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ABSTRACT

PATRICK L. SCHNEIDER, SCOTT E. CROUTER, and DAVID R. BASSETT, JR. Pedometer Measures of Free-Living Physical
Activity: Comparison of 13 Models. Med. Sci. Sports Exerc., Vol. 36, No. 2, pp. 331-335, 2004. Purpose: The purpose of this study
was to compare the step values of multiple brands of pedometers over a 24-h period. The following 13 electronic pedometers were
assessed in the study: Accusplit Alliance 1510 (AC), Freestyle Pacer Pro (FR). Colorado on the Move (CO). Kenz Lifecorder (KZ).
New-Lifestyles NL-2000 (NL), Omron HJ-103 (OM), Oregon Scientific PE316CA (OR), Sportline 330 (SL330) and 345 (SL345),
Walk4Life LS 2525 (WL). Yamax Skeletone EM-180 (SK). Yamax Digi-Walker SW-200 (YX200), and the Yamax Digi-Walker
SW-701 (YX701). Methods: Ten males (39.5 = 16.6 yr, mean = SD) and 10 females (43.3 = 16.6 yr) ranging in BMI from 19.8 to
35.4 kg'm * wore two pedometers for a 24-h period. The criterion pedometer (Y X200) was worn on the left side of the body, and a
comparison pedometer was worn on the right. Steps counted by each device were recorded at the end of the day for each of the thirteen
pedometers. Results: Subjects ok an average of 9244 steps-d” . The KZ. YX200, NL, YX701, and S1.330 yielded mean values that
were not significantly different from the criterion. The FR, AC. SK, CO. and SL.345 significantly underestimated steps (P < 0.05) and
the WL, OM, and OR significantly overestimated steps (2 <2 0.05) when compared with the criterion. In addition, some pedometers
underestimated by 25% whereas others overestimated by 45%. Conclusion: The KZ. YX200. NL. and YX701 appear to be suitable
for most research purposes. Given the potential for pedometers in physical activity research, it is necessary that there be consistency
across studies in the measurement of “steps per day.” Key Words: STEPS. STEP COUNTER. MOTION SENSOR, WALKING

he objective quantification of physical activity is a

challenge to those involved in research and practice.

Traditionally, physical activity has been assessed us-
ing questionnaires, but there are limitations in subjects’
recall ability. especially for ubiquitous, light-, or moderate-
intensity activities (8). Thus, there has been interest in using
objective monitors to record physical activity.

Pedometers are a type of motion sensor that are low-cost,
unobtrusive, accurate (1,4,11). and their output (steps or
distance) is easily comprehendible. Pedometers are typically
worn on the belt or waistband and respond to vertical
accelerations of the hip during gait cycles. They provide
data on steps and some models estimate distance traveled
and energy expenditure. Although pedometers measure am-
bulatory activity, they do not capture all types of physical
activity (swimming, weight lifting, bicycling, etc.). Never-
theless, walking is one of the most common forms of ac-
tivity and 1s readily captured by a pedometer. These devices
are becoming increasingly popular in physical activity re-
search on clinical interventions, community-wide interven-
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tions, surveillance, and international comparisons. A recent
PubMed search revealed that the number of studies using
pedometers nearly doubled (32 vs 60) from 1993-1997 to
1998 -2002.

Pedometers have several practical applications. They can
be used to: 1) distinguish between individuals who vary
based on steps per day, 2) measure increases in physical
activity with interventions, 3) conduct cross-study compar-
isons of different populations, and 4) compare time trends in
physical activity. In addition, members of the general public
are interested in using pedometers to determine whether
they are meeting step recommendations. However, if the
differences in steps between pedometer brands are large and
a variety of brands are being used, then it becomes impos-
sible to use pedometers for these purposes.

Pedometer models differ in regard to cost ($10-$200)
and internal mechanisms. There are at least three basic types
of mechanisms, including the spring-suspended lever arm
with metal-on-metal contact, a magnetic reed proximity
switch. and an accelerometer type (4,11). The first mecha-
nism uses a spring-suspended horizontal lever that moves up
and down in response to the hip’s vertical accelerations.
This movement opens and closes an electrical circuit; the
lever arm makes an electrical contact (metal-on-metal con-
tact), and a step is registered. The second type of mechanism
is a magnetic reed proximity switch. This type also uses a
spring-suspended horizontal lever arm; however, with this
mechanism, a magnet is attached to the lever arm, and it is
the magnetic field that causes two overlapping pieces of
metal encased in a glass cylinder (magnetic reed proximity
switch) to touch, resulting in a step being counted. The third



type uses an accelerometer-type mechanism consisting of a
horizontal beam and a piezo-electric crystal. The walking
motion generates a sinusoidal curve when vertical acceler-
ation is plotled against time. This mechanism uses zero
crossings of the acceleration vs time curve to detect steps.

A second issue is sensitivity, which is related to the
internal mechanism. and is a function of the vertical accel-
eration “threshold” needed to trigger a step. Previous studies
(1,4,11) have shown that these differences may translate
into variations in accuracy among pedometer models. Some
models have been shown to be accurate over a fixed distance
(1,11) or at a variety ol treadmill speeds (1,4) compared
with direct observation of steps. However, no study has
compared pedometer models under free-living conditions
over 24 h. This is an important issue because pedometer
output is often reported as “steps per day.”

One of the difficulties in assessing pedometer accuracy
under [ree-living conditions is the lack of a “gold standard.”
Although pedometer accuracy can be assessed by counting
steps in controlled laboratory experiments, it is not be fea-
sible to assess pedometer accuracy in this manner over 24 h,
Therefore, it was decided to use a single pedometer (Yamax
SW-200) as the criterion. In controlled laboratory settings,
the Yamax SW series pedometers have consistently been
shown to be among the most accurate (4,11). In addition, the
Yamax pedometer is commonly used in applied research
(7,9.13,16). The purpose of this study was to compare the
step values of multiple brands of pedometers over the course
of a 24-h period.

METHODS

Pedometers. The criterion pedometer selected for this
study was the Yamax SW-200 (YX200). The SW series
pedometer has performed very well in previous validation
studies. The SW-701 (which has the same mechanism as the
SW-200) consistently gave values within 3% of actual steps
taken during a self-paced walk, on an individual basis (10).
Moreover, this pedometer gave mean step counts that were
within 1% of actual steps. At walking speeds ranging from
54 to 107 m-min "', the SW-701 was the only one out of 10
models that did not differ significantly from actual steps
taken (4). Finally the SW-200 pedometer was found to have
similar accuracy in normal weight, overweight, and moder-
ately obese individuals (12).

Thirteen models of commercially available electronic pe-
dometers were assessed in this study: Accusplit Alliance
1510 (AC), Freestyle Pacer Pro (FR), Colorado on the Move
(CO), Kenz Lifecorder (KZ), New-Lifestyles NL-2000
(NL), Omron HI-105 (OM), Oregon Scientific PE316CA
(OR), Sportline 330 (SL330) and 345 (SL345), Walk4Life
LS 2525 (WL), Yamax Skeletone EM-180 (SK), Yamax
Digi-Walker SW-200 (YX200), and the Yamax Digi-
Walker SW-701 (YX701).

Subjects. Ten male (39.5 = 16.6 yr) and 10 female
adults (43.3 £ 16.6 yr) ranging in BMI from 19.8 to 354
kg-m ? volunteered to participate in the study. The proce-
dures were reviewed and approved by the Institutional Re-
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TABLE 1. Phrysical characterisﬂcs pf sybjects.r ]

Men Women

All Subjects
(N =10) (N = 10) (N = 20)
Age (yr) 395 = 16.6 433 £16.6 414 =163
Height (cm) 181.6 + 5.6 164.6 +7.3 1731 £10.8
Weight (kg) 89.2 +17.3 66.6 = 8.6 779177
BMI (kg - m ¥ 269+ 46 246+32 25.8 = 441
Steps - ¢! 8525 = 2349 8963 + 2466 9244 = 3727

Values are Mean = standard deviation; BMI, body mass index.

view Board (IRB) at the University of Tennessee. Each
subject completed a Physical Activity Readiness Question-
naire (PAR-Q) and signed a written informed consent before
participating in the study. Height was measured without
shoes using a stadiometer and weight was also assessed
without shoes in light clothing using a calibrated physician’s
scale. Physical characteristics of the subjects are presented
in Table 1.

Protocol. All participants wore the Yamax SW-200
(criterion) on the left side of the body and a comparisen
model on the right side for a 24-h period, except when
sleeping or showering. Each subject was tested over 13 d,
and the order of testing was randomized for the various
pedometer models. (On one of these days the YX200 model
was compared with a YX200 on the opposite side of the
body to test for left vs right side differences.) Previous
studies using the same brand of pedometer have shown that
there is no statistically significant difference between pe-
dometers worn on the right and left sides of the body
(1,4,11). Among the 20 participants, five devices of each
model were tested to provide a more representative sample.

Pedometer placement was standardized by placing it on
the belt or waistband, in the midline of the thigh, consistent
with the manufacturers’ recommendations. Pedometers with
a variable sensitivity switch (OM and OR) were always
placed in the middle setting. Subjects were instructed to put
the pedometers on each morning and reset each device to
zero, with the exception of two models (KZ and NL), which
have internal clocks and reset on their own at midnight.
Subjects then wore the pedometers over the course of the
entire day and wrote the values down on a log sheet before
going to bed each night. This procedure was repeated until
all 13 pedometers were compared with the criterion. The
subjects were instructed not to wear the pedometers on
Sundays due to the fact that significantly fewer steps are
usually taken on Sundays compared with all other days of
the week (2).

Statistical analysis. All analyses were performed us-
ing SPSS 11.0.1 for Windows (SPSS, Inc., Chicago, IL). For
all analyses, an alpha of (.05 was used to denote statistical
significance. A difference score (comparison — criterion)
was computed and compared with zero. Difference scores of
zero would indicate that there was no difference between the
criterion pedometer and the comparison pedometer. Positive
difference scores represent overestimations and negative
scores represent underestimations. A two-way repeated
measures ANOVA was used to determine whether there was
a significant difference between the mean difference scores
of various pedometers and to determine whether there was

http://www.acsm-msse.org
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FIGURE 1—Maean difference scores [(comparison — criterion pedom-
eter)/criterion] = SE as a percentage of the criterion estimated steps
over a 24-h period. Positive difference scores represent overestima-
tions, and negative difference scores indicate underestimations of steps
compared with the criterion pedometer.

a significant difference in the mean difference scores be-
tween genders, Independent t-tests were used to determine if
the comparison models were significantly different from the
criterion.

Bland-Altman (3) plots were constructed to show the
distribution of the individual (criterion — comparison)
scores around zero. This is a standard method to show the
accuracy of biomedical devices (18). In this manner. the
mean difference (criterion — comparison) can be illustrated
and the 95% prediction interval (i.e., 95% confidence inter-
val for the individual observations) can also be shown.
Pedometers that have a tight prediction interval around zero
are more accurate.

RESULTS

Subjects took an average of 9244 steps-d ' according to
the criterion pedometer. There was no significant interaction
between pedometer model and gender, and there were no
significant gender differences (P > 0.05). However, there
were significant differences (P < 0.05) among the 13 pe-
dometer models. Figure | displays the mean difference
scores expressed as a percentage of the steps counted by the
criterion pedometer. Table 2 displays mean difference
scores, standard deviations, and 95% confidence intervals
for each pedometer model. The FR, AC, SK, CO, and
SL345 significantly underestimated steps whereas the WL,
OM, and OR significantly overestimated (P <Z 0.05). Figure
2 shows the Bland-Altman plots for various pedometer
models. The Oregon Scientific pedometer appeared to over-
estimate steps to a greater extent at higher step counts.
However, this was an isolated case as other models did not
show this type of systematic error.

DISCUSSION

In the current study, 5 (KZ, YX200, NL, YX701, and
SL330) of the 13 pedometers tested yielded mean values
that were not significantly different from the criterion. Five
(FR, AC, SK, CO, and SL345) pedometers significantly
underestimated steps and three (WL, OM, and OR) signif-

COMPARISON OF 13 PEDOMETERS

TABLE 2. Difference scores (comparison — criterion pedometer) in number of steps
over a 24-hr period.

Pedometer Mean SD 95% Cl 95% Pl

FR* ~2445 2157 —3454. —1436 —6672, 1782
AC* 2189 2697 —3451, —926 —7475, 3098
SK* -1161 2279 ~2228, -94 —5629, 3307
co* —1042 2146 ~2407, 38 —5249, 3164
SL345* -997 1872 1873, —121 —4666, 2673
KZ —703 1537 ~1422,17 3716, 2311
YX200# -372 1685 -1161, 417 —3675, 2931
NL 206 1539 514,926 —2809, 3222
YX701 426 1547 298, 1149 —2606, 3457
SL330 443 1885 -439,1325 —3251, 4137
WLt 1099 1833 241,1957 —2493. 4691
oMt 2266 3019 853, 3679 —3652, 8183
ORt 3636 2662 2390, 4882 —1583, 8654

SD standard dewatuon Cl, confidence rmerva\ PI, prediction interval.
* Significantly lower than the criterion (P < 0.05).

t Significantly higher than the criterion (P << 0.05).

#This pedometer is also sold under the names Accusplit AE120 and Walk4Life

LS2000.

icantly overestimated steps, compared with the criterion
(YX200).

The statistical power in the present study was adequate to
detect a 10% difference among pedometer brands. This
roughly coincided with what we considered to be a mean-
ingful difference. For research purposes, we suggest using
one of the models that did not significantly differ from the
criterion. The pedometers that met this standard are the KZ,
YX200, NL, YX701, and SL330. However, given the fact
that statistical significance is a function of sample size (15),
some emphasis should be placed on practical significance.
Thus, we suggest that the CO and SL.345, which were
significantly different from the criterion but had mean val-
ues within 10% of the criterion would be suitable choices for
physical activity promotion purposes.

The following pedometer determined steps per day activ-
ity classifications have been proposed: <5000 sedentary,
5000-7499 inactive, 7500-9999 somewhat active, and
=10,000 active (17). Having standardization among pedom-
eter brands is necessary to ensure that such a classification
scheme for activity status is meaningful. If a pedometer
yields mean scores that are not within £ 10% of the crite-
rion, the risk of misclassification increases, making it dif-
ficult to compare results across studies. In addition, given
that the same pedometer model on the right and left hip can
differ by 5%, this suggests that an acceptable difference of
less than 10% may be too strict. It is important to note that
an acceptable difference of 10% applies only to free-living
conditions. Laboratory type validations must be held to a
higher standard as suggested in previous publications (4,11).

Schneider et al. (11) previously showed that the KZ, NL,
and YX701 were the most accurate pedometers at counting
steps during a 400-m track walk at a self-selected pace.
These three pedometers are all made in Japan and they all
met the Japanese Industrial Standard set by the Ministry of
Industry and Trading regulations (5), which requires less
than a 3% margin of error (3 steps out of 100). Interestingly,
these same three devices (KZ, NL, and YX701) were among
the five pedometers that were not significantly different
from the criterion (YX200) in the present study.
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FIGURE 2—Representative Bland-Altman plots for three pedometers
with varying accuracy. The New Lifestyles NL-2000 (NL) was one of
the five most accurate pedometers, the Freestyle Pacer Pro (FR) was
among the five pedometers that significantly underestimated steps
(P < 0.05) compared with the criterion, and the Oregon Scientific
PE316CA (OR) was one of three pedometers that significantly over-
estimated steps (P < 0.05). Solid horizontal line = mean error score,
dashed lines = 95% prediction intervals (i.e., 95% confidence intervals
of the individual observations).
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Crouter et al. (4) also showed that the KZ, NL, and
YX701 were among the most accurate pedometers at count-
ing steps on the treadmill at speeds ranging from 54 to 107
m-min~'. These three pedometers, along with the WL,
showed acceptable accuracy (recording at least 88% of
actual steps) at a slow speed (54 m'min ') and thus were
considered a good choice for research studies. In that study.
these same three pedometers were among six that gave mean
values within = 1% of the actual steps taken at 80 m-min '
and above.

There are four plausible explanations for the step count-
ing discrepancy that exists among pedometer models. First,
models may differ in their vertical acceleration threshold
required to trigger a step. This feature is related to the
internal mechanism of the device, which has been described
in a previous publication (11). Those devices that are highly
sensitive compared with the criterion model are prone to
overestimate steps while those that are less sensitive would
likely underestimate steps. The Yamax SW-200 requires an
acceleration = .35 g to register a step (16). Tudor-Locke et
al. (16) compared a pedometer (YX200) and the CSA model
7164 accelerometer/step counter over a 24-h period and
found a significant difference in mean step counts with the
YX200 counting 1845 fewer steps per day than the CSA.
This difference was attributed to the CSA’s lower vertical
acceleration threshold required to record a step compared
with the YX200 (0.30 g vs 0.35 g). Although the lower
threshold of the CSA makes it more likely to capture steps
at slower walking speeds, it is also apt to detect nonambu-
latory activity such as twisting, fidgeting, and bending as
well as mechanical vibration (e.g., motor vehicle travel) (7).
Second, some pedometers (FR, AC, and SL345) are pro-
grammed to only begin recording steps after four consecu-
tive steps have been taken. For example, if an individual
took just four steps and then stopped, the steps would not be
counted. However, if he took five or more consecutive steps,
each step would be counted (the first four steps do not
appear on the output screen but the fifth step registers as a
five and every step is counted individually thereafter). This
feature would logically result in an underestimation in steps
when compared with a device that counts every step regard-
less of whether or not they were taken in succession. Third,
some devices may be more accurate than others in over-
weight or obese subjects. In an individual with a significant
amount of abdominal obesity, the pedometer may not be
vertically aligned resulting in decreased accuracy (11). Fi-
nally, one device (OR) has been shown to frequently dou-
ble-count steps (11), which explains the overestimation in
this study.

Previous studies have shown that waist-mounted pedom-
eters gave mean values within = 12% at speeds = 80
m-min~' (1,4) although they tend to underestimate steps
taken at slower walking speeds. A gait laboratory study
found that the self-selected walking speed of 200 healthy
adults averaged 84 m-min~' (14). Taken together, this might
lead one to conclude that most pedometers would yield
fairly similar values (steps per day) in free-living adults
However, the present study found large mean error scores
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between pedometers, ranging from an underestimation of
25% to an overestimation of 45%, for 24-h data. This
suggests that a large percentage of steps taken throughout
the day might be accumulated at slower speeds or in light
activity. For future studies, we recommend the selection of
a pedometer model that compares closely with the criterion
model used in the current study. This would help to ensure
standardization of free-living pedometer data.

Hatano (5) has proposed that taking 10,000 steps per day
would be effective for cardiovascular disease prevention. He
estimates that a 60-kg Japanese male would expend at least
333 keal-d” ' in walking 10,000 steps. Earlier rescarch in-
dicates that this amount (>2000 kcal-wk ') appears to be
protective against heart attacks (8). Alternatively, Hill has
proposed that weight gain could be eliminated by some
combination of increasing energy expenditure and decreas-
ing energy intake by 100 kcal-d " (6). He notes that energ
expenditure can be increased by 100 kcal-d ™' by walking an
extra mile each day. Hill et al. (6) state that “Walking a mile,
whether done all at once or divided up across the day, burns
about 100 kcal, which would theoretically completely abol-
ish the energy gap and hence weight gain for most of the
population. A mile of walking for most people is only about
2000 to 2500 extra steps . . .." Whether one’s goal is 1o take
10,000 steps per day or to increase normal daily walking by
2000 steps per day, it is essential that the pedometer counts
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