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Abstract 
Objective: To review and categorize the problems associated with undertaking 
physical activity validation studies and to construct a checklist against which any 
study could be compared. 
Results: The studies reviewed demonstrated problems in defining the dimension of 
physical activity that is of interest and in the selection of an appropriate comparison 
technique. Ideally this should be closely related to the true exposure of interest and 
assess that exposure objectively and without correlated error from the study 
instrument in question. In many studies inappropriate comparison methods have 
been chosen which do not measure the true underlying exposure and which are 
likely to have correlated error. The choice of study populations, the frame of 
reference of the exposure measurement and the use of appropriate statistical methods 
are also problematic areas. 
Conclusions: There is no ideal measurement instrument or validation study design 
that is suitable for all situations. However, the checklist in this paper provides a means 
whereby the appropriateness of studies already undertaken or at the planning stage 
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can be assessed. 

Physical activity plays an important role in the aetiology 
of many chronic diseases such as type 2 diabetes, 
cancer and coronary heart disease'. However, 
physical activity is a complex, multidimensional 
exposure which is difficult to measure, and most of 
the evidence of its importance has come from studies 
using subjective questionnaires. Although question- 
naires have been sufficient to demonstrate crude 
associations with disease end-points, uncertainties 
exist about which dimension of physical activity is 
being assessed, and the degree to which that 
assessment is valid2. 

These uncertainties can lead to difficulties in 
formulating intervention strategies. For example, as a 
result of the use of simple questionnaires in studies of 
the aetiology of type 2 diabetes, it is unclear whether 
public health interventions should be designed to 
increase total energy expenditure or to increase 
fitness2. These are distinct public health targets, as it 
is a different proposition to advocate vigorous activity 
rather than increasing energy turnover. Therefore, the 
appropriate design of interventions is dependent on 
the availability of precise epidemiological data, which 
is, in turn, dependent upon having valid physical 
activity measures. 

The choice of an appropriate instrument for 
measuring physical activity in a particular study 

Energy expenditure 

depends upon a number of factors, including the 
main dimension of physical activity that is of health 
interest, the size of the study and the frame of reference 
(e.g. current activity or past activity). A wide range of 
possible field methods exist and the relative merits 
of each have been discussed in previous  review^^-^. It 
is not our intention in this article to undertake a similar 
review, but rather to give a commentary on the notion 
of validity for these physical activity measurement 
instruments, to characterize the types of validation 
studies and the issues around their design, conduct and 
interpretation. These issues are important not only for 
researchers planning validation studies, but also for 
those who plan to apply physical activity measurement 
instruments in new studies or interpret the results of 
published studies in which they have been utilized. 

Validity and physical activity measurement 
Instruments 

In this article, we define validity as the extent to which a 
measurement instrument assesses the true exposure of 
interest. This is a different construct to repeatability, 
which is the extent to which an instrument gives the 
same result on different occasions. Though this is an 
important attribute of any instrument, it is not 
synonymous with validity. Unfortunately, repeatability 
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is easier to measure and is often given undue attention. 
Attempts to measure true validity are less frequent. 

A particular problem in the physical activity field is 
that the exposure is multidimensional and some 
researchers use terms to define the underlying 
dimensions interchangeably. In the Surgeon General’s 
report on the relationship of physical activity to health’, 
physical activity was defined as ‘any bodily movement 
that is produced by the contraction of skeletal muscle 
and that substantially increases energy expenditure’. 
Exercise, which is a sub-component of energy 
expenditure, was defined as ‘planned, structured, and 
repetitive bodily movement done to improve or 
maintain one or more components of physical fitness’. 
Physical fitness, ‘a set of attributes that people have o r  
achieve that relates to the ability to perform physical 
activity’, includes cardiorespiratory fitness which ‘is a 
health-related component of physical fitness that 
relates to the ability of the circulatory and respiratory 
systems to supply oxygen during sustained physical 
activity’. Other dimensions of physical activity include 
flexibility, weight-bearing and muscular strength. 

Clearly an accurate definition of the main exposure 
of interest is fundamental to the appropriate design of a 
measurement instrument and its validation. Our focus 
in this article is on the measurement of physical activity 
as defined by the Surgeon General’s report, which we 
take to be synonymous with total energy expenditure 
and not just that component related to programmed 
exercise. 

Validation instruments 

A particular problem in validation studies of physical 
activity is selecting an appropriate comparison method. 
The ideal validation instrument would objectively 
measure the true exposure with uncorrelated error 
from the method being validated6. Often it is not 
possible to use a gold standard, but if a more practical 
instrument is chosen, it should have a high correla- 
tion with the gold standard method’. This is particu- 
larly true if the epidemiological focus is on an 
unmeasureable or latent variable, such as usual 
physical activity, which can only be estimated rather 
than directly measured’. 

The definition of the time frame of interest of the 
questionnaire determines how it should be validated. If 
the time frame of interest is 1 year, the measurement 
instrument chosen will be of a different type to that 
chosen for a short time frame. It might be possible 
to use a gold standard method as a validation 
instrument in a short time frame study, but the 
assessment of longer time frames requires the use of 
a repeated measures design or an intermediate method 
which has been validated against the gold standard 
technique. 

If a questionnaire is designed to measure total 
energy expenditure, then the comparison instru- 
ment for a validation study should measure this 
exposure9. Conversely, if the intention is to estimate 
self-reported leisure time physical activity, then it is 
appropriate to use other measures of behaviour as 
the comparison, for example recall diaries. How- 
ever, in some studies inferences have been made 
about a physiological construct such as total energy 
expenditure using a questionnaire that measures self- 
reported behaviour, when the latter has not been 
directly compared with the underlying physiological 
variable. 

A wide range of validation instruments have been 
used in different studies. These vary from other 
questionnaires through to more objective physiological 
measures. Given that the focus of this article is on the 
measurement of the energy expenditure component of 
physical activity, the following section discusses the 
appropriateness of different possible validation instru- 
ments. 

Subjective measures 
Some studies have validated questionnaires against 
other self-reported physical activity measurements. 
For example, in the US National Health Interview 
Survey, three subjective questions on job-related, 
main daily activity and comparison to peers were 
moderately correlated with a separate continuous 
energy expenditure score from the questionnaire”. 
Recall diaries have also been used as tools to validate 
physical activity questionnaires. In a study of physical 
activity in adolescents, for example, a questionnaire of 
past year physical activity was compared to four 7-day 
recalls completed over 1 year and reported correlations 
of 0.55-0.67 for boys and 0.73-0.83 in girls were 
reported”. Although correlations of this type with 
other subjective questions or diaries may suggest 
validity, the validation instruments selected are not of 
a different type, and may, therefore, be subject to 
correlated error. 

Objective measures 
Components of cardiorespiratory fitness have been 
measured in studies and used as validations for 
questionnaires. Cardiorespiratory power has been 
measured by resting heart rate12, time spent on a 
maximal graded treadmill exercise test and heart rate 
response to a submaximal exercise allowing a 
prediction of maximal VO,’~-‘~. The number of studies 
that have employed this approach is an indication of 
the ease of assessing fitness rather than necessarily its 
epidemiological importance. 

The main problem of using a measure of fitness, 
such as VoZmax, as a reference measure is not its 
accuracy, but its relevance to physical activity or energy 
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expenditure. Studies of questionnaires concentrating 
on episodes of vigorous physical activity may find 
higher correlations with V02max than those that attempt 
to measure total daily physical activity , 
because vigorous activities, which are related to fitness, 
are more reliably recalled in  questionnaire^^^"^. This 
does not imply that these questionnaires can be used to 
measure the totality of physical activity. 

Although fitness and total energy expenditure are 
related, they are not synonymous. Those individuals 
with high energy expenditure may not necessarily be 
fit, as measured by V02max22. High energy turnover may 
be the result of prolonged moderate activity, rather 
than bursts of vigorous activity. In addition, people 
who spend more time in vigorous activity may 
compensate by spending less time on moderate 
activity, and therefore have a relatively low total 
energy expenditure. 

Other validation studies select comparison measures 
that are related to physical activity, but are not direct 
measures of it. These include measures of obesity such 
as body mass index (BMI)12*15*20927 , body composi- 
tion14,20,22 , respiratory function' 4,1 5320*22 and high- 
density lipoprotein (HDL) c h ~ l e s t e r o l ' ~ * ~ ~ * ~ ~ * ~ .  The 
indirectness of these measures might be acceptable if 
the underlying association with the true exposure were 
strong. However, in each case this association is only 
relatively Wong et al. have demonstrated 
that if a validation instrument has only a moderate 
correlation with the underlying true exposure 
(PRT 50.6)  , then it is unlikely to be a good choice'. 
This is particularly true if there is even a moderate 
degree of correlated error (2 0.2), in which case 
attempts to adjust the observed relationship for 
measurement error can lead to serious biases7. 

By contrast, there are other physiological measures 
that have much higher order of correlation with a gold 
standard measure of the true exposure. Heart rate 
monitoring has been used to estimate oxygen con- 
sumption and energy expenditure. It has been 
validated against doubly labelled water and indirect 
calorimetry with a reported correlation of 0.9429. 
Subjects wear a heart rate monitor on their chest and 
minute-by-minute heart rate is recorded. To overcome 
individual variation in heart rate response to activity, a 
calibration is used to establish the Vo2 to heart rate 
relationship for each This technique may 
be suitable as an objective instrument for validating 
questionnaires aimed at estimating total energy 
expenditure, but as yet no such studies have been 
published. 

Caltrac, an accelerometer worn on the hip, has 
been used in several studies as a validation instru- 

. Using a piezometer and the input of the 
subjects' age, sex, weight and height, an estimate of 
total energy expenditure and the energy cost of activity 

13.15-17,20-24 

merit 1422.32-37 

is computed. In theory Caltrac appears to be a good 
validation instrument since it is an objective, indepen- 
dent measure of physical activity that is unlikely to have 
correlated error with a physical activity questionnaire. 
However, in validation studies of Caltrac the degree of 
correlation is not as high as for heart rate monitoring%. 
These studies have all been in controlled conditions, 
and in the field Caltrac is less reliable and more prone 
to mechanical failure. Nor  can it accurately estimate the 
energy cost of activities such as cycling, and rowing, or  
weight-bearing movement. Like other movement 
sensors39, it is not waterproof and cannot be worn 
during swimming. Subjects are often asked to record 
these activities separately, but this reduces the 
objectivity and accuracy of the instrument. This may 
explain why Caltrac does not correlate with intense 
activity as e ~ p e c t e d ' ~ .  The observation of a low 
correlation between Caltrac and questionnaire estima- 
tions of physical activity'4*22*32-36.40 could be a function 
of the problems of Caltrac as a validation instrument, or 
may reflect the difficulty of constructing a question- 
naire to estimate total energy expenditure. Other 
movement sensors include the Tritrac system, which 
records three-dimensional movement and may over- 
come the problems of estimating energy expenditure of 
stair climbing and cycling. Vitalog, a solid-state 
microprocessor with three chest electrodes to deter- 
mine heart rate and a mercury switch motion sensor 
attached to the anterior thigh to detect leg and body 
movement, has been used to compare a 7-day, 
interviewer-administered activity recall, and correlated 
well with the activity reported in the recal141. 

A more direct physiological assessment of total 
energy expenditure can be made using the doubly 
labelled water method, in which energy expenditure is 
estimated in free-living individuals by the ingestion of a 
quantity of water with a known concentration of 
isotopes of hydrogen and oxygen. From the difference 
in elimination rates of the two isotopes from the body, 
carbon dioxide production and oxygen consumption 
are calculated. Schuit has used the technique to validate 
the Physical Activity Scale for the Elderly (PASE) 
questionnaire in 21 elderly people and reported a 
correlation coefficient of 0.58 (CI = 0.5-0.81)42. Simi- 
larly, Schulz compared the Modifiable Activity Ques- 
tionnaire against doubly labelled water43. The 
technique is expensive both in terms of materials and 
analysis, thus limiting its application to small validation 
studies. 

Choice of validation study populations 

Representativeness 
In general the sample population selected for a 
validation study should reflect the population to 
whom the questionnaire will be applied. Physical 
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activity questionnaires are usually designed to measure 
population-level associations with chronic diseases, 
such as coronary heart disease or type 2 diabetes. 
Although these questionnaires are intended for use in 
general populations including ethnic minority 
groups, they are often validated in specific subgroups 
such as relatively active Caucasian populations. 
The use of university staff and student volunteers, 
although convenient for r e c r ~ i t m e n t ’ ~ * ~ ~ * ~ ~ ~ ~ ~ ,  intro- 
duces the potential for bias as these subgroups may not 
be representative of the general population. For 
example, in the Study of Activity, Fitness and Exercise 
(SAFE) 94% of the subjects were Caucasian, 71% of 
them held graduate degrees and most were non- 
smoking22. In addition, a large percentage of this 
group participated in vigorous activities and had 
sedentary jobs. In this subgroup, leisure time physical 
activity forms a major component of total energy 
expenditure. This may not be true of other occupa- 
tional groups. Other studies have used groups of young 
sportsmen3’ or individuals engaged in an exercise 
programrne4l, both of whom are likely to have higher 
physical activity levels than are found in the general 
population. 

The problem of participants being self-selected 
rather than randomly selected is a very difficult one to 
overcome. As many of the validation methods are 
relatively intrusive and time-consuming for the 
participants, self-selection is the only feasible option. 
Even though self-selection may be inevitable, it is still 
important to examine the generalizability of the 
validation subpopulation. Some studies, have poor 
response and make no follow-up of non- 
responders. Therefore, it is not known whether the 
sample’s characteristics and behaviour are representa- 
tive of the population in which the questionnaire is to 
be applied. 

Exclusions in study populations 
The representativeness of the sample for a validation 
study is affected by the exclusion criteria. Studies using 
tests such as VoZmax as the validation method may face 
problems of bias as a result of selection on the basis of 
health, because individuals with angina and previous 
myocardial infarctions are often excluded from such 
studies”. Tests which do not require maximum effort 
may be preferable in this context because they are 
more inclusive41. In the Dutch EPIC cohort, two 
women were excluded from the analyses as their 
activity patterns had changed during the study due to 
retirement37. Such changes in activity patterns would 
be representative in a subset of the general population 
and, therefore, exclusion may not be justified. Other 
studies have excluded people with a BMI>3016. But 
since obese individuals may be less physically active, 
and may report physical activity differently, the use of a 

non-obese validation population limits the groups in 
which this questionnaire can be used. 

Ideally exclusions should be made apriori and be as 
limited as possible to increase the representativeness of 
the sample to the population in which the ques- 
tionnaire is to be used. 

Gender distribution in tbe study sample 
Many study samples in validation studies have been 
single sex16.18.Z4.37.41.44,45 . If the questionnaire’s 
intended population is also single sex, then these 
samples are appropriate. However, results from 
questionnaires validated in one sex samples may not 
be generalizable to populations of the opposite or both 
sexes. For example, in a study of the association 
between physical activity and diabetes in women, a 
physical activity questionnaire was said to have been 
validated ‘as a measure of physical activity’46. The 
combined data in the validation study demonstrated a 
correlation of 0.46 between the self-reported number of 
days with vigorous activity and V02max21. However, 
when the data were stratified by sex, the association 
was restricted to men and the correlation with women 
was only 0.26. Therefore, the use of the questionnaire 
as a validated instrument in an all-female cohort is 
questionable. 

statistical consi&l-ations 

Sample size 
The sample sizes vary enormously in the validation 
studies reviewed here, ranging from 17j3 to 98617. This 
is largely a function of the validation measure applied. 
Some instruments, such as other questionnaires, can be 
administered to relatively large samples. Others (e.g. 
movement sensors) are only feasible for small samples 
due to the cost, staff and technical back-up required. 
The sample size affects the strength of the study’s 
results. In small samples either no significant result is 
found or large confidence intervals are produced and 
extreme values may account for much of the observed 
correlation. Since the validation measurement instru- 
ment is often the limiting factor to sample size, the 
instrument needs to be as simple and cost-effective as 
possible without compromising accuracy in order for 
strong correlations to be found. 

Good descriptions of how to calculate the sample 
size for different forms of study have been produced 
for nutritional e p i d e m i ~ l o g y ~ ~  and the issues in 
physical activity are analogous. For example, if the 
intention is to estimate population level energy 
expenditure using heart rate monitoring, the number 
of subjects required can be computed with knowledge 
of the standard deviation from previous studies3’. 
To calculate mean population level PAL (physical 
activity level) within 0.15 with a significance of 5% at 
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90% power, requires4' 

n = 2a2(Zd2 + ZB)2/d*2 
If we assume that the standard deviation is 0.31", then 

n = 2(0.31)2 x (10.5)/0.0225 = 90. 

How many days of measurement are necessary? 
If the goal of a study is to measure current energy 
expenditure, it is possible, using standard equations, to 
compute the number of days of testing that are required 
to characterize current energy expenditure6. A reana- 
lysis of data in a previous study3', shows that the 
correlation between energy expenditure on 2 adjacent 
days is 0.65. Therefore, measuring for 2 days would 
yield a new exposure measurement, with a validity 
coefficient of 0.79, 3 days would give 0.85 and 4 days 
would give 0.88. In reality the choice of the number of 
days is usually dependent upon pragmatic considera- 
tions such as the cost and the willingness of the subject 
to be monitored. If the goal of the study is not the 
measurement of current activity, but rather usual 
activity, a different approach needs to be taken. Usual 
activity is a latent variable which is not directly 
measurable. It can, however, be estimated by taking 
repeated measurements throughout the course of the 
frame of reference, for example 1 year. This form of 
approach allows the relationship between the under- 
lying latent variable and the measurement of outcome 
to be estimated31 and is an approach that has been 
previously used in nutritional epidemiology4'. 

Problems of analysis 

As with the computation of sample size, direct 
analogies for analysing validation studies of physical 
activity can be taken from the nutritional epidemiolo- 
gical field. The approach to analysis is dependent on 
the type of outcome measured and whether it is 
reduced to a continuous ordered categorical or discreet 
categorical variable. All too  often questionnaires, which 
are said to have been validated, are undermined by 
validation studies which have actually used inappropri- 
ate statistical methods. For example, the validation 
study by Siconolfi, which is used as justification for the 
Nurse's Health Study, used linear regression to analyse 
the relationship between the number of sweating 
episodes per week with maximal oxygen uptake2'. 
This is an inappropriate method since regression 
analysis is designed for studying the relationship 
between two continuous variables. This study analysis 
may also have been flawed as the data were skewed 
with a few outliers biasing the extent of the correlation. 

Due to the ranges of the category levels adopted for 

physical activity assessment, often the distributions of 
these levels are skewed towards the low-activity end. 
This means that the data are often not suitable for 
straightforward parametric statistical analysis and other 
methods need to be employed. 

Another type of problem occurs when single-item 
self-assessment questions have been compared to 
composite scores derived from an entire question- 
naire'0.'2. If the single question is part of the calculation 
of the index or composite score, then problems of 
autocorrelation may result13. 

Conclusions 

In this article we have grouped together some of the 
problems that face researchers attempting to undertake 
or seeking to interpret validation studies of physical 
activity measurement instruments. None of these 
criticisms implies that there are easy answers, but the 
alternative to debating and categorizing these problems 
is to ignore them and pretend that they do not exist. 
The epidemiological knowledge about the importance 
of an exposure, such as physical activity, passes 
through a process of evolution. When little is known, 
simple measures of exposure can be used to 
demonstrate disease associations. Simplicity and 
inexpense are key requisites because few funders will 
commit resources to investigate speculative exposures 
in a more detailed fashion. Epidemiologists can always 
claim that because of the principle of attenuation, 
simple exposure measurement will always result in an 
underestimation of the true exposure-disease associa- 
tion. However, this assumption assumes that the 
simplified measurement of the exposure is unbiased 
and that the same underlying true exposure is being 
assessed. In the case of physical activity this may not 
necessarily be true. Once understanding has moved on 
from the description of simple relationships, a different 
approach has to be taken to the measurement of 
exposure. Interest then moves on from simple 
questions about whether physical activity is related to 
disease, to more involved questions concerning which 
aspects of activity are important and quantitative 
questions about how much activity is necessary. The 
measurement instruments that are required to answer 
these questions must be more accurate. As physical 
activity epidemiology is beginning to enter this phase 
of i t s  evolution, it is timely to consider whether the 
measurement instruments that are currently available 
meet the standards necessary for this more exacting 
role. 

We have not sought to propose an ideal measure- 
ment instrument because the choice for any given study 
depends upon a wide range of factors. However, more 
careful attention perhaps ought to be given to the 
notion of validity than has sometimes been the case. 
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Table 1 Checklist for the validation of physical activity instruments 

KL Rennie & NJ Wareham 

1 Has the dimension of physical activity that the instrument is purported to measure been clearly defined? 

2 Does the validation method chosen measure the true exposure of interest and has it been applied in the same 
time frame of reference? 

3 Has correlated error between the validation method and the physical activity instrument been avoided as far as 
possible? 

4 Is there a close relationship between the validation method and the appropriate ‘gold standard’ instrument? 

5 Is the sample chosen representative of the population to whom the physical activity instrument will be 
administered? 

6 Have appropriate statistical techniques been employed to assess the validity of the physical activity 
instrument? 

The claim that a particular method has been ‘validated’ 
ought really to be questioned by anyone proposing to 
use that method. The checklist summarized in Table 1 
provides a means by which researchers can gauge the 
likelihood that a validation study has achieved i t s  goal. 
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