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Abstract

Objective: The Yamax Digi-Walker CW-701 (Yamax CW-701) is a low-cost pedometer that includes a 7-day memory, a 2-week

cumulative memory, and automatically resets to zero at midnight. To date, the accuracy of the Yamax CW-701 has not been

determined. The purpose of this study was to assess the accuracy of steps recorded by the Yamax CW-701 pedometer

compared with actual steps and two other devices.

Methods: The study was conducted in a campus-based lab and in free-living settings with 22 students, faculty, and staff at a

mid-sized university in the Southeastern US. While wearing a Yamax CW-701, Yamax Digi-Walker SW-200, and an ActiGraph

GTX3 accelerometer, participants engaged in activities at variable speeds and conditions. To assess accuracy of each device,

steps recorded were compared with actual step counts. Statistical tests included paired sample t-tests, percent accuracy,

intraclass correlation coefficient, and Bland�Altman plots.

Results: The Yamax CW-701 demonstrated reliability and concurrent validity during walking at a fast pace and walking on a

track, and in free-living conditions. Decreased accuracy was noted walking at a slow pace.

Conclusions: These findings are consistent with prior research. With most pedometers and accelerometers, adequate force

and intensity must be present for a step to register. The Yamax CW-701 is accurate in recording steps taken while walking at

a fast pace and in free-living settings.
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Introduction

Inactivity is an important public health problem that has
led to an increased interest in tools to measure physical
activity. Pedometers and activity monitors have
increased in popularity over the past decade.1 Since
they provide immediate feedback on achievement of
activity goals, pedometers can be used as a motivational
and educational tool. When used as a research tool, they
can provide objective data on exercise,2 which are often
grossly under or over reported in self-report diaries and
activity logs.3 However, in order for pedometers and
activity monitors to be used effectively, they must meas-
ure steps and physical activity validly and reliably.

The pedometers and activity meters on the market
vary greatly in cost, accuracy, ease of use, and function.
The Yamax Digi-Walker CW-701 (Yamax CW-701,
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Yamasa Tokei Keiki Co., Ltd., Tokyo, Japan; formerly
sold as the Yamax Digi-Walker CW-600 Pedometer) is
easy to use and is priced under $30. It contains a seven-
day step memory and a two-week cumulative memory,
and automatically resets to zero at midnight.

Pedometer accuracy studies have found that the
Yamax SW-200 Digi-Walker (Yamax SW-200,
Yamasa Tokei Keiki Co., Ltd., Tokyo, Japan) accur-
ately recorded steps at various speeds and condi-
tions.4�6 The Yamax SW-200 pedometer has been
used in research including studies of persons with
Parkinson’s disease,7 community-dwelling adults,8

track runners,9 and persons with neurological condi-
tions.10 In fact, the Yamax SW-200 has been used as
the criterion pedometer for evaluating other pedom-
eters.6 In prior studies, the Yamax SW-200 has demon-
strated consistent accuracy giving step counts within
1�3% of actual steps,9,11,12 performs well during a
range of walking speeds, and the output is highly cor-
related to the ActiGraph GTX3 (r¼ .87).13

The ActiGraph GTX3 accelerometer (ActiGraph
LLC., Pensacola, FL) has undergone extensive testing
and has been consistently found reliable and valid.14�16

The ActiGraph GTX3 has been used in many studies,
including large cohort studies, to measure physical
activity quantity and intensity.17 In addition to
number of steps taken, it can provide sleep/wake pat-
terns, and data on heart rate and energy expenditure.3

Though research-grade accelerometers such as the
ActiGraph GTX3 are accurate and hold several weeks
of data, they can cost up to $250 per unit, making them
prohibitively expensive for community-based studies
where funding may be limited. Also, they require com-
puters and software to read and interpret the data,
increasing cost and diminishing usefulness as a motiv-
ational tool for those who do not have the skills and
equipment needed to view the data.3

The Yamax CW-701 has many attractive features
that may make it easier to use in memory-impaired or
low-literate populations. The memory and auto reset
features may make this model a more useful research
tool. Though pedometers may have the same manufac-
turer and similar mechanism, variation within pedom-
eter models is possible.12 To date, the reliability and
validity of the Yamax CW-701 have not been estab-
lished. This study was designed to determine whether
it accurately counts number of steps taken at a variety
of walking speeds and in free-living settings.

Methods

Accuracy, assessed in terms of inter-methods reliability
and criterion validity, was determined by having partici-
pants simultaneouslywear three devices:YamaxCW-701,
Yamax Digi-Walker SW-200, and an ActiGraph GTX3

accelerometer. Each participant engaged in observed
walking activities in a lab and on a track, and for 24
hours in free-living settings. To assess accuracy of each
device, steps that were observed were tallied and com-
pared with actual step counts. Statistical tests included
paired sample t-tests, percent accuracy, intraclass correl-
ation coefficient (ICC), and Bland�Altman plots.

We recruited 22 volunteers including 13 women and
nine men for the study. Participants’ ages ranged from
18 to 36 (M¼ 23.7, SD 4.6). The average body mass
index was 23.7 kg/m2 (SD 4.6), and three participants
were overweight or obese. Mean waist circumference
was 82.3 cm (SD 13.2).

The study took place at a mid-sized university in the
Southeastern US. Data were collected in a campus-
based physical activity lab and indoor track, and in
free-living settings. Participants included university stu-
dents, faculty, and staff who were in good health and
reported that they were able to walk quickly for
10 minutes without an assistive device. Potential partici-
pants were excluded if they were pregnant, had severe
vision impairment or legal blindness, had a medical con-
dition in which physical activity was contraindicated, or
had other physical or neurological impairments that pre-
vented walking at both a slow and fast pace. Participants
were given $25 compensation for their time.

After obtaining approval to conduct the study from the
university Institutional Review Board, flyers were posted
throughout the university campus. Interested participants
contacted a research assistant, were sent additional infor-
mation, and made an appointment to visit the lab. Those
who agreed to participate provided informed consent, and
completed a short demographic questionnaire and health
screening form. Afterwards, their height, weight, and waist
circumference were taken. In addition, to eliminate health-
related risks, heart rate and blood pressure were taken
after participants rested for five minutes, using an
Omron HEM-705CP automated blood pressure and
pulse monitor (Omron Healthcare Europe, Hoofddorp,
The Netherlands), before participants engaged in physical
activity.

Five Yamax SW-200, five Yamax CW-701 pedom-
eters, and four ActiGraph GTX3 accelerometers were
numbered and used randomly throughout the study.
Hand-tallied step count was used as the criterion measure
in lab settings where steps were observed.5,12 The Yamax
SW-200 was used as the criterion measure in free-living
settings where observing steps was not feasible.

While standing, a Yamax SW-200 was clipped to the
participant’s waistband on either the left or right hip, and
a Yamax CW-701 pedometer was clipped to the opposite
hip. Then, an ActiGraph GTX3 accelerometer was ran-
domly clipped to the left or right hip. Prior research has
shown that placement on the waist does not affect ped-
ometer and accelerometer performance.11,12
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A step test was done to assess pedometer function-
ality.18,19 Participants were asked to take 10 steps on
and off a six-inch riser at a self-determined pace. After
the step test, each pedometer was assessed to verify step
recognition. With the pedometers and activity monitor
remaining in their initial position, participants were
next asked to walk on a treadmill for five continuous
minutes at slow pace (54mmin�1) wearing an emer-
gency stop belt. While walking, one research assistant
manually counted steps using a hand-tally counter,
while another research assistant video recorded the par-
ticipant’s steps using a digital camera. After a five-
minute break, participants were asked to walk on the
treadmill at a fast pace (107mmin�1).

Participants were then escorted to an indoor track
where they walked 400m at a self-selected moderate
pace; the steps they took were again counted using a
hand-tally counter and video recorded. To allow partici-
pants to walk at a speed they selected, the research assist-
ants walked behind the participant while counting and
video recording. Prior to each activity, all three meters
were reset to zero. At the end of each activity, the
research assistant recorded the number of steps dis-
played on each meter. The video recordings from the
camera were downloaded onto a desktop computer
and viewed using a media player. A research assistant
recounted the steps using a hand-held tally counter to
verify accuracy. If there was a discrepancy in step count,
counts were repeated until agreement was achieved.

Finally, the pedometer’s ability to measure steps
taken under free-living conditions was assessed. The
two pedometers and ActiGraph GTX3 accelerometer
were all set to zero but remained on the participant’s
waistband for the next 24 hours. During this time, par-
ticipants were instructed to engage in their typical activ-
ities and to remove the devices only while sleeping,
bathing, or engaging in contact or water sports.
Participants were asked to record the start and stop
time of activities such as sleeping and vigorous activity.
Participants were also asked to not reset the pedometers.
At the conclusion of the 24 hours, participants met with
a research assistant to return the meters and the number
of steps recorded by each device was recorded.

Data analysis

Statistical analysis was conducted using SPSS version
19 (IBM Corp., Armonk, NY). Mean step count and
standard deviation were calculated for each device and
condition. A paired sample t-test was used to assess
whether significant differences existed between the cri-
terion and the pedometer, using an alpha of 0.05 to
denote statistical significance. To determine percent
accuracy, a score was calculated using the device
count and the criterion ([device count/observed step

count]� 100). Percent relative error (PRE) was
calculated using the following formula: (PRE¼ [device
count � observed count)/observed count]� 100).

The SPSS reliability procedure was used to deter-
mine the ICC (two-way mixed Cronbach alpha
method) and 95% confidence intervals (CI) for the
CW-701 in relation to the other two devices. A value
of greater than 0.80 was used to indicate practical sig-
nificance.20 For ICC in the free-living setting, the SW-
200 was used as the criterion since step observation was
not feasible. Finally, Bland�Altman plots with 95%
prediction intervals were constructed to show the dis-
persion of the pedometer scores around zero for the
Yamax CW-701, compared with the step count for
slow walking on the treadmill, fast walking on the
treadmill, and walking the track. Bland�Altman is an
accepted technique used to show the accuracy of bio-
medical devices. The average actual step and device
count is plotted on the x-axis. For example, the average
of the actual step count and the device count (actual
countþ device count/2) for each person and condition
is plotted on the x-axis. The difference between actual
step and device count is plotted on the y-axis (actual
count � device count). Individual error scores closer to
zero indicated a more accurate device.21

Results

Means and standard deviations for each device and
each condition were calculated (see Table 1). Paired t-
tests indicated the CW-701 mean step count was signifi-
cantly lower than the criterion mean count in both
the slow treadmill walking (Diff¼�64.23 steps;
t¼�3.87, df¼ 21, p< .01) and fast treadmill walking
(Diff¼�4.96 steps; t¼�4.05, df¼ 21, p< .01), but
showed no significant difference in the track walking
condition (Diff¼ 2.91 steps; t¼�1.40, df¼ 21,
p> .05). In addition, it is valuable to consider the vari-
ability across participants. The SD, also shown in
Table 1, shows that CW-701 has essentially the same
amount of variability as the criterion for fast walking
and track walking. This indicates that the CW-701 is
accurately assessing actual individual differences in
steps. However, the CW-701 shows almost twice as
much variability as the criterion in the slow treadmill
condition, indicating that it is less accurately assessing
individual differences in that condition (i.e. there is
more error).

The percent accuracy of steps recorded is displayed
in Figure 1. Percent greater than 100 indicated that the
device over-counted the steps and less than 100 sug-
gested an under count. Percent accuracy during slow
walking on the treadmill was lower for all three devices,
ranging from 83% to 86%. During fast walking on the
treadmill and the track exercise, the three devices
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ranged from 97% to 102%, indicating that the Yamax
devices slightly over-counted steps. In addition,
dependent sample correlations between the CW-701
and the criterion were computed. This test assesses
the degree to which the device accurately assessing indi-
vidual differences even though it may be consistently
lower (or higher) than the actual criterion. The results
show that the device is accurate in the fast treadmill
(r¼ .99, p< .01) and track walking (r¼ .98, p< .01)
conditions; its inaccuracy appears to be highly consist-
ent across participants. The correlation in the slow
treadmill condition (r¼ .45, p< .05) was distinctly
smaller, indicating much less consistency in this
condition.

Percent relative error of the three activity meters for
each condition was then assessed (see Table 2). Positive
scores indicated over-estimates and negative scores
indicated under-estimates.22 The Yamax CW-701 had
a large margin of error during the slow walking

condition. However, percent error for the fast walking,
track walking, and free-living condition were within an
acceptable range.

Inter-pedometer reliability was assessed using the
ICC (ICC1,2) to compare the Yamax CW-701 to
observed steps, steps recorded by the Yamax SW-200,
and steps recorded by the ActiGraph GTX3 (see
Table 3). For walking at a slow pace, the Yamax
CW-701 had poor reliability when compared with
observed steps (.37, 95% CI �.27 to .70), the SW-200
(.58, 95% CI �.03 to .83), and the ActiGraph GTX3
(.75, 95% CI .37 to .90). However, the CW-701 was
reliable (�.90) in measuring fast treadmill walking,
indoor track walking, and free-living activity when
compared with observed steps and the SW-200.
Reliability for the CW-701 compared with the SW-
200 while walking on the treadmill (.83) and indoor
track was marginal (.78). Bland�Altman plots of the
CW-701 demonstrated poor accuracy for slow walking
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Figure 1. Percent accuracy of steps recorded on Yamax CW-701, Yamax SW-200, and ActiGraph compared with steps counted (N¼ 22).

Table 1. Means and standard deviations for each device and condition (N¼ 22).

CW-701 SW-200 ActiGraph Actual steps

Mean SD Mean SD Mean SD Mean SD

Slow treadmill walking 407a 87 393a 114 398a 101 471 35

Fast treadmill walking 584a 37 581 54 582a 38 589 39

Track walking 567 47 573 52 555 55 564 47

Free-living 9312 3980 9520 4259 9358 3649 na na

na: Steps not observed in free-living setting.
aMean significantly different from mean actual steps.

4 DIGITAL HEALTH



on the treadmill (Figure 2(a)) and accuracy for fast
walking on the treadmill and walking on the track
(Figure 2(b),(c)). The mean error score fell near zero
and most scores fell within the 95% confidence interval.

Discussion

With the growing popularity of pedometers and 10,000
steps per day recommendation,23 there is a growing
need for devices that accurately count steps across
populations. The Yamax SW-200 has been compared
with actual steps in multiple studies6,9,12,13,24 and con-
sistently performs well. Similarly, the ActiGraph GTX3
is a valid and accurate device that can be used in
research.13 There can be significant variability in accur-
acy of pedometers based on the model, mechanism,
surface, walking speed, and user characteristics.
Although the Yamax SW-200 and ActiGraph GTX3

are highly correlated devices, pedometers and acceler-
ometers function differently and outputs should not be
used interchangeably.

To date, the accuracy of the Yamax Digi-Walker
CW-701 has not been established. Therefore, the pri-
mary purpose of this study was to determine the accur-
acy of the Yamax CW-701 pedometer during slow and
fast treadmill walking, track walking, and free-living
conditions. The Yamax CW-701 demonstrated accur-
acy at faster waking speeds, falling within �3% of
actual steps taken. The ICC suggested that the
Yamax CW-701 is reliable both at faster walking
speeds and in free-living situations. The Yamax CW-
701 did not perform well during the slow treadmill
walking activity. Consistent with prior research,11

both Yamax spring-levered meters undercounted steps
during slow walking on the treadmill (83% and 86%).
During fast walking on the treadmill and the track exer-
cise, all three meters performed well (96�102%).

To obtain a step log, researchers often rely on partici-
pant self-report to obtain a daily step log. The user must
manually record the number displayed on the meter at
the end of the day and the device must then be manually
reset to zero. This presents a challenge for low-literate or
memory-challenged individuals, and can introduce
potential errors in recorded data. The memory and the
reset features on the Yamax CW-701 may make this
model a better choice in these populations.

In this study, all three devices undercounted steps at
slower speeds. This is consistent with prior research
that also reported decreased accuracy with walking at
slower speeds.5,8,11,22,25-27 With most pedometers and
accelerometers, adequate force and intensity must be
present for a step to register. The Yamax pedometers
use spring-levered technology that detects and registers
vertical movement on a lever arm, which may be
affected by tilt. Yamax pedometers should be pos-
itioned vertically and adequately sensitive to step move-
ment to accurately measure steps taken.26 Another
explanation may be the insufficient force for the lever

Table 3. Intraclass correlation coefficeint (ICC2,1) for Yamax CW-701 step count versus step count, Yamax SW-200, and ActiGraph (N¼ 22).

CW-701 vs. counted steps CW-701 vs. SW-200 CW-701 vs. ActiGraph

Activity ICC 95% CI ICC 95% CI ICC 95% CI

Treadmill, slow pace .37 �.27 to .70 .58 �.03 to .83 .75 .37 to .90

Treadmill, fast pace .99 .95 to .99 .83 .59 to .93 .99 .99 to 1.0

Walking on indoor track .98 .93 to .99 .78 .48 to .91 .90 .74 to .96

Free-living na .98 .96 to .99 na

na: Step count not observed in free-living condition.

Table 2. Percent relative error of each meter compared with

actual step count for each condition (N¼ 22).

CW-701 SW-200 ActiGraph

Activity

Mean� SD

(range)

Mean� SD

(range)

Mean� SD

(range)

Treadmill,

slow pace

�13.7� 16.6a

(�58.2 to 1.3)

�16.4� 23a

(�61.4 to 31)

�15.9� 19.4

(�51 to 17.7)

Treadmill,

fast pace

�0.8� 1a

(�3.7 to 0.8)

�1.4� 6.7

(�23 to 14.6)

�1.3� 0.9

(�2.8 to 0.6)

Walk 400

meters

on track

0.5� 1.8

(�2.1 to 6.5)

1.8� 7.7

(�8.2 to 32.6)

�1.7� 4.5a

(�18.7 to 0.3)

Free-living 0.7� 24.6

(�51.3 to 38.6)

1.2� 22.7

(�48.6 to 52.2)

na

na: Step count not observed in free-living condition.
aSignificantly different compared with criterion (p< .05);
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to register movement when the pedometer is placed at
the hip.27 For overweight adults, disabled individuals,
or slow walkers, accelerometer pedometers, which can
tolerate more positions and recognize slower walking
speeds, may be more accurate. Further research and
development of devices that can be accurately used in
individuals with slow walking speeds is needed.28

Sample size and homogeneity were limitations in this
study. Though the sample size in this study was small,
participants were used to test several different condi-
tions. A review of pedometer validity studies revealed
that the sample size used in this study is consistent with
other pedometer accuracy studies.4,6,12,16,18,19 Further,
a meta analysis of nine walking-based pedometer stu-
dies cited one larger study with 106 participants while
the remaining eight studies had a sample size that
ranged from 15 to 38 with a mean of 25.29 The age
range of participants in this study was narrow; how-
ever, age alone has not been shown to be a factor in

pedometer accuracy. Another study limitation was the
few participants who were overweight. Future studies
should be conducted to test the accuracy of the Yamax
CW-701 in overweight and obese participants.

Conclusion

In conclusion, this study demonstrates the accuracy of
the Yamax CW-701 (previously sold as the Yamax CW-
600). Given the accuracy demonstrated by the Yamax
CW-701 compared with industry gold standards like the
ActiGraph GTX3 and Yamax SW-200, it can be used in
community-based settings, though may not accurately
count steps at slower walking speeds. Because the
Yamax CW-701 has the added benefits of a seven-day
step memory, two-week cumulative memory, and auto-
matic reset without the prohibitive cost or complexity of
activity monitors, it is an ideal tool for individuals who
might otherwise be unable to use such devices.
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