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Abstract
Objective: FAIT Tag is a wrist-worn consumer-oriented pedometer composed of a small and lightweight
core and silicone wrist band. The aim of this study was to validate the measurement precision and
accuracy of the FAIT Tag during walking.

Results: To assess intra-subject precision, �ve subjects wearing a FAIT Tag performed a repeated 200-
step walking test in which they walked 200 steps a total of 10 times. To assess inter-subject accuracy, 30
subjects wearing a FAIT Tag and ActiGraph walked for 3 minutes at two different speeds. Step count
measured by these devices was compared with the actual step count counted visually and
simultaneously by an investigator. The average intra-subject precision was 2.2. For the inter-subject
precision of FAIT Tag, the concordance correlation coe�cient and the absolute percentage error ranged
from 0.35 to 0.39 and 5.4% to 10.0%, respectively. In conclusion, the FAIT Tag is a practical pedometer
with low intra-subject error and acceptable measurement accuracy. It may be a useful tool for long-term
patient monitoring and digital biomarker acquisition.

Introduction
Digital devices equipped with various types of sensors have become increasingly more popular over
recent years. Wearable, non-invasive vital sensors are now readily available 1-3. The data obtained by
these devices, known as digital biomarkers 4, re�ect daily life at home. Digital biomarkers are expected to
play a complementary and enhancing role to traditional medical data acquired at hospitals. 

The number of steps an individual takes each day as part of their daily life can be considered a
digital biomarker. Step count is generally measured using an accelerometer. The waist-mounted
ActiGraph is known to be a highly reliable accelerometer; however, it requires frequent recharging (about
once a week) and is cumbersome to handle. In contrast, the FAIT Tag is a lightweight, 5 bar water-
resistant pedometer with longer battery life, and is considered suitable for long-term wear. Therefore, the
FAIT Tag has the potential to be a digital biomarker measurement device for long-term monitoring of
disease status; however, its measurement reliability has not been fully veri�ed. 

The purpose of this study was to validate the measurement precision and accuracy of the FAIT Tag
during walking.

Methods
1. Device

FAIT Tag (Sony Network Communications, Tokyo, Japan) is a wrist-worn battery-driven activity tracker
composed of a core and silicone wrist band. The core contains a tri-axial accelerometer and a consumer
button battery, and has a diameter of 25 mm, thickness of 8 mm, and weight of 15 g. It is a consumer-
oriented activity tracker for health promotion 5,6. Although it has no display, measured data can be
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transmitted via Bluetooth to a dedicated app on a smartphone or tablet, and further to a dedicated secure
cloud. In this study, we used �rmware that was updated in 2020. 

2. Pilot Study

In the pilot study, we assessed the intra-subject precision of step count. Five researchers performed a
repeated 200-step walking test in which they walked 200 steps a total of 10 times at their own pace
around a 150-m circuit or along a corridor over 100 m in length. FAIT Tag was worn on the non-dominant
wrist and the actual step count was counted visually by another researcher.   

3. Clinical Study

Healthy staff and students of Osaka University and Sony Corporation participated as volunteers in this
study. Participants were eligible for inclusion if they were 20 years old or older, and could walk without
assistance. 

Data were obtained from participants enrolled in the current study between June and November 2020.
Each participant completed a walking test on a single visit at two different speeds: a normal pace and a
brisk pace. The participants walked on treadmill or along a corridor over 50 m in length. Each participant
wore a FAIT Tag on the non-dominant wrist and an ActiGraph (ActiGraph, Pensacola, FL, United Sates) on
the waist. The normal and brisk paces were set at 4.0±1.0 km/hr and 6.0±1.0 km/hr for males, and
3.5±1.0 km/hr and 5.5±1.0 km/hr for females, respectively. The step count was measured using the two
activity trackers, and also visually by a researcher.

4. Statistical Analysis

All statistical analyses were performed using JMP Pro 15.1.0 and R 4.0.3. Continuous variables were
expressed as mean ± standard deviation (SD). Intra-subject precision was de�ned as the SD of measured
step count/actual step count x 100, with 0 as the best score, in each subject 7. The concordance
correlation coe�cient (CCC) was de�ned as CCC = 2σ12 / [(μ1-μ2)2 +σ1

2  +σ2
2 )], where σ12 is the

covariance, μ1 and μ2 are the mean, and σ1
2 and σ2

2 are the variance 8. Mean percentage error (MPE) was
calculated as [(measured step count – actual step count) / actual step count] x 100 [%]. Absolute
percentage error (APE) was calculated as [ (measured step count – actual step count) / actual step
count] x 100 [%]. 

Results
The �ve researchers who participated in the pilot study consisted of three males and two females whose
average age was 34±6 years old. The measured step count and intra-subject precision in the repeated
200-step walking test are shown in Table 1. The average intra-subject precision was 2.2. 
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Subsequently, a total of 30 participants were recruited to participate in the clinical study. The average age
was 36±10 years old, height was 168±9 cm, body weight was 62±12 kg and body mass index was
22.1±3.1 kg/m2. Eighteen (60%) were male and 27 (90%) were right-handed. Regression analyses
showed no signi�cant relationship between APE and age, height or gender in each condition (data not
shown).

We measured step count in a 3-minute walking test at two different speeds (Table 2). At the normal
walking speed, the step count measured by FAIT Tag was 322.4±31.4 and that by ActiGraph was
347.6±69.9; the actual step count was 337.0±22.3. At the brisk walking speed, step count measured by
FAIT Tag was 356.4±48.7 and that by ActiGraph was 403.6±46.7; the actual step count was 396.0±28.4. 

To assess agreement between the different measurement methods, we plotted step count measured by
FAIT Tag or ActiGraph on the y-axis against actual step count on the x-axis (Fig. 1a-d). The CCC between
the actual step count and step count measured by FAIT Tag was 0.39 at the normal walking speed (Fig.
1a) and 0.35 at the brisk walking speed (Fig. 1b). The CCC between the actual step count and step count
measured by ActiGraph was 0.13 at the normal walking speed (Fig. 1c) and 0.23 at the brisk walking
speed (Fig. 1d).

Bland-Altman plots for the actual and measured steps in each condition are showed in Fig. 1e-f. The plots
demonstrate that the FAIT Tag was likely to underestimate step count. There was no obvious
proportionality effect at either the normal or the brisk walking speed.

The MPE and mean APE under each condition are shown in Fig. 1i-j. The MPE ranged from -10.0% to
-4.2% for FAIT Tag, and 2.2% to 3.3% for ActiGraph, while the APE ranged from 5.4% to 10.0% for FAIT
Tag, and 5.6% to 9.4% for ActiGraph.

Discussion
We evaluated the precision and accuracy of FAIT Tag for counting steps during walking. FAIT Tag is a
simple, lightweight wrist-worn pedometer that may be suitable for long-term monitoring for months or
years. 

First, we performed a repeated 200-step walking test to assess intra-subject precision. There are limited
reports on the precision of pedometers. Furthermore, to our knowledge, no report has examined the intra-
subject precision of wrist-worn pedometers. Foster et al. reported that the precision of two commercially
available waist-worn pedometers ranged between 2.1 and 2.7 at 4.8 km/h and between 2.9 and 7.3 at 3.2
km/h 7. Our result of 2.2 is comparable to the precision of these waist-worn pedometers. 

Next, we assessed the inter-subject accuracy of FAIT Tag, together with ActiGraph, at two different
speeds. We expressed the measurement accuracy using four typical methods or parameters: CCC, Bland-
Altman plot, MPE and APE. Few studies have reported the CCC for pedometers and there is currently no
established CCC threshold. Daligadu et al. measured the accuracy of a Fitbit, a typical wrist-worn
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consumer device, using CCC and APE. They showed that the CCC and APE of the Fitbit was 0.46 and 16.2
for slow walking, and 0.33 and 21.9 for fast walking, respectively 9. Both MPE and APE are known
indicators of pedometer accuracy. APE is a more conservative estimate of error, because it considers both
overestimation and underestimation. Because FAIT Tag tended to underestimate the actual step count
(Fig. 1e, f), which is also true of other devices 10, we found no obvious difference in the percentage error
between MPE and APE. In contrast, APE was larger at the brisk walking speed than at the normal walking
speed. MPE is known to vary with walking speed for some pedometers 11,12. Considering that APE was
smaller at the normal walking speed than the brisk walking speed, FAIT Tag might be more suitable for
assessing usual daily activities. Although there is no absolute consensus on the acceptable error of
pedometers, an error of 3% in controlled walking and up to 10% in free living are considered acceptable in
some previous reports 13,14. Although the FAIT Tag performed relatively poorly in terms of CCC, it may be
an acceptable pedometer for long-term monitoring of daily life, given its lack of a proportional effect,
acceptable APE and MPE, and lightweight and small build. 

The mechanism underlying the variable accuracy of pedometers among subjects is not fully understood.
In our study, neither gender nor age affected APE (data not shown). Similarly, BMI had no effect on APE,
which is consistent with previous reports 12. Acceleration sensed by a pedometer on the wrist is affected
by the way an individual walks, including their arm swing, kick off from the ground and landing.
Evaluating raw acceleration during walking in different subjects is very important for interpreting
pedometer data. Therefore, we additionally examined acceleration patterns during walking. Three
members of our research team walked 200 steps at their own pace along a corridor wearing Shimmer
(Shimmer Sensing, Dublin, Ireland) and FAIT Tag on the non-dominant wrist. Shimmer is a research-grade
inertial measurement unit 15,16. We acquired acceleration values during walking at a sampling rate of 256
Hz. Step counts measured by FAIT Tag were close to the actual step count in Subject 4 and 6 (189 steps
and 195 steps, respectively), while the measured step count was an underestimate of the actual step
count in Subject 3 (162 steps). Supplemental Figure 1 shows representative waveforms of acceleration
norm and acceleration along the X, Y and Z axes recorded by Shimmer. The orientation of the X, Y and Z
axes are illustrated in Suppl Fig. 1g. Subjects 4 and 6 showed constant, periodic peaks of acceleration
norm (Suppl Fig. 1b, c). In contrast, the waveform for Subject 3 was small and jagged, and periodic peaks
were di�cult to identify (Suppl Fig. 1a). When comparing the waveforms in each axis, differences
between the subjects were most evident in the Y axis (Suppl Fig. 1d-f). These results suggest that wave
patterns of acceleration during walking differ among subjects, which may partially explain the varied
accuracy of pedometers among subjects. Furthermore, a pedometer is equipped with a number of
functions to avoid over-sensing caused by wrist movement when not walking or contact between the
wrist and trunk during walking. One such function is the dynamic threshold. FAIT Tag continuously
updates the threshold based on acceleration norm of the most recent series of steps 17. Another function
is to limit the frequency of acceleration norm. FAIT Tag continuously monitors the frequency of
acceleration norm with every 4 peaks without overlap. When the frequency is outside the pre-de�ned
range, the 4 peaks are excluded from step recognition to avoid over-sensing. Moreover, FAIT Tag requires
eight continuous norm peaks above the dynamic threshold to begin to detect walking 17. Therefore, FAIT
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Tag is unable to start counting steps if some peak(s) of the acceleration norm fail to reach the dynamic
threshold at the initiation of walking. Because the acceleration norm waveform during walking varies
from subject to subject, these overestimation avoidance functions may conversely reduce the
measurement accuracy of the FAIT Tag for some subjects. In general, there is often a trade-off between
methods for avoiding over-sensing and underestimating step count.

Conclusions
FAIT Tag is a small, lightweight pedometer with low intra-subject error and acceptable measurement
accuracy. It may be a useful tool for long-term patient monitoring and digital biomarker acquisition.

Limitations
The study had several limitations. First, the sample size was relatively small and the participants were all
healthy and young or middle-aged adults, which could limit the generalizability of the study �ndings to
aged populations or patients with diseases 18. Second, some of the participants walked on a treadmill
while others walked along a corridor. However, this difference in protocol does not seem to affect the
measured outcomes 11. Third, we assessed the accuracy of activity trackers only under controlled
conditions, but not under free-living conditions.

Abbreviations
APE: absolute percentage error; CCC: concordance correlation coe�cient; MPE: mean percentage error;
SD: standard deviation.
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Tables
Table 1 

            Heading:          Measured Step Count in Repeated 200-step Walking Test

Legends: Intrasubject precision was calculated as the SD of measured step count/ actual steps x 100,
with 0 as the best score. 
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Subject #1 #2 #3 #4 #5 Average

Mean step count, steps 199.1 196.8 151.3 194.8 183.4 185.1

Intra-subject precision 1.0 1.3 3.2 2.3 3.3 2.2

  

Table 2

Heading: Actual and Activity Tracker-measured Step Count during 3-minute Walking Test at Two Different
Speeds

Legends: Step count is expressed as average ± SD.

Normal Walking Speed  Brisk Walking Speed 

  n=30 n=30

Actual, steps 337.0±22.3 396.0±28.4

FAIT Tag, steps 322.4±31.4 356.4± 48.7

ActiGraph, steps 347.6±69.9 403.6±46.7

 

Figures
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Figure 1

(a–d) Plots of measured step count against actual step count. (a) FAIT Tag at the normal walking speed;
(b) FAIT Tag at the brisk walking speed; (c) ActiGraph at the normal walking speed; (d) ActiGraph at the
brisk walking speed. Rc: concordance correlation coe�cient. (e–h) Bland-Altman plots of the agreement
in step count between actual measured values and those measured by two activity trackers. (e) FAIT Tag
at the normal walking speed; (f) FAIT Tag at the brisk walking speed; (g) ActiGraph at the normal walking
speed; (h) ActiGraph at the brisk walking speed. Solid line represents the mean error score; dashed lines
represent the 95% con�dence interval of the mean difference (mean difference ± 1.96SD of difference).
Mean (i) and absolute (j) percentage error of FAIT Tag and ActiGraph-measured step count. Error bars
indicate standard error.
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