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Abstract

The aim of this study was to evaluate accuracy of seven commercial activity monitors in

measuring steps in older adults with varying walking abilities and to assess monitor acceptability
and usability. Forty-three participants (age = 87 = 5.7 years) completed a gait speed assessment,
two walking trials while wearing the activity monitors, and questionnaires about usability features
and activity monitor preferences. The Accusplit AX2710 Accelerometer Pedometer had the
highest accuracy (93.68% +13.95%), whereas the Fitbit Charge had the lowest (39.12% = 40.3%).
Device accuracy varied based on assistive device use, and none of the monitors were accurate at
gait speeds <0.08 m/s. Barriers to monitor usability included inability to apply monitor and access
the step display. Monitor accuracy was rated as the most important feature, and ability to interface
with a smart device was the least important feature. This study identified the limitations of the
current commercial activity monitors in both step counting accuracy and usability features for

older adults.
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Physical activity is an essential part of healthy aging given the widespread, well-documented
benefits for older adults (DiPietro, 2001). Despite this, older adults are the least likely group
to achieve physical activity recommendations and spend the most time in sedentary behavior
(Seguin et al., 2012). Commercial activity monitors that count steps may be effective in
measuring and promoting physical activity in older adults as walking is a common form of
exercise and light activity in this age group (Cavanaugh, Coleman, Gaines, Laing, & Morey,
2007). In addition, the knowledge of daily steps can assist older adults with behavioral
change by promoting objective physical activity goals (Croteau, Richeson, Farmer, & Jones,
2007; Pelssers et al., 2013; Rosenberg et al., 2012; Talbot, Gaines, Huynh, & Metter, 2003).

Although commercial activity monitors could promote physical activity in older adults, there
are several gaps in the current knowledge related to the accuracy of the monitors in counting
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steps. Previous studies have examined the ability of activity monitors to count steps in adults
during treadmill walking (Chow, Thom, Wewege, Ward, & Parmenter, 2017; Wong, Mentis,
& Kuber, 2018) or at controlled walking speeds (Singh, Farmer, VVan Den Berg, Killington,
& Barr, 2016), which may be different than walking over ground at an individual’s usual,
selfselected gait speed (Watt et al., 2010). In addition, activity monitor validation studies in
older adults have not evaluated accuracy of commonly used wrist- and shirt-worn activity
monitors (Martin, Krc, Mitchell, Eng, & Noble, 2012; Webber, Magill, Schafer, & Wilson,
2014), and few studies have included older adults who use an assistive device for walking,
such as a wheeled walker (Paul et al., 2015; Treacy et al., 2017; Webber et al., 2014).
Finally, little is known about the usability features of the monitors and the activity monitor
preferences of older adults, which are important considerations given the expectation of
daily wear for physical activity promotion.

In the present report, we sought to determine the accuracy of a variety of commercially
available activity monitors in measuring steps in older adults who have a range of walking
speeds, to determine the accuracy of the activity monitors in measuring steps in older adults
who use assistive devices for walking and those who do not use assistive devices, and to
assess participants’ ratings of usability features of the activity monitors utilized in the study.
We also examined the preferred characteristics of activity monitors for older adults.

This cross-sectional study assessed the accuracy of commercially available activity monitors
in counting steps during walking at usual gait speed and examined the usability features of
the monitors for older adults.

Subjects and Settings

Participants were recruited through informational sessions conducted at four independent
living communities in the greater Pittsburgh area. After each session, interested individuals
were invited to meet with an investigator to learn about the study in greater detail and
schedule a study visit. To be eligible for the study, individuals had to be 65 years of age or
older, be able to walk at least 100 feet with or without an assistive device, and demonstrate
the ability to correctly answer basic questions about the study (study purpose and benefits/
risks of study). All study visits were conducted onsite at each of the independent living
communities and were administered by the principal investigator and members of the
investigative team. The University of Pittsburgh Institutional Review Board approved the
study, and all participants provided written informed consent before participation.

Self-Report Measures

The participants were asked about demographics; comorbid health conditions (Rigler,
Studenski, Wallace, Reker, & Duncan, 2002); and use of an assistive device for walking.
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All participants completed an initial assessment of gait speed determined by recording the
time it took for each participant to walk the central 4 m of an 8-m course at their usual pace.
The gait speed was calculated as the distance (4 m) divided by the time it took to complete
the 4-m walk in seconds, as meters per second (m/s) (Peel, Kuys, & Klein, 2013).

Activity Monitors

Each participant wore up to eight physical activity monitors (seven different models with
one model worn at two locations) for this study. The seven models used were the Fitbit
Charge (Fitbit Inc., San Francisco, CA); Garmin Vivofit (Garmin Ltd., Schaffhausen,
Switzerland); Fithit Zip (Fitbit Inc., San Francisco, CA); Yamax SW-200 Digiwalker
Pedometer (YYamasa Tokei Keiki Co., Ltd., Tokyo, Japan); Accusplit AX2710 Accelerometer
Pedometer (Accusplit, Inc., Livermore, CA); Yamax EX-510 Pedometer (Yamasa Tokei
Keiki Co., Ltd., Tokyo, Japan); and Omron HJ- 321 Pedometer (Omron Healthcare, Inc.,
Lake Forest, IL). The last two devices (Yamax EX-510 and Omron HJ-321) were added
during the course of the study and thus were not worn by the first 13 participants. These
seven models were selected because they were widely commercially available at the time
and represent a range of cost, wear locations, and usability features (Table 1). Prior to the
walking tests, activity monitors were placed in a standardized manner across participants
following instructions recommended by the manufacturer. The Fitbit Charge and the Garmin
Vivofit were worn on separate wrists with the Fitbit Charge always worn on the participant’s
dominant arm and the Garmin Vivofit worn on the opposite arm for consistency. The Fitbit
Zip was attached to the shirt pocket or collar at the participant’s neckline. The Digiwalker,
Accupslit, Omron, Yamax EX-510, and a second Fitbit Zip were positioned at waist level
close to the anterior aspect of the thigh, but not in contact with each other, using an
adjustable belt.

100-Step Walking Test

Each participant completed two 100-step walking tests over ground while wearing all
activity monitors simultaneously. For each test, participants were asked to walk 100 steps on
a level surface at their usual walking pace. One investigator walked to the side and slightly
behind the participant to count steps using a handheld step counter, and a second investigator
was positioned on the other side of the participant to verify the step count. After the first
walking test, the participant was asked to sit for 2 min while step counts were recorded from
each device and the step counters were reset to zero. The procedure was repeated a second
time. The accuracy was computed for each trial and also both trials combined as the
percentage of investigator-counted steps that were identified by the physical activity monitor
(accuracy = 100 x monitor steps/observed steps). If a monitor identified more steps than the
investigator, the accuracy was penalized by subtracting the extra percentage of steps from
100%.

Usability Ratings for the Activity Monitors

After the walking trials, participants completed a questionnaire administered by the research
team to assess the activity monitor usability features. The participant was provided with each
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activity monitor and asked to rate the usability features of the device on a scale from 1
(worst) through 5 (best). The following features were assessed: ease in applying the monitor,
ease in reading the step display, comfort, and ease in accessing steps on the monitor.
Participants were asked to try each feature on the monitor prior to rating the usability of the
feature.

General Preferences for Activity Monitors

Using a questionnaire, participants were provided with a list of general activity monitor
features and asked to rate the important features based on their personal preferences on scale
from 1 (/east important) to 5 (most important). The features included the accuracy of the
monitor, ease with monitor application, ability to read the step display, comfort, ability to
access step display, cost, power source (rechargeable battery or long-term battery), wear
location, size, appearance, and ability of the monitor to synch with a smart device for added
features.

Data Analyses

Results

Appropriate summary statistics were computed to describe the participant characteristics of
the sample. Accuracy was summarized both overall and by assistive device use (used
assistive device and did not use assistive device) and by clinically meaningful gait speed
categories (<0.6 m/s, 0.6-0.79 m/s, 0.8-1.0 m/s, and >1.0 m/s) (Cesari et al., 2005).
Acceptable accuracy was defined as the activity monitor capturing =97% of observed steps
based on industry standards (Hatano, 1993). To examine activity monitor usability ratings,
the percentage of subjects indicating a favorable rating (a 4 or 5 on a scale from 1 to 5) for
each feature was calculated. To determine general activity monitor preferences, mean scores
were calculated for each feature based on participant ratings on a scale from 1 (/east
favorable) to 5 (most favorable).

Based on eligibility criteria, 44 participants were recruited for the study, and of these, 43
individuals consented (M + SD; age 87 £5.7 years). One participant was deemed ineligible
due to inability to understand the study purpose during the informed consent process.
Characteristics of the participants are listed in Table 2. Participants were predominantly
female (81%) and White (100%) with the majority (97.7%) completing high school. The
mean body mass index was 26.1 + 4.1 kg/m2. Average gait speed was 0.84 + 0.24 m/s, and
21 participants (49%) used an assistive device for walking. Participants had an average of
three comorbid health conditions with the most common domains being visual/hearing
(98%); followed by musculoskeletal (84%); and other general (i.e., sleep, pain; 35%) health
conditions.

Accuracy of the Activity Monitors

Figure 1 summarizes the overall accuracy of the activity monitors. The Accusplit AX2710
Accelerometer Pedometer had the highest accuracy (93.68% + 13.95%), followed by the
Fitbit Zip worn at the waist (75.25% + 35.56%), the Omron Pedometer (71.71% +38.01%),
the Yamax EX-510 Pedometer (71.01% + 35.0%), the Fitbit Zip worn at the shirt collar or
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pocket (69.8% =+ 40.35%), the Garmin Vivofit (56.95% + 46.54%), the Digiwalker (52.83%
+37.73%), and the Fitbit Charge (39.12% + 40.3%).

Accuracy of Activity Monitor by Assistive Device Use

Table 3 summarizes the accuracy of the activity monitors stratified by assistive device use.
Monitor accuracy varied based on assistive device use with a range of 64.12% =+ 33.04% to
97.15% + 7.44% in those not utilizing an assistance device (7= 22) and a range of 12.93%
+29.27% to 90.04% + 17.98% in those who used an assistive device (7= 21). None of the
activity monitors were =97% accurate in counting steps in those who used an assistive
device such as a cane, wheeled walker, or rollator. Only the Accusplit was =97% accurate in
counting steps in those who walked without an assistive device.

Accuracy of Activity Monitor by Gait Speed Category

Table 4 summarizes the accuracy of the activity monitors based on gait speed category. None
of the activity monitors were accurate at gait speeds <0.8 m/s. Only the Accusplit was =297%
accurate at gait speeds between 0.8 and 1.0 m/s, and only the Fitbit Zip, Accusplit, Omron,
and Yamax EX-510 were =97% accurate at gait speeds >1.0 m/s. After the removal of the
one participant using an assistive device in the >1.0 m/s gait speed category, the accuracy of
the Garmin Vivofit increased to =97% accuracy.

Usability Ratings for the Activity Monitors

Figure 2 summarizes the percentage of participants who provided a favorable usability rating
(rating of a 4 or 5 on a 5-point Likert scale) for the following categories: Easy to Apply
Monitor, Easy to Read Steps, Comfortable to Wear, and Easy to Access Steps. In the “Easy
to Apply Monitor” category, the majority of the monitors (five out of seven) received a low
percentage (<75%) of favorable ratings. All monitors received a high percentage (>75%) of
favorable ratings for “Easy to Read Steps” and four of the seven monitors received a high
percentage (>75%) of favorable ratings for the “Comfortable to Wear” category. The Yamax
EX-510 activity monitor received the highest percentage of favorable ratings in all
categories, whereas the Garmin Vivofit received the lowest percentage of favorable ratings
for three of the four categories (Easy to Apply, Easy to Read, and Comfortable). The Yamax
Digiwalker received the lowest percentage (20%) of favorable ratings for the category of
“Easy to Access Steps.”

Important Features of Activity Monitors

Figure 3 summarizes participant ratings of important general features of activity monitors.
Participants rated accuracy of the activity monitor as the most important feature (4.68 out of
5), followed by easy to apply monitor (4.67 out of 5), and easy to read steps (4.65 out of 5).
Participants rated the ability of the activity monitor to synch with a smart device as the least
important feature (1.19 out of 5).

Discussion

In this study of older adults, the accuracy of the commercially available activity monitors for
counting steps ranged from 39% to 94%; thus, none of the monitors met the standard of
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having less than a 3% margin of error in step counting accuracy (Hatano, 1993). The
Accusplit Accelerometer Pedometer, a “low-cost,” accelerometry-based, waist-worn
monitor, was the most accurate of the seven monitors studied, and the Fitbit Charge, a “high-
cost,” wrist-worn monitor, was the least accurate.

Activity monitors accuracy varied by use of assistive device. None of the activity monitors
were =97% accurate in counting steps in those who used an assistive device such as a
wheeled walker, rollator, or cane for walking. Furthermore, only the Accusplit
Accelerometer Pedometer was accurate in counting steps in those who walked without an
assistive device. The wrist-worn monitors (Fitbit Charge and Garmin Vivofit) were found to
be least accurate in counting steps in those who used an assistive device and tended to
grossly underestimate steps in this group by >80%. Treacy et al.(2017) reported similar
findings of decreased accuracy of wrist- worn monitors in those who utilized an assistive
device in a study of 166 patients in rehabilitation. Wrist-worn monitor accuracy may be
impacted by the stationary placement of the upper extremity on an assistive device such as a
wheeled walker, which likely impedes the device in detecting stepping motion and thus leads
to a slower than those who do not use a device, which was the case in the current study.
Thus, it is likely that the lack of upper extremity movement, as well as slow gait speed,
influence monitor accuracy in those who use an assistive device. In those who use an
assistive device for walking, wear location of the activity monitor must be considered with
greater consideration given to monitors worn at the waist.

Accuracy of the monitors varied with gait speed with improved accuracy in those who
walked at faster speeds. None of the activity monitors were able to count steps with
sufficient accuracy in those who walked the slowest (<0.8 m/s), and most monitors
significantly undercounted steps by >50% in these slower walkers. Only one of the seven
monitors (Accusplit) was >97% accurate in those who walked at speeds 0.8-1.0 m/s, ad just
four of the seven monitors (Fitbit Zip worn at either location, Accusplit, Omron, and Yamax
EX-510) were accurate in those who walked >1.0 m/s. These findings are in agreement with
other studies that have reported decreased accuracy of activity monitors in counting steps in
those who walk slowly. The current study adds to these findings by reporting on the
accuracy of wrist-worn devices and includes a sample of older adults who walk at slower
gait speeds (Melanson et al., 2004; Storti et al., 2008). It is worth noting that the Accusplit
Accelerometer Pedometer, a low-cost commercially available activity monitor, was shown to
be highly accurate in those who walk at least 0.8 m/s, which is similar in accuracy to high-
cost, research-grade activity monitors (Cindy Ng, Jenkins, & Hill, 2012; Grant, Dall,
Mitchell, & Granat, 2008). Given the high accuracy and low cost of this monitor, the
Accusplit is well suited for use by clinicians who wish to increase physical activity in older
adults through the promotion of daily step counting.

Our study highlights the importance of considering the activity monitor wear location,
walking speed, and assistive device use in older adults when choosing a device to monitor
steps. In the faster walkers (>1.0 m/s), waist- and shirt-worn accelerometry-based monitors
were more accurate in counting steps than wrist-worn monitors. However, when monitor
accuracy in this walking category was examined only in those who walk without an assistive
device, the accuracy of the wrist-worn Garmin Vivofit increased from 89.73% to 97.20%.
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This finding suggests that the use of an assistive device such as a walker in those who walk
at faster gait speeds might reduce monitor accuracy and reinforces the notion that both
assistive device use and gait speed exert an influence on monitor accuracy.

This study is the first to our knowledge to assess usability ratings of various activity
monitors in older adults. We found most monitors were rated favorably by participants for
ease in reading steps and comfort; however, participants rated most monitors as hard to
apply and difficult to access the step count. Participants rated pedometers that attached with
a leash cord and metal clip at the waist or pocket as most favorable for application, whereas
the wrist-worn monitors were rated least favorable for application. Specifically, participants
reported difficulty with applying the wrist-worn monitors and reported a preference for a
wristband that required less adjustment and finger dexterity similar to a stretchable
watchband. In addition, participants were noted to have difficulty with application of
monitors that required management of a tight clip on the device for securing the monitor to
the waist and were unable to access the step display in the pedometers that required the
opening of a pedometer case to view step display. Because self-monitoring of steps depends
on habitual use, these preferences should be considered in the selection and future design of
activity monitors for older adults.

Little is known about activity monitor features that are important to older adults and about
the particular characteristics that may promote daily wear of the monitor for physical
activity adoption. This study revealed that monitor accuracy was the most important feature,
followed by ease in applying the monitor and ease in reading the step display. In contrast,
our study revealed the least important feature of the activity monitors was the ability to
interface with smart device. This finding suggests that the relatively simple “pedometer-
style” activity monitors may be more appealing to older adults in spite of the trend for
development of more sophisticated activity monitors that feature additional monitoring
capabilities and software features.

The Yamax EX-510 pedometer was rated the highest in usability ratings, and this monitor
features attachment with a leash cord and metal clip (vs. band or clip located on the
monitor). In addition, the step display on this pedometer is readily available on the front of
the device eliminating the need to open a case or scroll through various activity settings to
access the step display. Thus, to promote more widespread adoption of activity monitors for
promoting physical activity in older adults, future devices should feature simplified
application features that take into account decreased hand dexterity and strength in older
adults while allowing for easier access to the step display.

This study has several limitations including a small number of participants in some of the
walking speed groups and the precision of our mean accuracy estimates may be less in those
groups. The entire sample of participants was White, and the participants were
predominantly female; therefore, our findings may not be generalizable to other populations.
In addition, in monitors that consider individual characteristics of the wearer (i.e., stride
length, height, and weight), we did not adjust the settings of the activity monitors for each
participant. Adjusting the settings of the activity monitor may have had an influence on
monitor accuracy; however, resulting errors would likely have a larger impact on other
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measures such as distance or energy expenditure, which were not assessed in this study. The
activity monitors were presented to participants in a standardized order during testing of
usability features, which may have resulted in participants providing less feedback on the
later monitors due to fatigue. Finally, the criterion of 97% for acceptable accuracy was
derived as a Japanese standard from a manufacturing and quality control perspective
(YYamasa Tokei Keiki Co., Ltd., Tokyo, Japan). The same standard may not be appropriate
from a user perspective.

Despite these limitations, our study had several strengths. We used a variety of widely
available activity monitors that varied in appearance, wear location, and features.
Participants represented a range of walking abilities. We solicited direct feedback from the
older adults about what features of the activity monitors were important to them, which
could provide essential information for individuals seeking to encourage walking activity in
this population through self-monitoring of steps.

Conclusion

Commercial activity monitors have suboptimal accuracy in counting steps in older adults
who walk slowly and/or use an assistive device. Of the activity monitors examined in this
study, a low-cost pedometer was the most accurate for counting steps in older adults with a
range of walking abilities. Wrist-worn monitors considerably undercounted steps in those
who used an assistive device for ambulation. The choice of an activity monitor and wear
location should be guided by the specific characteristics of the individual or group and must
consider the use of an assistive device for walking and gait speed. Common barriers to
activity monitor usability are the inability to apply the monitor and difficulty accessing the
step display. In older adults, the ideal activity monitor is one that is accurate, easy to apply,
and allows the individual to access step count without difficulty. Our results highlight the
limitations of the current commercial activity monitors in both step counting accuracy and
usability features for older adults.
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Figure 1 —.

Overall percentage accuracy? of activity monitors. 2Accuracy was defined as monitor steps/
observed steps x 100 with 100% indicating perfect accuracy.
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Figure 2 —.

Percent of participants reporting a favorable usability rating for the activity monitor.
Favorable rating = rating of a 4 or 5 on a 5-point Likert scale.
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Figure 3 —.

Important features of activity monitors based on participant ratings (mean rating).
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Participant Characteristics (n = 43)

Characteristic M + SD (Range) or n (%)
Age (years) 86.7 + 5.7 (69-98)
Female 35 (81.4%)
Race
White 43 (100.0%)
Education
elementary 1(2.3%)
high school 23 (53.5%)
college 16 (37.2%)
postgraduate 3(7.0%)
Comorbid conditions
number of comorbidities 3.0+1.2 (1-6)
Comorbidity domains
cardiovascular 7 (16.3%)
neurological 7 (16.3%)
musculoskeletal 36 (83.7%)
general 15 (34.9%)
visual/hearing 42 (97.7%)
diabetes 8 (18.6%)
cancer 10 (23.3%)
lung 5 (11.6%)
Height (m) 1.61+0.09
Weight (kg) 68.3+13.4
Body mass index (kg/m?) 26.1+4.1
Gait speed (m/s) 0.84+0.24
Assistive device
no device 22 (51.2%)
cane 4 (9.3%)
wheeled walker/rollator 17(39.5%)
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