
n=414
Sex: 49% @
Age: 8.7 (0.57)
PAQ-C[3] n=89 Questionnaire (athletic Athletic competence: r=0.48; behavioural
Sex: 57% ¢ competence); other conduct: r=0.16, activity rating: MVPA: 0.53,

Modified Godin-
Shephard (proxy)i2%!

Specific activity scorel3!

Stairs scorel®3!

Daughter
Questionnairet?'!

Age: 11.06 (1.46) [8-13]

n=479

Sex: 100% @

Age: 11.1 (1.54) [7-15]
n=471

Sex: 100% 2

Age: 11.1 (1.54) [7-15]
n=479

Sex: 100% ¢

Age: 11.1 (1.54) [7-15]
n=69

Sex: 100% 2

Age: 9.9 [8.5-12.7]

Older children and adolescents (mean age >12y)

PDPARIS?!

SAPAQIS]

SHAPES!s2)

PAQ-AIS3]

Sample 1

n=48

Age: grade 7-12
Sample 2

n=26

Sex: 46% @
Age: [15-18]

n=50
Sex: 62% ?
Age: 16.8 (0.4)

n=53

Sex: 53% ¢

Age: [6-12]
Country: Canada
Study 1

n=49

Sex: 43% ¢

Age: 13.5(0.3)
Study 2

n=210

Sex: % 2

Age: at test 11y, at retest
13y (same children
different measures)

(behavioural conduct, activity
rating, teacher’s rating,
MVPA)

Other questionnaires

Other questionnaires

Other questionnaires

Questionnaire (mother and
father version); activity diary

Accelerometer (Caltrac);
pedometer; HR monitor

Accelerometer (MTI)

Accelerometer (MTI)

Study 1: activity monitor
(Actigraph): total PA, percent
d MVPA;

Study 2: PAQ-C

MVPA >10min: 0.41, teacher’s rating:
r=0.45, PAQ-C+MVPA: r=0.53, 0.41; sex
differences: p<0.05

Perspire score: r=0.4; Stair score: r=0.2;
specific activity score: r=0.38

Perspire score/Stair score/Godin-Shephard:
r=0.3/0.10/0.38

Perspire score: r=0.17; Godin-Shephard:
r=0.2; Specific activity score: r=0.1

Activity diary: ICC =0.19-0.52 (for 10 sub-
scores)

Caltrac r=0.77 (n=48); pedometer: r=0.88
(n=48); HR: r=0.63 (n=26)

Total volume of self-reported PA (total MET-
min); time spent in PA/total counts/total
counts per min per d/time spent sedentary:
0.51/0.49/0.45/-0.45

MPA=0.31; VPA=0.25; MVPA=0.44;

EE from MVPA=0.44

Study 1: Spearman r: total PA/percent d
MVPA, original score: 0.47/0.49,
rescaled score: 0.56/0.63;

Study 2: Spearman r; PAQ-C:
original/rescaled score: 0.30/0.39

Continued next page
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Table II. Contd

Questionnaire® Study population® Comparison measure Results

Refined 60-min n=138 Accelerometer (Computer Accelerometer r=0.40

MVPAI2] Sex: 65% ¢ Science and Applications,
Age: 12.1 (0.9) Inc.)

PAQ-AI54 n=85 Accelerometer (Caltrac), Hypotheses: PAQ-A would be moderately
Sex: 52% @ questionnaire (7-d recall correlated with all other PA measures

PA screening
measurel?9]

Fels PAQI®4

SAPACH?!

3DPARI2

Modified Godin-
Shephard!9!

PAQAS!

IPAQI3]

FPACQIS!

YRBSI%9!

HAQIST

PAQIse]

Age: 16.25 (1.51) [13-20]

n=57
Sex: 65% @
Age: 13.9 (1.7)

n=229

Sex: 57% ?
Age: [7-19]
Country: USA

n=107
Sex: 70% %
Age: 12.5 (1.1)

n=130
Sex: 66% ?
Age: 12.5(1.1)

n=114

Sex: 60 ¢

Age: grades 6-8
Country: USA

n=188
Sex: NR
Age: 16 (0.4)

n=188
Sex: NR
Age: 16 (0.4)

n=33
Sex: 70% ?
Age: 14.4 (1.4) [12-18]

n=114

Sex: 60% ¢
Age: grades 6-8
Country: USA

n=683

Sex: 100% 2

Age: [9-19]

n=260

Sex: 100% 2

Age: 13.4 (1.1) [11-15]

interview, activity rating,
leisure-time exercise)

Accelerometer (Computer
Science and Applications,
Inc.)

Accelerometer (Actiwatch)

Accelerometer (Actigraph)

Accelerometer (Actigraph);
questionnaire (SAPAC)

Accelerometer (MTI)

Accelerometer (MTI)

Accelerometer (MTI)

Accelerometer (Computer
Science and Applications,
Inc.)

Accelerometer (MTI)

Accelerometer (Caltrac)

Accelerometer (Caltrac);
3-d diary

Accelerometer: r=0.33

7-d recall interview (PAR and PAR h):
r=0.59/0.51; activity rating: r=0.73; leisure-
time exercise (Godin 1/2): 0.57/-0.62

VPA (typical wk/past 7-d/composite):
r=0.31/0.36/0.37; 30-min MPA:
r=0.20/0.26/0.26 (NS); 60-min MPA:
r=0.46/0.37/0.47

Elementary/middle/high school

Total: r=0.32/0.12/0.11; sport:
r=0.32/0.07/0.34; leisure: r=0.28/0.28/0.20;
work: r=0.08/-0.13/-0.08

MVPA/VPA: r=0.24/0.28

Different cut-off points:
MVPA/VPA: r=0.28 (0.31)/0.16 (0.19)

Strenuous/moderate: r=0.23/0.13

Spearman r:
total: 0.27; LPA: 0.20; MPA: 0.18; VPA: 0.24

Spearman r:
total: 0.21; LPA: 0.14; MPA: -0.01; VPA:
0.29

Ranging from r=-0.22 (sports participation
at school) to r=0.78 (frequency hard
activities)

Accelerometer: r=0.10

Caltrac (past 3d): r=0.09

Caltrac: r=0.12/0.26, Kappa: 1/0, %
agreement: 33/48%; 3d diary: r=0.57/0.16,
Kappa: 0.15/0, % agreement: 43/26%

Continued next page
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Table II. Contd
Questionnaire® Study population® Comparison measure Results
SWAPAQI'e! n=24 Accelerometer (MTI) and Accelerometer: Spearman r=0.23
Sex: 70% ¢ DLW DLW: Spearman r=0.40, wide ratio LOA
Age: 17.1 (0.6) [16-17]
YPAQI®! n=25 Accelerometer (MTI) and 12-13y: accelerometer/DLW: Spearman
Sex: 30% ? DLW r=0.42/0.09; 16-17y: accelerometer/DLW:
Age: 13.1 (0.3) [12-13] Spearman r=0.11/0.46, wide ratio LOA
n=24
Sex: 70% @
Age: 17.1 (0.6) [16-17]
CHASE!®! n=25 Accelerometer (MTI) and MVPA-accelerometer/DLW: Spearman
Sex: 30% ? DLW r=0.12/0.45, wide ratio LOA
Age: 13.1 (0.3) [12-13]
IPAQ-A (long version)!®9] n=248 Accelerometer (Actigraph, MPA/total Actigraph Spearman rank
Sex: 49% ¢ MTI) r=0.15/0.20; MPA: LOA: 12-14y:
Age: [12-17] —283-149 min/d; 15-17: —186-170 min/d;
VPA: LOA: 12-14y: —120-64 min/d; 15-17:
—101-59 min/d
OPAQI?®! n=>51 Accelerometer (Caltrac) Spearman rank-order correlation: MPA 0.01;
Sex: 47% ? VPA 0.33; MVPA 0.32
Age: 12.6 (0.5)
7D-PARI®0] n=27 Continuous monitoring of the MPA: Kappa=0.02; Pearson r=0.05
Sex: 48% @ HR (Polar Precision VPA: Kappa=0.20; Pearson r=0.37 (n=25)
Age: 13.0 (1.2) [12-15] Performance 3.0 HR monitor)
HR >140 bpm=MPA, HR
>160bpm=VPA
7-d recall n=93 HR monitor; 7-d interview; HR >159 bpm MPA/VPA: 0.30/0.34;
questionnairel®1] Sex: 51% @ Godin-Shephard interview: little concordance; modified
Age: 12.2 (0.3) questionnaire Godin-Shephard: r=0.38
MONICA surveyl®2! n=125-223 Pedometer (Pedoboy); Pedoboy: r=0.22, n=223; VOumax: 1=0.17,
Sex:? % @ VOomax n=220; weekly sports act in club: r=0.55,
Age: [9-19]; n=125

QAPACE?]

APARQI®!

PA and Exercise
questionnairel®3]

Epidemiological
questionnairel®1]

Pedometer sample n=223;
sport act n=125; BMI
n=221; MONICA n=220

n=36
Sex: 50% ¢
Age: 12(2.6) [8-16]

n=1072
Sex: 48% ¢
Age: 13.1
n=954
Sex: 45% ¢
Age: 15.1

n=745

Sex: 54% @
Age: 14.3 (1.2)
n=100

Sex: 53% @
Age: [15-18]

Aerobic fitness: indirect
VOzpeak, by Léger test, direct
VOspeaks by ergo-spirometry

20 metre shuttle run test

2.4km walk-run test

Fitness tests (BMI, 1 mile run,
sit and reach, pull-ups, grip
strength); 4 x past wk
questionnaire; roster

DEE vs indirect/direct VO ppeax:
ICC=0.56/0.69

Grade 8: 3/2:r=0.15/0.21; grade 10: 3/%:
r=0.14/0.39

Walk-run test: r=0.21

Fitness tests ranging from —0.47 to 0.25;
H/wk: questionnaire: r=0.63/0.76 (‘92, ‘93);
MET-h/wk, questionnaire: r=0.68/0.83 (92,
‘93); VPA h/wk questionnaire: r=0.76/0.84
(92, ‘93)

Continued next page
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Table II. Contd
Questionnaire® Study population® Comparison measure Results
WHO HBSCI®® Sample 1 20 metre shuttle run test Active group had significantly higher aerobic
n=1072 fitness than inactive group
Sex: 48% ¢
Age: 13.1
Sample 2
n=954
Sex: 45% ¢
Age: 15.1
Modified Godin- n=93 HR monitor; other MPA modified Godin-Shephard 7-d recall:
Shephard (leisure-time Sex: 51% questionnaires r=0.38; other correlations: low

exercise questionnaire)[®'l

Age: 12.2 (0.3)

a See table IV for definitions of questionnaire names/acronyms.

b Age is presented as mean years (SD) [range].

AEE = activity-related energy expenditure; b =regression coefficient; BMC =bone mineral content; BMI=body mass index; bpm=beats per
minute; CNTSMIN =counts per minute; DEE =daily energy expenditure; DLW =doubly labelled water; EE =energy expenditure; HR=heart
rate; ICC =intraclass correlation coefficient; LOA = limits of agreement; LPA =light-intensity PA; MET = metabolic equivalent; MPA =moderate-
intensity PA; MVPA = moderate- to vigorous-intensity PA; NR = not reported; NS = not significant; PAL = physical activity level; PAR=7-day PA recall
kilocalorie energy expenditure index; r=correlation coefficient; TEE =total energy expenditure; \'IOZmax:maximum oxygen uptake; VOzpeak: peak
oxygen uptake; VPA = vigorous-intensity PA; ? indicates unknown or unclear; ¢ indicates female; & indicates male.

for all

the most

questionnaire acronyms
throughout this article) questionnaire (ICC=
0.49-0.87)1'4! was the most reliable; in children,

mentioned

reliable questionnaires were the
Total
21891
I
[ I |
PubMed EMBASE SportDiscus®
9733 7601 4284

Selection based
on titles and abstracts

Selection based
on titles and abstracts
not in PubMed

Selection based on
titles and abstracts not
in PubMed or EMBASE

s 55 54
[ | |
|
Total
393!
[
[ | |
Children Adults Elderly
83 260 59
Excluded
292
Included

54 papers on
61 questionnaires

GAQ,"81 which recalled 28 activities in a usual
week (ICC=0.82), and the PAQ-C (ICC=0.75
and 0.82 for boys and girls, respectively);!!” and,
in adolescents, the most reliable instruments were

Fig. 1. Flowchart of study inclusion. 1 One paper appears in both the review for adults and for the elderly; 2 The main reason for exclusion was
an interview instead of self-report.
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Table lll. Description of physical activity (PA) questionnaires for youth

Questionnaire® Target Construct Format
population construct setting recall period dimensions no. of questions  scores
Preschoolers (mean age <6y)
Questionnaire to Kindergarten Habitual activity ~ All In general None 1 Activity score (1-5)
mothers children level
(proxy),B81 v
Questionnaire to Kindergarten Habitual activity ~ All In general None 1 Activity score (1-5)
teachers children level
(proxy),1®®1 v
Parental report — Preschoolers Time playing Recr, school 24 h (wake-up to D 2 Min activities Range: 0-24 min
outdoor time outdoors bedtime)
checklist
(proxy),B1V
Parental report — Preschoolers Time playing Recr, school Typical wk/ D 2 Average daily time (in min) spent playing
outdoor time recall outdoors weekend d in the outdoors
questionnaire last mo
(proxy),B7V
NPAQ (proxy Young children Usual activity All Previous 6 mo None 7(+tonTV/ Activity score (0-5), watching TV
parents or (4-7y) patterns watching video
teachers),["*I R, V
CPAQ (proxy),l'®1  Children (4-5y)  Mode, All Past 7d F,D ? MVPA, PA EE
s frequency and

duration of PA

and sedentary

activities
Children (mean age >6 and <12 y)
PA questionnaire  Preadolescent PA All Previous d D 12 parents, 15and Amount of daily MVPA in min
for parents and children (4-8y) 16 for teachers
teachers
(proxy),1 4ol v
SAPAC 481y Fifth graders MVPA All Previous d F,D Checklist format  No. of activities, min of PA, volume of PA,

(10-11y) (21 activities) volume of PA including intensity ratings, min
sedentary pursuits, min MVPA, PA MET
scores, weighted MET score

Modified Primary school PA Sport, recr, Previous d D Checklist format Light, MPA, VPA, total PA+TV/video,
SAPAC,2A R children school (24 activities) computer use, total sedentary activity
ACTIVITY,B#1T v Young children PA All Previous schoold | 10 Activity score: potential range 0-1396

(<10y)

Continued next page
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Table Ill. Contd
Questionnaire® Target Construct Format
population construct setting recall period dimensions no. of questions  scores
GAQ,2IR, Vv African American PA Sport, recr, Yesterday and F,D 28x4+sedentary  Activity score
girls (8-10y) trans, school, usual d activities
home
GAQ,'8IR, V All 4x8+7 questions  Total PA score, (weighted) MET values, GAQ
about sedentary summary score
activities
Daughter Non-obese Patterns of PA Al Typical school d D Three timetables  Hrs/d sitting, standing, walking, exercising,
questionnaire preadolescent and typical (school, weekend, TV/VCR/video games
(proxy),211R, V girls weekend d (24 h) TV)
Mother and Father Non-obese Daily activity All Typical school d D ? Hrs/d sleeping, sitting, light PA/MPA/VPA,
questionnaire preadolescent level and typical TV/VCR/video games
(proxy),”"1R girls weekend d (24 h)
PAQ-C Children (8-14y) MVPA Sports and Previous 7d F 9 (1-5scale), 28  Original PAQ-C summary score (averaged of
modified, 44531 leisure activities the sum of the nine items); rescaled PAQ-C
summary
PAQ-C #3491 v Children (9-15y) MVPA Sport, recr, Previous 7d F 9 Activity score
school
PAQ-C,'IR Older children Habitual MVPA  All Previous 7d F 10 Activity score +checklist, PE class, recess,
(9-15y/grades lunch, after school, evening, weekend,
>4) described best, wk summary
MARCA 421 v Children and Activity All 1drecall D, I Segmented-d PAL, time spent above a given MET level, time
adolescents behaviour, i.e. format (web- spent lying down, sitting, standing or in
use of time and based) locomotion, no. of min and estimated energy
daily EE cost for any activity or set of activities, time
distribution of any activity or set of activities
Self-report PA Primary school PA and outdoor Sport, recr General wk F, 4+sectionon TV Participation in sports club, PA intensity,
Questionnaire for  children (9-11y)  playing (playing watching and frequency of PA, preferences for PA
Schoolchildren,”] outdoors) video games
\
CLASS,'4191 R,V Primary school Usual PA All Usual weekday and F, D 30 activities + 6 Frequency MPA, frequency VPA, duration
children weekend d, typical MPA, duration VPA intensity (min/wk)
wk
Modified Godin- Schoolchildren PA All Previous d D Checklist format TEE, kcal without the resting metabolic rate
Shephard, 8 v (10-13y)
Modified Godin- Schoolchildren Habitual PA Sport, recr, Past y, usual wk F, 1 1 Weekly average of the no. of times they engaged
Shephard exercise during in strenuous, moderate or mild exercise for
(proxy),2¥I R, V free time >15min during their free time over the last y

Continued next page
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Table Ill. Contd
Questionnaire® Target Construct Format
population construct setting recall period dimensions no. of questions  scores
Modified Godin- Schoolchildren Leisure-time All Previous wk F ? Frequency hard, moderate, easy
Shephard (leisure- PA
time exercise
questionnaire),6']
Vv
Activity-rating Children (7-15y) Usual PAinlast ? 3mo None 1 Activity level (1-7), activity level compared
instrument,24 R, V 3 mo with peers
Specific activity Girls (7-15y) Habitual PA Sport (11 Pasty F,D, I ? Average weekly TEE over past y
score,??1R, V types)
PAQ,28I R, V Elementary Usual activity ? ? F,D Checklist with 22 Activity score
school children patterns activities
and their parents
Stairs score,?® R,  Girls (7-15Y) No. of flights of  Trans. Pasty F 1 5-point scale/no.
\ stairs climbed
daily
CHASE,"®IR, vV Primary school Mode and All ? F 25 Lifestyle score
children living in  frequency of PA
the UK and sedentary
activities
Health Survey for  Parents of British Habitual level of ~All outside Previous 7 d ? ? MVPA min perd
England PA children MVPA school
Questionnaire
(parent-report),14e!
Vv
SNAP, 391 v Children and Physical and Sedentary, Previous 24 h D, 1 Web-based, MVPA
adolescents sedentary structured, segmented-d
activities household format
chores and
play, trans
Older children and adolescents (mean age >12y)
Self-administered  Modified for MPA/VPA All Normal 7-d period D ? Vigorous and moderate no. of h
7-day recall children (12y)
questionnaire, 1 vV
SHAPES, 521 v Schoolchildren MVPA All Previous 7 d F,D 10 Min/d VPA/MPA, MVPA, PAL, weekly screen
time, EE on MVPA
Pathway PA recall ~ Children and PA All (standard ~ Previous 24 h F Checklist format  No. of activities reported, frequencies of

questionnaire
(PAQ),[MR, V

adolescents

list of common
activities)

different types of activities, intensity

Continued next page
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Table Ill. Contd
Questionnaire® Target Construct Format
population construct setting recall period dimensions no. of questions  scores
CPAR,[251R, V Youth (middle Sedentary and  All Previous d D Checklist Min activities/d, activity-related EE
school) PA
PDPAR, 50 v Youth (high PA Sports, recr, Previous d | 35 activities to be  TEE, EE during specific periods of time, EE in
school) trans, home, filled in 30-min specific activities, no. of 30-min block >4 MET
(after school h, blocks
i.e. 1500-2330)
3DPAR,[®2IR, V Adolescents Daily PA All Previous 3 d F 50 activities with No. of blocks MVPA (>3 METSs) or VPA (>6
patterns main activity to be METS) per d
filled in 30-min
blocks
SAPAC,IB2R, V Adolescents Daily PA All Previous 3d D 50 activities No. of min MVPA (>3 METSs) or VPA (>6
patterns METs) per d
PAQ-A,54V Adolescents General levels  Sports, recr, Last 7d F 9 Range: 1-5
of PA duringthe school (PE
school y and lunch
recess)
SWAPAQ,l"851 R, Adolescents PA Leisure time, Last7d F,D, I 25 Total min of self-reported PA and total MET
\' trans, school min, MVPA
YRBS, 55 v Youth Participation in Al Previous wk F 1 No. of d
strenuous PA
APARQ,*®IR, V Adolescents PA Sport, recr, Normal wk F,D 4 EE and activity score
trans
FPACQ,!581 v Adolescents PA All, except PE  Usual wk F,D ? H/d and MET-hrs trans and sports; h/wk
aged 12-18y using TV and computer; sport-intensity index
(MET); F/wk VPA; d/wk MPA
Modified Godin - Middle school- Participationin  All Average wk F 3 D/wk strenuous, moderate and mild PA during
Shephard aged children leisure-time school y and summer
Questionnaire, 5% exercise
Vv
WHO HBSC,[3%:361  Schoolchildren, PA, time spent  Sports, recr Usually (in a wk) F,D 2 Frequency score, duration score, combination
R,V children and being (outside score
adolescents vigorously school h)
active outside
school h
MONICA Children and Habitual PA All Previous wk/past F,D ? No. of sport activities/sessions performed in
survey, 62y adolescents 12mo last wk/no. of min of PA inducing sweating
(9-19y) perd

Continued next page
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Table Ill. Contd
Questionnaire® Target Construct Format
population construct setting recall period dimensions no. of questions  scores
PA and Exercise Singapore PA patterns Sport, recr, all  Current PA level, F,D 5 (1+4 multiple- Activity scores: d of hard exercise, d of easy
Questionnaire,!%3  primary and previous 14d PA choice questions) exercise, TV, video computer h, no. of sports
\ secondary level, annual sports played (annual), activity grouping
schoolchildren participation/events
Fels PAQ,®4 R,V  Children (7-19y) Habitual PA Sport, recr, Pasty F 8 Activity score, and sport, leisure and work
trans, home index
HAQ,571 v Girls (10-18/19y) Habitual PA Sports, recr, Pasty F ? Activity score, MET times/wk
school sports
Epidemiological Adolescents Leisure-time Sports, recr Pasty F,D Table format MET h/wk, VPA h/wk
questionnaire, 3] PA (leisure time)
R,V
MVPA screening Adolescents in Meeting All Previous 7d and F,D, I 6 (2 VPA, 4 MPA) Meeting guidelines for healthy activity/fitness
measure,?' R,V primary-care guideline for PA typical wk
setting
Refined 60-min Adolescents Meeting All (not Previous 7d, F 2 Meeting guidelines for healthy activity (d/wk)
MVPAPI R, v guideline for PA  described) usual/typical wk
Weight-bearing Girls (11-15y) Level of weight- Sport, recr, Average weekly D 58 (Corrected) energy score (min * METS and
PAQ,581V bearing school, home  time in previous mo weight-bearing score (min = WEIGHT factor),
activities and high active/medium active/low active
QAPACE,” R,V  Youngsters in Daily PA All Pasty F,D 18 Daily energy expenditure
Bogota
IPAQ (short Adults PA VPA, MPA, Habitual or past wk F, D ? VPA: d/wk and min/d
version),[3035I R, V walking MPA: d/wk and min/d
Walking: d/wk and min/d
MET min/d
PAQA,BSIR Adolescents PA ? Habitual wk F,D ? MET min/d, LPA (sitting/sleeping), MPA/d,
VPA/
PAQ-A/1531V High school MVPA Sports and Past7d F 9 (1-5scale), 28 PAQ-A summary score (original or rescaled)
students leisure activities
(14-18y)
YPAQ,['®IR, V Schoolchildren Mode, All Past7d F,D 47 activities MVPA, PA EE

(12-17y)

frequency and
duration of PA
and sedentary
activities

Continued next page
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school students
a See table |V for definitions of questionnaire names/acronyms.

D

kilocalories; LPA=light-intensity PA;

home-based activities (household and gardening); I=intensity; kcal

frequency; home=

energy expenditure; F

metabolic equivalent; MPA

duration; EE

physical education; R=reliability data

physical activity level;, PE=

moderate- to vigorous-intensity PA; PAL

total energy expenditure; TV

moderate-intensity PA; MVPA
transport; TEE

MET=

vigorous-intensity

video cassette recorder; VPA

validity data available; VCR=

television; V=

=recreational; trans

available; recr

PA; ? indicates not specified or unclear; * indicates multiplication.

the QAPACE (ICC=0.96)27 and the OPAQ
(ICC=0.76-0.91).81

2.3 Construct Validity

Table II summarizes the studies on construct
validity. Construct validity was assessed for seven
questionnaires among proxies of preschoolers, 25
questionnaires among children and 31 among
adolescents. Construct validity was mostly eval-
uated by correlations between the questionnaire
and accelerometers (n=46). In preschool chil-
dren, the highest correlation with accelerometers
was found for the CPAQ (r=0.42)l'%1 and the
NPAQ (r=0.33 and 0.36 for total activity and
vigorous activity, respectively).['3] In primary
school children, the highest correlations with an
accelerometer were found for the Physical Ac-
tivity Questionnaire for Parents and Teachers*’!
(r=0.53) and the ACTIVITY™! (r=0.40). An-
other questionnaire, the SNAP,*! found a mean
difference of —9 minutes between the SNAP and
an accelerometer. In adolescents, the highest cor-
relations with an accelerometer were found for the
PDPAR (r=0.77)5% and the SAPAC (r=0.51).51

2.4 Responsiveness

Responsiveness of PA questionnaires was
studied for only one questionnaire: the HAQ.[”]
For this questionnaire, there was a parallel trend
in the pattern of the decline in activity among the
HAQ, an activity diary and a Caltrac accel-
erometer over a period of 3 years. From years 3 to
5 (ages 11-12 to 13-14 years), the diary score
decreased by 22%, whereas both the HAQ and
Caltrac declined by 21%.

3. Discussion

A wide variety of PA questionnaires are
available for youth of varying age recalling dif-
ferent dimensions of PA. Few have been exam-
ined for use in preschool children. None of the
questionnaires included in our review showed
acceptable reliability and acceptable validity.
Reported reliability and validity varied, with test-
retest correlations ranging from 0.02 to 0.96, and
correlations between activity questionnaires and

Sports Med 2010; 40 (7)
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Table IV. Full list of questionnaire acronyms and their corresponding definitions

Questionnaire acronym Definition

3DPAR 3-Day Physical Activity Recall

7D-PAR 7-Day Physical Activity Recall Questionnaire

ACTIVITY Assessment of Young Children’s Activity using Video Technology
APARQ Adolescent PA Recall Questionnaire

CHASE Child Heart and Health Study in England Questionnaire
CLASS Children’s Leisure Activities Study Survey

CPAQ Children’s Physical Activity questionnaire

CPAR Computerized PA Recall

Fels PAQ Fels PA Questionnaire for Children

FPACQ Flemish PA computer questionnaire

GAQ Girls health Enrichment Multisite Study Activity Questionnaire
HAQ Habitual Activity Questionnaire

IPAQ International PA Questionnaire

IPAQ-A International PA Questionnaire-modified for adolescents
MARCA Multimedia activity recall for children and adolescents

MONICA Monitoring instrument for cardiovascular disease survey

NPAQ Netherlands Physical Activity Questionnaire for Young Children
OPAQ Oxford Physical Activity Questionnaire

PAQ Physical Activity Questionnaire

PAQA Physical Activity Questionnaire for Adolescents, locally modified
PAQ-A Physical Activity Questionnaire for Adolescents, modified
PAQ-C Physical Activity Questionnaire for Older Children

PDPAR Previous Day Physical Activity Recall

QAPACE Quantification de I'activité physique en altitude chez les enfants
SAPAC Self-Administered Physical Activity Checklist

SAPAQ Self-administered Physical Activity Questionnaire

SHAPES School Health Action, Planning and Evaluation System

SNAP Synchronised Nutrition and Activity Program

SWAPAQ Swedish Adolescent Physical Activity Questionnaire

WHO HBSC World Health Organization Health Behaviour in Schoolchildren questionnaire
YPAQ Youth PA Questionnaire

YRBS Youth Risk Behavior Survey

accelerometers ranging from ‘very poor’ to 0.77.
Responsiveness was only studied in one ques-
tionnaire: the HAQ.I57] These results suggest that
the response patterns of the HAQ are comparable
to that of the Caltrac accelerometer or a diary.
In general, PA questionnaires for adolescents
correlated better with accelerometer scores than
PA questionnaires for children. This finding may
be due to difficulties in recalling PA, in compre-
hensibility of the questions or the difference in the
activity patterns of children and adolescents.

© 2010 Adis Data Information BV. All rights reserved.

Few instruments have been evaluated in mul-
tiple studies (e.g. the PAQ-C,[17431 CLASSI!4:19]
and the GAQ).['8:20 The reliability of the PAQ-C
was good in one study,[!” and its validity was
moderate in another.*3] Both studies!'*!'"! that
investigated the reliability of the CLASS found it
to be adequate, while validity relative to accel-
erometry was poor. For the GAQ, reliability was
adequate in one of the two studies,'8! while
validity relative to accelerometry was poor in
both.['3:291 The Godin-Shephard questionnaire,

Sports Med 2010; 40 (7)
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which was originally developed for adults, was
modified for children in three studies.[?348:5]
However, all three studies evaluated a different
version.

Since there were no questionnaires with both
acceptable reliability and validity, we propose
that the most promising questionnaires are im-
proved and evaluated in multiple high-quality
studies. Promising questionnaires for children are
the PAQ-C.I'" GAQ,[!8:201 CLASS,!!4!) the Physi-
cal Activity Questionnaire for Parents and Tea-
chers,[* the ACTIVITY™! and the CPAR.*%! For
adolescents, the QAPACE,?1 OPAQ,*81 SNAP,3
PDPARPY and SAPACP! seem promising.

As with any systematic review, this review is
limited by the quality of the included studies.
Because of the large variation in study design,
incomplete reporting of the studies and the lim-
ited methodological quality of the majority of the
primary studies, it was not possible to apply our
intended criteria of adequacy for the methodo-
logical quality and study results. Frequent meth-
odological shortcomings of the studies were small
sample sizes (25 studies with sample sizes of <50),
inadequate time intervals between test and retest
(frequently too long), not taking systematic dif-
ferences into account in assessing reliability (i.e.
using a correlation instead of ICCs in seven stud-
ies), only evaluating relative validity and not ab-
solute validity (i.e. using correlations instead of
measures for agreement in all but two stud-
iest3) In concordance with Sallis and
Saelens[®! and Oliver et al.,[% we also found that
almost all studies only examined relative validity
expressed as correlations. Correlations do not
pick up systematic differences between two mea-
sures. Thus, two measures may have a strong and
statistically significant correlation while the
agreement between both measures may be low. In
cases where measures have the same unit of
measurement, it is preferable to calculate the ab-
solute agreement by using, for instance, Bland
Altman plots. This method has seldom been used
in validation studies of PA questionnaires. Only
four studies included in our review calculated
Bland Altman plots.[16-27:46.5]

We only included studies that intentionally
evaluated measurement properties of PA ques-

© 2010 Adis Data Information BV. All rights reserved.

tionnaires. It is possible that more evidence is
available in the literature that could be used to
determine the validity or responsiveness of the
questionnaires (e.g. in studies that examine the
validity of other PA measures). Furthermore, we
included only English-language publications and,
therefore, we may have missed some publications
on additional PA questionnaires in other lan-
guages. Questionnaires that received a negative
rating are not necessarily bad questionnaires. It
may also be that reliability has been inadequately
studied or that the report of the study was
incomplete.

Three measurement properties were not rated
in our review: content validity, criterion validity
and measurement error. Content validity refers
to the degree to which the content of an instru-
ment is an adequate reflection of the construct to
be measured. Content validity was not rated be-
cause no studies examined or reported on content
validity. Criterion validity refers to the degree to
which the scores of an instrument are an ade-
quate reflection of a ‘gold standard’. There is no
gold standard for the assessment of PA; thus,
criterion validity could not be rated. Although
the doubly labelled water technique or the res-
piratory chamber is considered a gold standard
for the assessment of energy expenditure, these
methods are not considered a gold standard for
the assessment of PA. Measurement error is the
systematic and random error of a subject’s score
that is not attributed to true changes in the con-
struct to be measured. None of the included
studies evaluated measurement error.

3.1 Reliability

A reliability study should have an adequate
time interval between the two administrations.
For questionnaires recalling the previous day or
previous week, retests need to cover the same
timeframe as the initial test.[®® Otherwise, lower
ICCs may be the result of actual differences in the
activity pattern between the recalled days. Recalls
of ‘usual’ PA should be less sensitive to the time
interval between tests. We acknowledge that the
criteria relating to the appropriate time interval
between test and retest are arbitrarily chosen.

Sports Med 2010; 40 (7)



560

Chinapaw et al.

3.2 Validity

A reasonable gold standard for measuring PA
does not exist; thus, criterion validity cannot be
assessed. Instead, the construct validity of instru-
ments measuring PA can be evaluated. In con-
struct validity or responsiveness studies, it is
important to state an a priori hypotheses. When
these hypotheses are not specified, the risk of bias
is large because often only the positive results will
be presented. This is an ongoing process. Further-
more, the construct of PA is a formative model, i.e.
the items in the questionnaire measuring PA need
not be highly correlated. Therefore, structural
validity (the degree to which the scores of an instru-
ment are an adequate reflection of the dimen-
sionality of the construct to be measured), usually
evaluating with a factor analyses, is also not ap-
plicable to PA questionnaires. Therefore, to eval-
uate validity of a PA questionnaire, one can only
rely on content validity and construct validity.

3.3 Comparison Measures

The selection of an appropriate comparison
measure against which to validate PA ques-
tionnaires is difficult. As such, in the included
studies, many different criteria were used to vali-
date PA questionnaires for youth: direct obser-
vation; accelerometers; heart rate monitors;
pedometers; fitness tests; and other ques-
tionnaires. Each of these comparison measures
has advantages and disadvantages, and it de-
pends on the dimension of interest as to the most
appropriate comparison measure. According to
Sirard and Pate,[®”! direct observation is the most
practical and appropriate measure for PA.
However, observation is a highly demanding
method for the researcher, and the actual pre-
sence of an observer may also influence the be-
haviour of a subject. Other measures (e.g. doubly
labelled water and indirect calorimetry) are not
practical for use in large populations under free-
living conditions. Moreover, these measures are
only suitable for assessing energy expenditure.

The accelerometer is a commonly used tool
against which to compare PA surveys. This is
because of its ability to objectively detect amount,

© 2010 Adis Data Information BV. All rights reserved.

frequency and duration of movement,°%-:°1 and
its predictive relationship with heart rate and
energy expenditure in the laboratory.l’%-711 Ac-
celerometers have also shown their validity
during free-living activities in youth.[’2l However,
accelerometers are better at detecting ambulatory
activity (e.g. walking and jogging) than non-
ambulatory activities (e.g. cycling), the lifting of
heavy objects and surface incline or decline
during locomotion such as stair walking.[7?]
Other limitations of accelerometry include errors
associated with regression equations used to de-
rive cut-off points for moderate- and vigorous-
intensity activity.[’>7# There is no consensus
about appropriate cut-off points for classifying
accelerometer output into different intensity
levels for youth; intensity cut-off points vary
widely. Corder et al.[”> recommend moving away
from the use of arbitrary count-based cut-off
points towards a more universally comparable
approach of using acceleration (metres/second)
to summarize accelerometry data. In particular,
activity patterns of young children may include
more horizontal motion, such as rolling, crawling
and climbing, highlighting the need for more
sophisticated accelerometers capturing omnidirec-
tional movement rather than only vertical accel-
erations. The epoch time used may influence the
results. Most studies assessing PA in youths have
set the epoch at 60 seconds.[3+7%7"1 However, typ-
ical for youth are short, intermittent bursts of
PA with frequent rest periods of a longer dura-
tion.”78 The median duration of moderate- and
high-intensity exercise appears to be only 6 and
3 seconds, respectively. As a result, moderate- and
high-intensity exercise bouts may become incon-
sequential when summed over a 60-second epoch,
which suggests the need to use a smaller epoch
time. The new accelerometer/heart rate monitors
show promising results and might be better at
estimating PA levels than either measure alone.
Other measures seem less suitable for valida-
tion studies. Heart rate monitors have been vali-
dated against doubly labelled water and seem
valid for classifying groups of individuals rather
than estimating individual PA levels.[®”) Heart
rate is not only sensitive to emotional stress
and body position, but also to body mass.[”"]
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In regards to pedometers, more high-quality
research is needed to show their validity and re-
liability for assessing PA in children and adoles-
cents.8%811 Pedometers detect only total counts
or steps, and cannot assess activity patterns or
intensity. Validation against other questionnaires
or diaries is problematic since both are dependent
on self-report, and we cannot say which is su-
perior. Physical fitness tests should not be used to
validate PA questionnaires since these are two
different constructs. Aerobic fitness is weakly
associated with PA, especially in youth.[8283]
Moreover, changes in PA only influence physical
fitness in the longer term.

3.4 Recommendations Regarding Future
Studies

Terwee et al.,['% provide general recommend-
ations for evaluating the measurement properties
of PA questionnaires (QAPAQ). For assessing
validity of youth PA questionnaires relative to
accelerometry we propose the following addi-
tional recommendations: a monitoring period
of at least 6 days; using a smaller epoch time (e.g.
15 seconds); standard methods for analysis of
accelerometer data; and, preferably, the use of
accelerometers that capture omnidirectional
movement rather than just vertical accelerations.

4. Conclusions

Considerably more high-quality research is
needed to examine the validity and reliability of
promising PA questionnaires for youth. Since
there is no gold standard for assessing PA, vali-
dation against different measures such as direct
observation combined with accelerometry should
be considered. Furthermore, in validity or re-
sponsiveness studies, it is important to state a
priori hypotheses. When these hypotheses are not
specified, the risk of bias is large because often
only positive results are presented. Standardized,
quality criteria (such as QAPAQ) for studies ex-
amining measurement properties of PA ques-
tionnaires are important for the improvement of
the methodological quality of future validity and
reliability studies.

© 2010 Adis Data Information BV. All rights reserved.
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