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Abstract

Valid assessment of physical activity is necessary to fully understand this
important health-related behaviour for research, surveillance, intervention and
evaluation purposes. This article is the second in a companion set exploring the
validity of pedometer-assessed physical activity. The previous article published in
Sports Medicine dealt with convergent validity (i.e. the extent to which an
instrument’s output is associated with that of other instruments intended to
measure the same exposure of interest). The present focus is on construct validity.
Construct validity is the extent to which the measurement corresponds with other
measures of theoretically-related parameters. Construct validity is typically evaluated by correlational analysis, that is, the magnitude of concordance between two
measures (e.g. pedometer-determined steps/day and a theoretically-related parameter such as age, anthropometric measures and fitness). A systematic literature
review produced 29 articles published since ≥1980 directly relevant to construct
validity of pedometers in relation to age, anthropometric measures and fitness.
Reported correlations were combined and a median r-value was computed.
Overall, there was a weak inverse relationship (median r = –0.21) between age and
pedometer-determined physical activity. A weak inverse relationship was also
apparent with both body mass index and percentage overweight (median r = –0.27
and r = –0.22, respectively). Positive relationships regarding indicators of fitness
ranged from weak to moderate depending on the fitness measure utilised: 6-minute walk test (median r = 0.69), timed treadmill test (median r = 0.41) and
estimated maximum oxygen uptake (median r = 0.22). Studies are warranted to
assess the relationship of pedometer-determined physical activity with other
important health-related outcomes including blood pressure and physiological
parameters such as blood glucose and lipid profiles. The aggregated evidence of
convergent validity (presented in the previous companion article) and construct
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validity herein provides support for considering simple and inexpensive pedometers in both research and practice.

Valid assessment of physical activity is necessary
to fully understand this important health-related behaviour for research, surveillance, intervention and
evaluation purposes. However, there is no accepted
‘gold standard’ for physical activity assessment.
Traditionally, physical activity has been assessed in
epidemiological studies using self-report methods
(e.g. questionnaires, recalls and records/logs). In
testament to the fact that not one self-report method
has been singled out for standard use, over 30 such
methods were assembled for a special supplement of
Medicine and Science in Sports and Exercise[1] and
more continue to be developed.[2,3] Self-report methods have been extensively reviewed,[4,5] and despite
their well-known limitations (e.g. recall bias, floor
effects, variety of scoring procedures and output
units), we are disinclined to dismiss them entirely,
partly because of their ease of use for assessing large
populations quickly, but also because we value the
rich contextual information that is derived from such
methods. Regardless, objective monitoring of movement using body worn electronic instruments (i.e.
accelerometers and pedometers) is an emerging focus in the study of physical activity behaviours[6,7]
due to the potential for precise measurement of
physical activity as an incremental variable.
Accelerometers can detect volume of movement
and can be used to infer time in bouts of activity of
various intensities. Accelerometers have quickly become important physical activity assessment tools in
research, despite their high cost ($US450+) [2003
values], accompanying hardware and software requirements, and associated data management demands. On the other hand, pedometers are simple to
use, inexpensive ($US15–30) and produce a
user-friendly output (e.g. steps taken, steps/day).[8,9]
However, unlike accelerometers, pedometers are not
designed to discriminate between activities of varying intensities. Regardless, the accumulated data
 2004 Adis Data Information BV. All rights reserved.

indicate that pedometers are strongly correlated with
accelerometers (median r = 0.86) signifying that the
output of one is representative of that of the other.[10]
Of the two instruments, the pedometer provides a
more practical monitoring approach that can be used
easily by both researchers and practitioners for their
various needs.[9] Our understanding of how these
objective monitors represent physical activity is
growing at the same pace as their applied use in both
the laboratory and the real world. Therefore, at this
early stage in the evolution of objective monitoring
using such simple measures as pedometers, it
behoves researchers to carefully consider basic concepts of measurement including validity, a fundamental attribute of any assessment instrument.
Validity is well known as the degree to which an
instrument measures what it purports to measure.
Two categories of validity are convergent validity
and construct validity. Convergent validity is the
extent to which an instrument’s output is associated
with that of other instruments intended to measure
the same exposure of interest.[11] A companion paper
to this one, exploring the convergent validity supporting use of pedometers, was published previously
in Sports Medicine.[10] That systematic review of 25
articles published since 1980 produced ample evidence of convergent validity for the use of pedometers in research and practice. Pedometers correlated
strongly (median r = 0.86) with different accelerometers, strongly (median r = 0.82) with time in observed activity, moderately (median r = 0.68) with
different measures of energy expenditure, and weakly (median r = 0.33) with self-reported physical
activity and time spent sitting (median r = –0.38).
Figure 1 (originally published in that article) portrays these varying levels of convergent validity as
concentric circles of relative concordance.
According to the fourth edition of A Dictionary of
Epidemiology,[12] construct validity is defined as:
Sports Med 2004; 34 (5)
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Fig. 1. Concentric circles of anticipated concordance between pedometer and other physical activity measures.

“the extent to which the measurement corresponds
to theoretical concepts (constructs) concerning the
phenomenon under study. For example, if on theoretical grounds, the phenomenon should change
with age, a measurement with construct validity
would reflect such a change (pg. 184)”. Relevant to
this discussion, we hypothesise that pedometer-determined ambulatory activity is associated in
expected directions with age, anthropometric measures, fitness indicators and other parameters theorised to vary with physical activity levels. We do
not, however, anticipate a strong association since
physical activity is only one factor that may influence body composition as well as fitness. Furthermore, a strong association would indicate that pedometers could replace the other measure as a surrogate indicator of the specified parameter. Figure 1
depicts construct validity in the outermost concentric circle. Note that some indirect measures of
physical activity (notably measures of fitness and
 2004 Adis Data Information BV. All rights reserved.

anthropometry)[13] can be used to assess evidence of
construct validity for pedometry.
The specific focus of this second paper is on
evidence of construct validity. As previously reported,[10] we began the search for original articles by
entering the keywords ‘pedometer’ and ‘step
counter’ into common health indexes including
PubMed, Cumulative Index to Nursing and Allied
Health Literature (CINAHL), Current Contents
Connect, PsycINFO, and Educational Resources Information Center (ERIC), Social Science Index,
General Science Abstracts, Science Citation Index,
Social Sciences Abstracts, and Infotrac. Searches
were limited to human studies, the English language
and publication year since ≥1980 (because modern
electronic pedometers are considered more accurate
than earlier mechanical instruments).[7,14,15] Study
details were culled from each article using a form
developed expressly for this purpose. Care was taken to retain the actual language used in the referent
article for describing specifics including instrument
Sports Med 2004; 34 (5)
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brand/model, manufacturer information and statistical analyses undertaken. Finally, articles were reduced to those cross-sectional studies directly relevant to the question of construct validity of pedometer-determined habitual physical activity. In
preparing this article, the decision rules guiding the
original search were replicated (December 2002); in
total 34 articles directly relevant to construct validity were identified. Four articles were excluded[16-19]
on the grounds that a measure of habitual activity
was not obtained using the pedometer. Instead, all
four studies looked at the relationship of various
parameters with pedometer-determined steps taken
during brief walking tests or activity bouts. In the
case of reports based on common data from the same
population study,[20,21] evidence was taken only
from the more recent publication.
Study details from the remaining 29 articles are
summarised in tables I to III relative to age (table I),
anthropometric measures (table II) and fitness indicators (table III). No studies were found that
looked at the relationship of pedometer-determined
physical activity and other health-related parameters. Construct validity is typically evaluated by
correlational analysis (e.g. Pearson product moment
or Spearman rank order correlations), that is, the
magnitude of concordance between two measured
parameters (e.g. pedometer-determined steps/day
and a theoretically-related parameter). Consistent
with the companion article,[10] correlations (where
reported) were combined and a median r-value was
computed for related parameters. Cohen’s guidelines[22] (0.5 is large, 0.3 is moderate and 0.1 is
small) for evaluating the magnitude of a correlation
were used for interpretation purposes. Apparent inconsistencies (e.g. differences in pedometer brand
name spellings) in all the tables are due to missing
and/or inconsistent source data available from the
original articles.
 2004 Adis Data Information BV. All rights reserved.
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1. Evidence of Construct Validity
1.1 Pedometers with Age

Pedometer-determined physical activity has been
inversely related to age in the majority of studies
detailed in table I.[24-29,31] Two exceptions[23,30] noted
no relationship between pedometer-determined
physical activity and age. Three of the studies[25,26,31]
identified did not report specific r-values; the remaining studies were used to compute a median
association of r = –0.21 (i.e. small). None of these
studies included children/youth (i.e. younger than
18 years of age).
1.2 Pedometers with
Anthropometric Measures

The predominant finding was that pedometerdetermined physical activity was related to various
anthropometric measures in expected directions (see
table II for study details). Specifically, pedometerdetermined physical activity has been inversely related to body mass index (BMI)[33,34,36-38] and indicators of body fatness such as the sum of seven skin
folds,[35] percentage body fat[37] and percentage
overweight.[32,33] In contrast, Gardner et al.[24] reported a positive and significant relationship between steps/day, and weight, BMI and percentage
body fat. However, smoking may have confounded
this relationship. This sample was specifically selected to compare 34 smokers with 43 non-smokers.
Smokers took significantly fewer steps/day,
weighed less, and had lower BMI and percentage
body fat than the non-smokers, which helps to explain the unusual direction of the relationship between steps/day and anthropometric measures reported in this single study. Vincent and Pangrazi[39]
also reported a weak positive relationship between
steps/day and weight in 6- to 12-year-old school
children (which may be confounded by growth and
development at this lifestage). Multiple published rvalues were available only for the relationships between steps/day and BMI, percentage overweight
Sports Med 2004; 34 (5)
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Methods

Sample

Instrument

Monitoring frame and
metric

Summary results

Schonhofer et al.[23]

Relationship with age

25 healthy controls (14 M and 11 F)

Fitty 3, Kasper and

Healthy subjects

Healthy subjects:

(correlations)

age 53 ± 12y, 25 subjects with COPD

Richter Co.,

studied once for 7d;

r = 0.25, p > 0.2

(14 M and 11 F) age 56 ± 12y

Uttenreuth, Germany

COPD subjects studied

COPD subjects:

twice for 7d; steps/day

r = 0.19, p = 0.4

Omron, Inc.

48h; steps/day

r = –0.21, p < 0.05

Gardner et al.[24]

Relationship with age

74 M, 3 F, all PAOD patients (34

(linear regression)

smokers age 45.5 ± 9.8y and 43 non-
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Table I. Evidence of construct validity of pedometers with age

smokers age 35.0 ± 13.1y)
Schmalzried et al.[25]

Relationship with age

57 M, 54 F who had at least one total

Sportline, Campbell,

Instructed to wear 7d,

Inverse relationship (r not

(linear regression)

hip or knee replacement (49 were

California, USA

reported worn 8d;

reported but graph

steps/day

shown), p = 0.048

NR; steps/day

Inverse relationship (r not

<60y, 62 were ≥60y)
[26]

Zahiri et al.

Relationship with age

48 M, 52 F, age 23–82y

NR

(linear regression)

reported but graph
shown), p = 0.049

Yanagimoto et al.[27]

Relationship with age

59 F, all institutionalised, age 65–99y

(correlation)

Calorie Counter-Select

12h periods for 2 wks;

2, Suzuken Co. Ltd,

steps/wk

r = –0.524, p < 0.001

Japan
Silva et al.[28]

Relationship with age

14 M, 19 F, age 71.5 ± 9.7y

(Pearson correlation)

Sportline, Campbell,

4d; cycles/d (calculated

California, USA

as steps taken divided

r = –0.5, p = 0.002

by 2)
Tsubono et al.[29]

Relationship with age

51 M, 55 F, age 61.7 ± 8.6y

(Spearman correlation)

Select II, Suzuken,

4 surveys of 3

Nagoya, Japan

consecutive days (total

r = –0.49 (p not reported)

10–12d); steps/day
Fukuoka et al.[30]

Relationship with age

31 M, 32 F, age 19–69y

(linear regression

HJ-3, Omuron, Tokyo,

7d; steps/day

r = 0.020, p = 0.879

NR

Inverse relationship (r and

Japan

analysis)
Relationship with age

33 M, 30 F, age 27–73y

NR

(linear regression

p-values not reported)

analysis)
COPD = chronic obstructive pulmonary disease; F = females; M = males; NR = not reported; PAOD = peripheral arterial occlusive disease.
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Table II. Evidence of construct validity of pedometers with anthropometric measures
Methods

Sample

Instrument

Monitoring frame and
metric
5d; pedometer score
(daily recorded units
of movement)

Edelman and Smits[32]

Relationship with percentage
overweight according to MLI
height/weight tables (Pearson
correlation)

68 M and F (college students,
college staff and employees
of a US Army research
laboratory), age 17–51y

Model No. 970
Manpo-Meter Co.

Tryon et al.[33]

Relationship with BMI and
percentage overweight
according to MLI height/
weight tables (correlation)

127 F, age 21–55y

Digitron Jog-Walk,
Gutmann Co. Inc.,
New York, New York,
USA

14d; miles/hour

BMI: r = –0.194, p < 0.03
Percentage overweight:
r = –0.217, p < 0.02

Gardner et al.[24]

Relationship with weight, BMI
and percentage body fat
(linear regression)

74 M and 3 F (34 smokers
age 45.5 ± 9.8y and 43 nonsmokers age 35.0 ± 13.1y)

Omron, Inc.

48h; steps/day

Weight: r = 0.29, p < 0.05
BMI: r = 0.27, p < 0.05
Percentage body fat: r = 0.28,
p < 0.05

Fogelholm et al.[34]

Relationship with BMI
(Pearson correlation)

20 F all overweight, age
29–46y

Fitty 3 Electronic
Pedometer,
Uttenreuht, Germany

5d; steps/day

BMI: r = –0.44, p = 0.05

Rowlands et al.[35]

Relationship with logtransformed sum of 7 skin
folds (correlations)

17 M, 17 F, age 8.3–10.8y

Yamax Digiwalker
DW-200, Yamasa,
Tokyo, Japan

Up to 6d; steps/day

r = –0.042, p = 0.025

McClung et al.[36]

Relationship with BMI after
adjusting for age, sex and
Charnley class (ANOVA)

209 M and F (no joint
replacement n = 58, total hip
replacement n = 127, total
knee replacement n = 24),
age 22–82y

NR

7d; steps/day

All subjects: r2 = 0.14,
p = 0.05
No joint replacement: r2 = 0.2,
p = 0.41
Total hip replacement:
r2 = 0.16, p = 0.076
Total knee replacement:
r2 = 0.79, p = 0.008

Tudor-Locke et al.[37]

Relationship with BMI and
percentage body fat (Pearson
correlations)

109 healthy adults (8 M
African American, 23 F
African American, 33 M
Caucasian, 45 F Caucasian),
age 44.9 ± 15.8y

Yamax Digiwalker,
Model DW-500,
Accusplit, California,
USA

19–21 consecutive
days

BMI: r = –0.30, p < 0.01
Percentage body fat:
r = –0.27, p < 0.01

Tudor-Locke et al.[38]

Relationship with BMI
(Pearson correlations)

98 M and 62 F with type 2
diabetes mellitus, age 52.4 ±
5.3y

Yamax Digiwalker,
Model SW-200,
Accusplit, California,
USA

3 consecutive days
(including 1 weekend
day and 2 weekdays)

r = –0.27, p < 0.01

Vincent and
Pangrazi[39]

Relationship with weight
(correlations)

325 M and 386 F, age 6–12y

Yamax My Life
Stepper, MLS-2000,
Japan

4 consecutive
schooldays; steps/day

M: r = 0.157
F: r = 0.141
Both statistically significant
(no p-values reported)

ANOVA = analysis of variance; BMI = body mass index; F = females; M = males; MLI = Metropolitan Life Insurance; NR = not reported.

Summary results
r = –0.26, p < 0.05

Tudor-Locke et al.
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Methods

Sample

Instrument

Rozkovec et al.[40]

Relationship with 6-min
walk test performed at
programmed
pacemaker values of
50, 70 and 90 beats/
min (Spearman rank
correlation)

14 M and 4 F with
breathlessness associated with
bradycardia, age 42–80y

Aurora

Monitoring frame and
metric
2 wks; miles/wk

Summary results

Cowley et al.[41]

Relationship with
symptom-limited
treadmill test and selfpaced walk test
(Spearman rank
correlation coefficient)

32 M and 7 F with severe CHF,
age 54–77y

NR

1 wk; score for the wk

Treadmill test: r = 0.463,
p < 0.003
Slow pace: r = –0.638,
p < 0.001
Normal pace: r = –0.682,
p < 0.001
Fast pace: r = –0.573,
p < 0.005

Ichihara et al.[42]

Relationship with peak
V̇O2 and V̇O2AT
determined on cycle
ergometer (regression)

228 M and 216 F, age 40–64y

Calorie Counter,
Suzuken Co., Nagoya,
Japan

1 wk; steps/day

Peak V̇O2:
M: r = 0.132, p < 0.05
F: r = 0.244, p < 0.005
V̇O2AT:
M: r = 0.162, p < 0.05
F: r = 0.315, p < 0.005

Sieminski and
Gardner[43]

Relationship with
treadmill time to max.
claudication pain
(Pearson correlation)

85 PAOD patients
(80 M and 5 F),
age 67.3 ± 8.1y

Omron Healthcare
Corp., Vernon Hills,
Illinios, USA

2 consecutive days;
step/d

r = 0.36, p < 0.001

Rowlands et al.[35]

Relationship time on a
max. treadmill test
(correlations)

17 M, 17 F, age 8.3–10.8y

Yamax Digiwalker
DW-200, Yamasa,
Tokyo, Japan

Up to 6d; steps/day

r = 0.59, p = 0.001

Michaud et al.[21]

Relationship with
V̇O2max estimated from
a 20m shuttle run
(Pearson correlations)

114 M and 119 F, grades 6 and
8

Pedoboy, Barrigo
GmbH, Schwenningen,
Germany

7d; daily and weekly
cumulative values

r = 0.30, p < 0.01

Gardner et al.[44]

Relationship with 6-min
walk test (Stepwise
multiple regression)

80 M and 18 F PAOD patients
(35 non-smokers age 70.8 ±
1.1y, 33 light smokers aged
68.3 ± 1.6y, and 30 heavy
smokers age 65.2 ± 1.5y)

Omron Healthcare
Corp., Vernon Hills,
Illinios, USA

Two consecutive
weekdays; steps/day

Multiple r = 0.695,
p < 0.001

r = 0.66–0.76,
p < 0.01

Continued next page
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Table III. Evidence of construct validity of pedometers with fitness measures
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CHF = chronic heart failure; F = females; M = males; max. = maximal; NR = not reported; PAOD = peripheral arterial occlusive disease; V̇O2 = oxygen uptake; V̇O2AT = oxygen
uptake at anaerobic threshold; V̇O2max = maximum oxygen uptake.

r = 0.138, p = 0.282
7d; steps/day
HJ-3, Omuron, Tokyo,
Japan
Relationship with peak
V̇O2 estimated using
YMCA cycle ergometer
test (linear regression)
Fukuoka et al.[30]

31 M, 32 F, age 19–69y

Treadmill exercise time:
r = 0.12,
p = 0.63 (n = 19)
100m walk time: r = 0.10,
p = 0.55 (n = 35)
2 wks; steps taken
Digiwalker, Steiner,
Brentford, UK
Relationship with
treadmill exercise time
and time to complete
100m walk (Spearman
correlation)
Houghton et al.[46]

31 M, 1 F, age 48–80y

Sportline 342, Sportline,
Campbell, California,
USA
Relationship with max.
distance walked on a
standardised treadmill
test (Spearman
correlation)
Nasr et al.[45]

39 M, 11 F, age 62–73y

Methods
Study

Table III. Contd

Sample

Instrument

Monitoring frame and
metric
1wk; steps/day

r = 0.35, p = 0.01

Tudor-Locke et al.
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and weight. The computed median associations
were r = –0.27, r = –0.22 and r = 0.16, respectively.
Each of these associations are interpreted as being
small.
1.3 Pedometers with Indicators of
Fitness Measures

Overall, the magnitude and direction of the relationship between pedometer-determined physical
activity and fitness measures varies depending on
the specific fitness assessment protocol used. For
example, a moderate positive relationship between
pedometer-determined physical activity and distance walked in a 6-minute walking test[40,44] and a
moderate inverse relationship between pedometerdetermined physical activity and time to walk a set
distance[41] have been reported. Positive weak to
moderate relationships have been reported with time
on a symptom-limited[41,43] or maximal treadmill
test,[35] maximal distance walked on a treadmill,[45]
oxygen uptake (V̇O2) at anaerobic threshold and at
peak effort,[42] and maximal oxygen uptake
(V̇O2max) estimated from a 20m shuttle run.[21]
There were two statistically non-significant relationships reported.[30,46] Houghton et al.[46] reported no
relationship between pedometer-determined physical activity and treadmill exercise time or time to
complete a 100m walk in a small sample of patients
with mild/moderate heart failure. A limited sample
size may explain the discrepant findings. Fukuoka et
al.[30] reported no relationship between pedometerdetermined physical activity and peak V̇O2 estimated using a YMCA cycle ergometer test; a more
direct measure would be desirable. Published rvalues from multiple studies were available only for
relationships between steps/day and 6-minute walk
test (median r = 0.69, or large), timed treadmill test
(median r = 0.41, or moderate) and estimated
V̇O2max (median r = 0.22, or small).
2. Conclusions
This article and its earlier companion[10] were
undertaken in an effort to guide researchers and
Sports Med 2004; 34 (5)
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practitioners with decisions about using pedometers
for specific purposes. As noted in the previous article, the magnitude and direction of relationships
between pedometer-determined physical activity
and various outcomes is affected by methods used,
monitoring frames, the manner in which the outputs
are expressed, and the characteristics of the study
participants assessed. Regardless, the pooled evidence herein supports the construct validity of
pedometry in regards to age, anthropometric measures and fitness. Overall, there was a small inverse
relationship (median r = –0.21) between pedometerdetermined physical activity and age that was consistently reported with only two exceptions.[23,30] A
notable limitation to this computed relationship is
the lack of studies that have included children/
youth, that is, it is difficult to conclude about the
relationship with age when a large age group is
missing. A small inverse relationship was also apparent with both BMI and percentage overweight
(median r = –0.27, and r = –0.22, respectively). The
strength of these relationships is consistent with the
presentation of evidence of construct validity in the
outer most concentric circle in figure 1. In contrast,
relationships ranged from small to large with regards to indicators of fitness; the strongest relationship noted was between pedometer-determined
physical activity and 6-minute walk test results
(median r = 0.69). This is stronger than the median
correlation computed between pedometer outputs
and self-reported physical activity (median r =
0.33),[10] suggesting there is some overlap of the
magnitude of the relationship depicted in the two
outer-most concentric circles in figure 1.
In addition to providing evidence of construct
validity for pedometry, the relationships captured
herein have practical applications. For example, the
potential confounding effects of age should be routinely controlled either by study design or by analysis. In addition, we need to continue to explore the
relationship between pedometer-determined physical activity and anthropometric measures and fitness
in prospective observational and intervention de 2004 Adis Data Information BV. All rights reserved.

289

signs to confirm the nature (if any) and strength of a
causal link. Studies are also warranted to assess the
relationship of pedometer-determined physical activity with other important health-related outcomes
including blood pressure and physiological parameters such as blood glucose and lipid profiles.
These lines of research can illuminate critical
levels of pedometer-determined physical activity related to important health outcomes necessary to set
step/day indices (i.e. benchmarks or cut points) for
screening, intervention and evaluation purposes. For
example, we have previously proposed step/day cut
points for adults related to BMI-defined categories
of normal weight (BMI <25 kg/m2) and obesity
(BMI ≥30 kg/m2).[37] Specifically, adults who took
more than ≈9000 steps/day were more likely to be
classified as normal weight and those who took less
than ≈5000 steps/day were more likely to be classified as obese. We also previously triangulated (combined and compared) the outputs of accelerometers
and pedometers to identify a threshold of pedometer-determined physical activity associated with
public health recommendations for moderate+ intensity activity; ≈33 accelerometer-determined minutes/day of moderate activity corresponded with
8000 steps/day.[47] These preliminary cut points require rigorous evaluation including cross-validation
prior to widespread acceptance and application. Cut
points also need to be evaluated for their appropriateness regarding specific population groups (e.g.
children/youth, older adults). For example, we could
locate only three studies relating pedometer-determined physical activity to health outcomes in children/youth.[20,35,39]
Ultimately, researchers and practitioners must
consider the purpose of the proposed study/programme, methodological considerations, and
pragmatically, the available budget when selecting
an appropriate physical activity assessment instrument. The aggregated evidence of convergent validity (presented in the previous companion article[10])
and construct validity herein provides support for
Sports Med 2004; 34 (5)
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considering simple and inexpensive pedometers in
both research and practice.
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