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The S Health application provides an estimate of the amount of physical activity by measuring the
number of steps during activities. The purpose was to assess the accuracy of step-counting with
different smartphones using the S Health step counting application at long and short walking distances,
and stair climbing.

26 participants (aged 28.85 = 4.85 years) conducted three tests: 20-step test, 60-step stair test, and
6-minute walk test. Three smartphone models of the latest generation and two models of an earlier one
were assessed. The StepWatch pedometer was used as a criterion.

Only one phone of the latest generation produced the most consistent and accurate results as compared
to the pedometer in the 60-step stair test and 6-minute walk test (r=0.840), while the correlation of the
other four smartphones was weak, from r=0.257 to r=0.482. Generally, the accuracy increased with
the increasing amount of steps in all devices and the mean absolute percentage error decreased. Errors
ranged between 5.8 and 56.9% for the 20-step test, 1.9-22.4% for the 60-step stair test, and 1.1-17.8%
for the 6-minute walk test.

The results suggest that accuracy of smart-phones increase with increased number of
steps and correspond to newer model.

measurement, agreement, walking, wearable technology, step-counting.
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INTRODUCTION

Physical inactivity and sedentary lifestyle have been associated with numerous health
conditions and their influence on people’s well-being and health indices. It is also responsible
for a substantial economic burden; therefore, the promotion of regular physical activity (PA)
is essential [1]. The guidelines for the amount of physical activity of the American College
of Sports Medicine recommend a minimum of 150 to 300 minutes of moderate-intensity
physical activity, or 75 to 150 minutes of vigorous activity weekly, for the maintenance
of the musculoskeletal and cardiovascular systems [2, 3]. To estimate the degree of
PA, counting daily steps is a readily accessible method to monitor and set PA goals.
Recent evidence supports an inverse dose-response relationship of daily steps with health
outcomes [4]. Since the use of smartphones is increasingly widespread among younger
as well as older populations, their use for PA self-monitoring is continuously increasing.
Subjective evaluation of PA levels [5] could thus be upgraded with the monitoring of PA
with smartphones.

However, it is not evident whether accuracy of the smart-phone technology is already
sufficient also for the purposes of research that requires precise collection of real-time PA
for longer periods of time [6] and in different occupational and environmental conditions.

Several mobile phone application techniques were identified that have the potential to
foster physical activity [7]. Their advantage is the complete hardware and software for
creating an independent PA tracking system [8]. If accurate enough, the applications
might be used also for research data collection when longer time periods are required. The
practical advantage of the smartphones is also that the data are collected and processed
simultaneously, which enables easier data collection as compared to the more specific
measurement systems like pedometers or accelerometers.

Several features influence the accuracy of the estimate of PA via counting steps with
smartphones and their applications. The most important being the walking speed or the
type of physical activity, and secondly the way the smartphone is being carried. Major and
Alford [9] reported very high consistency of step counts with an iPhone and a hand-held
counter and StepWatch pedometer during self-selected or fast walking speed. However, it
decreased when participants walked at low speed. The absolute percentage error of the
phone was 8%, 4%, and 21%, at self-selected, fast and slow walking speeds, respectively.
The effect of walking speed on the accuracy of counting steps with smartphones was also
studied using treadmills [10-14]. All findings showed that the accuracy of phones and step
counting devices decrease at fast and very slow walking speeds [10-14].

The way the phone is carried during self-selected walking speed does not affect the
results. They were comparable when the phone was carried in a backpack or a handbag
[15] or in the chest or pants pocket [16], indicating that the phone need not be carried in
a back trouser pocket, as previously suggested [15]; therefore, people can carry them in
whichever way they are accustomed to [8].

The accuracy of step counts by smartphones was reported in a series of research reports
in which Apple phones were assessed [10-12]. The results have shown that the iPhone
application for counting steps was inaccurate when compared to the results of a hand-
held counter and StepWatch pedometer. The correlations were weak and insignificant,
except for one model (iPhone 3G carried in the pocket at a pace of 107 m/min [11].
There are numerous other applications with pedometer characteristics (some of the
most popular applications in Google Play are Step Tracker - Pedometer Free & Calorie
Tracker, Pedometer-Step Counter & Daily Health Tracker, Pedometer - Step Counter Free
& Calorie Burner). Reports indicate that their measuring results are invalid and unreliable
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[13, 17]. There have been few published reports that included the S Health application.
Johnson et al. [14] described the influence of different ways of carrying a phone with an
Android operating system on the results of the number of steps and compared them to
the results obtained with a pedometer. The results were more accurate at a self-selected
walking speed than at the speed of 2.24 m/s, as tested on the treadmill. At the time of
the research, the phone was within a higher price range [14]. Recently Beltran-Carrillo
et al. [18] tested the validity of two Samsung smartphones with the S Health application
during walking and running and placed phones in three different locations (waist, arm,
hand). The results depend on the smartphone model, body location, and the type of gait.
Acceptable validity was found only when the phone was placed on the waist when walking
and when placed on the arm during the running trial [18].

For successful estimates of PA, several consecutive daily measurements are required.
Kocherginsky et al. [19] reported that reliable estimate of a persons’ PA is the average
of three to seven consecutive days for older adults when accelerometers are used. For
this reason, the smartphone is a very practical platform. However, everyday activities
also include short or very short bursts of activity such as office work, and they also
include travelling by bus, and driving a car. In an earlier study, Ebara et al. [20] assessed
different models of phones with the same Android operating system during office work,
travelling on a bus, and driving a car. The results were diverse and inaccurate, with weak
correlations between phones and the pedometer, ranging from r = 0.443 to 0.504. False-
positive results were also reported during non-walking activities [21].

Due to the technological progress and applications updates, the data collecting methods
are continually changing. Therefore, the purpose of the present report was to determine
the accuracy of the step counts using S Health application version 6.1.0.047 with five
smartphones, four Samsung phones, and one Huawei phone with reference to the criterion
measurements obtained with pedometers. Three different walking conditions were
assessed: self-selected walking speed at short and long walking distances and climbing
and descending stairs. This study upgrades the data obtained by two previous studies
[14,18] and differs in several features. First: five phone models were evaluated (Johnson
et al. [14] one phone and Beltran-Carrillo et al. [18] two phones). Second: a newer version
(6.1.0.047) of S Health application was used (Johnson et al. [14] used 2.0.0.009 version
and Beltran-Carrillo et al. [18] version 5.7.1.0003). Third: different functional walking
tasks were performed (short and long distances and stair climbing). Fourth: the number of
participants was larger (twenty-six) as compared to the previous report (Beltran-Carrillo
et al. [18] sixteen). We hypothesised that the updated S Health pedometer application is
accurate on different Samsung smartphones models in different walking tasks.

MATERIAL AND METHODS

PARTICIPANTS

A convenient sample of 26 adults participated in the research, 15 women and 11 men,
with the mean age of 28.9 + 4.9 years. Their average height was 167.5 = 5.6 cm; their
average weight was 64.5 = 11.7 kg. The average body mass index was 22.9 kg/m?+ 3.05
kg/m?. The inclusion criteria were young adults, capable of PA, with no walking aids, not
pregnant, without any musculoskeletal or cardiovascular problems, and not taking any
type of medication that could influence walking [9, 10]. The health status was assessed
with the Physical Activity Readiness Questionnaire (PAR-Q) [22], which is a specific and
sensitive measuring tool used for medical purposes [23]. In the case of just one positive
answer, that person was excluded [14].They were dressed in light, comfortable clothing
and footwear with no high heels that could influence the walking pattern. Prior to te-
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sting, the participants were familiarised with the purpose and procedures of the testing,
and they signed informed consent. The research was approved by the Slovenian National
Medical Ethics Committee (number: 0120-592/2018/5).

INSTRUMENTATION

For counting steps, we used a StepWatch™ (Cyma, Mountlake Terrace, WA, USA) pedo-
meter located on the right ankle as a criterion measure and a hand-held counter Voltcraft
(USA) as a validity test for StepWatch™. The validity of the StepWatch was determined
with a 20-step test and a 60-stair climbing tests with a hand-held counter. The results of
the 20-step test showed that the absolute percentage error of the pedometer in relation
to the hand-held counter was 2.1% and 2.3% for the 60-stair climbing test. A value below
five per cent meant an acceptable error [9, 13, 15].

We used five smartphones: at the time, the latest model Samsung Galaxy S9 (hereinafter
phone “A”), two relatively recent models: Samsung Galaxy A7 (2018 DUAL SIM) (phone
“B”), Samsung Galaxy J4+ (2018 DUAL SIM) (phone “C”), and two smartphones of a
somewhat older generation: Samsung Galaxy A5 (2016) (phone “D”) and Huawei P9
lite (2016) (phone “E”). The S Health application, version 6.1.0.047, was installed on all
smartphones. All further application updates were declined to keep the same version of
the application on all phones during the time of testing. The icon of the application was
installed on the home screen of the smartphone, as previously described by Johnson et
al. [14].

PROCEDURE

The pedometer was placed on an ankle, and its sensitivity was set up to normal [11]. The
S Health application was restarted for all the smartphones before the beginning of te-
sting, and all the settings in the devices were set to zero [15]. For every participant be-
fore each test all five phones were, in no particular order, placed into a sports belt bag
fixed at the hip-height and in the midline of the right thigh. They were placed with their
long axes horizontal and their short axes vertical. Recording of steps began one minute
after the belt bag was gently attached to the participant’s hip, and when StepWatch was
activated [9]. After the completion of each testing session, the phones were carefully ta-
ken out of the bag, and the step-counting was stopped, followed by data transfer from the
pedometer to the computer.

The participants completed all the tests on one occasion [9]. Before the beginning, they
performed a five-minute warm-up that included five repetitions of stretching exercises
for the eight main muscle groups of the lower limbs and body, and three minutes of slow
running on a running track. After a ten-minute rest, the bag with the phones and the
pedometer were attached, and the data-recording began. During testing, they walked
with a self-selected walking speed [9] with none of the artificial speed limitations that
are common in walking on the running track or when walking with the help of another
person [24]. Between tests, the participants had a two-minute rest.

ASSESSMENT PROTOCOL

The 20-step test and 60-stair climbing test were used to establish the validity of the
pedometer for the two different walking conditions. The recordings of the pedometer
were then used as a criterion for the calculation of accuracy of the smartphones data.
This procedure was previously validated by Orr et al. [13]. An error exceeding five per
cent (one step) was regarded as unacceptable [13].
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The 60-stair climbing test included 120 steps (60 going up and 60 going down) without
skipping stairs or stepping on one stair with both feet at the same time, as previously
described by Orr et al. [13]. The researcher counted them simultaneously with a hand-
held counter. An error exceeding five per cent (six steps) was regarded as unacceptable.

The 6-minute walk test is designed to measures the distance the individual can make in
six minutes and is mostly used in rehabilitation for the assessment of mobility-impaired
patients [25]. The test is valid, reliable, and can be used to track changes after treatment
[26]. However, we used it as a time frame for measuring the number of steps with the
described devices. The test was executed on a 400 m running track. For all three tests,
the number of steps was measured and recorded.

STATISTICAL ANALYSIS

For statistical analyses, SPSS 26.0 (Statistical Package for the Social Sciences, Inc., Chi-
cago, Illinois, USA) was used. A series of analytic methods for accuracy and agreement
were used [27]. A Shapiro-Wilk test was used to determine the normality of data distribu-
tion, while Spearman’s rank correlation coefficient was used to calculate the correlation [J
between the results. To establish accuracy, a Mean Absolute Percentage Error (MAPE)
was calculated; to determine the direction of error, Mean Percentage Error (MPE) was
calculated. To assess the agreement, a one-sample Wilcoxon Signed Rank Test followed
by the graphical presentation of the results with the Bland-Altman plots was used [28].
For easier comparison between the pedometer stride counts and phones step counts, the
results recorded with a pedometer were multiplied by two. The limit of the alpha error
was set to p = 0.05.

RESULTS

The Shapiro-Wilk calculations showed that the distribution of data was not normal; the-
refore, we used Spearman’s rank correlation coefficient for further analysis.

20-STEP TEST

The number of steps during the 20-step test were also recorded by the five smart-phones.
The detailed results are presented in Table 1. The most accurate value was recorded by
phone A, with MAPE 5.79%. The MPE indicated that all devices underestimated the number
of steps (Table 1). At the 20-step test, some smartphones even recorded a zero value. On
average, 26.2% of the recordings were zero. The exception was Phone A, which did not
once record a zero value in all 26 trials.

Table 1. The descriptive statistics for the results of the 20-step test for the pedometer and five smartphones,
together with the mean absolute percentage error and mean percentage error

Instrument Average(g%.)of steps Min-max MAPE (%) MPE (%)
p* 19.6 (0.8) 18-20 / /
A 18.5 (0.9) 15-20 5.8 5.4
B 12.3 (8.7) 0-22 39.6 37.1
C 11.6 (9.2) 0-25 32.1 30.8
D 13.5(7.8) 0-21 44.5 40.6
E 9(9.4) 0-25 56.9 54.2

IP* = StepWatch pedometer multiplied by 2, A = Samsung Galaxy S9, B = Samsung Galaxy A7, C = Samsung Galaxy J4+, D = Samsung Ga-
laxy A5, E = Huawei P9 lite, MAPE = mean absolute percentage error, MPE = mean percentage error.

www.balticsportscience.com 97



Sinkovec M, Rugelj D.
Accuracy of five smartphones pedometers
Balt ] Health Phys Act. 2020;12(4):93-104

60-STAIR CLIMBING TEST

The descriptive statistics of the 60-stair climbing test for all five smartphones are given
in Table 2. The table includes the average values, and the minimum and the maximum
number of steps, recorded with the smartphones. The accuracy of the results obtained
with the phones as compared with the results of a pedometer showed that only Phone A
exhibited the mean absolute percentage error of less than five per cent (MAPE = 1.9%).
The MPE indicated that, except Phone A, all other devices underestimated the number of
steps (Table 2). A zero value was recorded during the stair-climbing test in 3.8% of the
cases, twice by Phone D and three times by Phone E, both of the earlier (2016) generation.

Table 2: The descriptive statistics for the results of the stair climbing test for a hand-held counter, a pedometer
and five smartphones together with the mean absolute percentage error and mean percentage error

Instrument Average(gg.)of steps Min-max MAPE (%) MPE (%)
p* 141.4 (4.7) 132-154 / /
A 140.4 (7.2) 132-167 1.9 0.8
B 127.5 (12.5) 110-160 11.1 9.9
C 126.4 (12.3) 108-149 21.1 18.9
D 115.1 (37.9) 0-168 11.3 10.6
E 111.2 (42.8) 0-156 22.4 215

P* = StepWatch pedometer multiplied by 2, A = Samsung Galaxy S9, B = Samsung Galaxy A7, C = Samsung Galaxy J4+, D = Samsung Ga-
laxy A5, E = Huawei P9 lite, MAPE = mean average absolute percentage error, MPE = mean percentage error.

The mean differences between smartphones and the pedometer during the stair climbing
test ranged from 1.1 (Phone A) to 30.2 steps (Phone E). The differences as assessed by
Wilcoxon Signed Rank Test were significant (p < 0.001).

6-MINUTE WALK TEST

The descriptive statistics of the 6-minute walk test results are presented in Table 3. It includes
the average values of the recorded steps and their minimum and the maximum values, as
recorded with the smartphones and pedometer. The correlation coefficients between the
pedometer and the smartphones varied from the minimum of 0.418 to the maximum of
0.980. The accuracy of results gathered by the phones, compared with the results of the
pedometer as expressed with the MAPE, showed that Phone A was the most accurate one,
with the error being 1.1%. The MPE indicated that three devices slightly overestimated the
number of steps and one device underestimated the number of steps (Table 3). The value
zero was never recorded during the 6-minute walk test by any of the phones.

Table 3: The descriptive statistics of the 6-minute walking test results for a pedometer and all five smartphones,
along with their correlation with the values of the pedometer and the mean absolute percentage error and mean
percentage error

Instrument Average(gg.)of steps Min-max Spearman’s r p MAPE (%) MPE (%)
px 567.9 (55.7) 422-652 / / / /
A 566.1 (55.7) 415-649 0.980 0.001* 1.1 0.3
B 571.5(82.8) 310-704 0.448 0.022* 8.5 -15
C 583.5 (68.9) 439-738 0.482 0.013* 7.6 -4.3
D 587.1(67.6) 436-750 0.469 0.016* 7.6 -3.6
E 499.4 (141.0) 180-698 0.418 0.013* 17.8 11.5

P* = StepWatch pedometer multiplied by 2, A = Samsung Galaxy S9, B = Samsung Galaxy A7, C = Samsung Galaxy J4+, D = Samsung Galaxy
A5, E = Huawei P9 lite, MAPE = mean absolute percentage error, MPE = mean percentage error, *statistically significant values p = 0.05.
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The mean differences between smartphones and pedometer during 6-minutes walk test
ranged from 1.8 of phone A to 68.4 steps for phone E. Also the 95% limits of agreement
largely varied between the smartphones and were between 19.1 and -15.6 steps for phone

A and 345.1 and -208.3 steps for phone E (Figure 1).
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Fig. 1. Bland-Altman plots of step counts during 6-minute walk test comparing five smartphones and the pedometer
as criterion (gold standard). The lines represent the mean difference and its 95% limits of agreement
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DISCUSSION

The purpose of this study was to compare the results of five smartphones with the installed
S Health application to the results recorded with a StepWatch pedometer during short
and long-distance walking and climbing and descending stairs. This is the first study
comparing the step-counting results using the updated S Health application in five different
smartphones. The S Health application was pre-installed on three recent Samsung models,
whereas it had to be installed manually in the two phones of the 2016 generation (one
Samsung and one Huawei). The results showed that Smartphone A was the most accurate,
with excellent correlation to the pedometer, the lowest MAPE and the narrowest limits of
agreement, while correlations of other phones were weak in all three testing conditions,
and the MAPE was higher than 5%. The error rate of Phone A was close to acceptable 5%
[13] even at a short distance, while all the other phones exhibited errors exceeding this
value in all three test conditions.

In our study, manual step counting was used to determine the criterion validity of step
watch for walking on level ground and on stairs. The measurement error was 1.9% and
2.28%, respectively and was well below the acceptable predetermined 5% error [13]. Our
results are in agreement with previous validity reports. Leong and Wong [17] determined
the accuracy of the Yamax Digiwalker CW-700 (Yamasa Tokei Keik Co., Ltd Japan, Tokyo)
pedometer to be 2.2% as compared to manual counting of steps during five different
walking speeds on a treadmill. In contrast, Orr et al. [13] reported an even lower error
(0.7%) in comparison to manual step-counting.

The 20-step test was, in addition to validation of the StepWatch pedometer, also used to
evaluate the accuracy of smartphone pedometers at very short distances. In free living
conditions, this is similar to walking indoors from room to room, for which the regularity
of steps could be lesser. In the 20-step test, the most accurate smartphone was device A
with 5.8% of MAPE. The results support the previously obtained results by Orr et al. [13]
which reported errors (MAPE) higher than five per cent for all step-counting applications
in comparison to manual step-counting during the 20-step test. During the 20-step test,
some devices even recorded zero step counts; these were recorded 34 times (i.e., in 26.2%
of all measurements). The exception was Phone A, which did not display a zero value in
any of the 26 measurements. Orr et al. [13] also reported measurements in which the
devices did not detect any steps, although the settings and data acquisition methods never
changed. This could decrease the accuracy of the free-living measurements when the
number of steps is recorded throughout the day, as daily life mainly consists of numerous
outbursts of short activities either at home or in the office.

In contrast to the 20-step test, during the 6-minute walk test, a zero-step value was not
recorded. The results indicate that, for most smartphones, a higher number of steps
is needed for the application to start counting. Generally, our results showed that the
accuracy of smartphones increase with the increasing number of steps and thus with longer
measuring times. In the 6-minute walk test, all of the assessed smartphones displayed
significant correlations to the pedometer (r = 0.981-0.418), and their errors decreased
as well as the limits of agreement. Of the five assessed phones, Phone A had the highest
correlation to the pedometer counts (r = 0.981), the smallest error (MAPE 1.9%), and
the narrowest limits of agreement. All other phones showed higher errors ranging from
8.5 to 17.8%. As stated earlier, Orr et al. [13] accepted the five per cent error as a cut-off
value in their research although some researchers reported the acceptable level of error
up to ten per cent [29, 30]. A low acceptable error is especially important when recording
in free-living conditions, and it relates to the 2018 guidelines for PA of American College
of Sports Medicine [2, 3] that states that every minute of physical activity counts [31].
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Therefore, sufficiently high accuracy of the recording devices is required to be able to
monitor short bursts of activity, since in real life measurements the situations occur in
which a person is engaged in numerous short walking distances (walking indoors, going
from room to room). These results may assist in decision making for future free-living
designed monitoring of daily steps in which a cumulative result may be a sum of several
short and very short bursts of activity. This could be especially the case in frail elderly
persons or persons with chronic neurological conditions.

In addition to level walking, real-life situations also require stair climbing. The results of our
study indicate a systematically low accuracy with large errors for all tested smartphones.
Furthermore, during the stair-climbing test, zero values were recorded five times, twice
with Phone D and three times with Phone E, which were both the phones of the 2016
generation. Phone A was the only one in which the error of the 60-stair climbing test was
very low (MAPE = 1.9 %). There are few research reports assessing smartphone accuracy
during stair climbing. Previous reports consistently showed increased error, specifically
decreased accuracy of pedometers [13] as well as smartphone pedometers [13, 16].

Phone A was also the only phone in which the error of the 6-minute walk test was smaller
than five per cent (MAPE = 1.1%) and had the smallest error in the 20-step test (MAPE =
5.8%). Leong and Wong [17] calculated the measurement errors to range between 16%
and 18% for phone applications, in comparison to the measurements of a pedometer.
That is in agreement with the present results for the remaining four (B-E) smartphones
assessed in our study.

Accuracy can be evaluated with different statistical methods that provide complementary
information [27]. In our study, four methods were used (Spearman’s rank correlation
coefficient, MAPE, MPE and Bland-Altman plots). The results of all three statistical

methods consistently showed that Phone A (Samsung Galaxy S9) was the most reliable
smartphone assessed, followed by B (Samsung Galaxy A7), C (Samsung Galaxy J4+), D
(Samsung Galaxy A5), and E (Huawei P9 lite). According to our data, the accuracy of the
S Health pedometer application together with the smartphone differed depending on the
date of release of the model; the price range as well might influence the accuracy of the
obtained measurements. Phone A (higher price range) exhibited significantly smaller errors
in all tests and had a higher correlation to the pedometer as compared to the phones of a
lower price range, while the results of Phone C (lower price range) were quite comparable
with Phone B (middle price range).

The other studies that assessed the reliability and validity of the S Health pedometer
application differ in various features. The first research that studied the validity of the
step counting application S Health was carried out using a treadmill [14]. Their results
showed that the application was the most accurate during self-selected walking speeds,
and the position of carrying the phones did not affect the results. More recent research
[18] reported that the validity of the results depends on the position of the smartphone.
During running, higher validity was obtained when the phones were placed on the arm
or in the hand and during walking when the smartphone was placed on the waist. Our
study additionally revealed that the application obtained different results when coupled
with different devices. The MPE results indicated that during short distances, the results
of smartphone step counting was consistently underestimated, while during longer walks
only one phone (E) underestimated the number of steps. We can conclude that phones
A-D are suitable for monitoring longer distances. While monitoring during free-living
conditions during which persons are engaged in indoors activities for the majority of the
time, only Phone A had a clinically acceptable percentage error. For research purposes,
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the agreement to the gold standard, either pedometers or video, the errors of applications
and devices should decrease, and further evaluations of newer devices are warranted.

The estimation of PA by means of pedometers could be clinically used for screening,
tracking, and clinical decision making. However, persons with chronic conditions are
likely to have situations with several short bursts of walking in real life. Therefore, the
accuracy of pedometer application during short walks needs to be increased in order to
be able to monitor whole day PA with smartphones in free-living conditions.

The differences between the results of the phones and a pedometer could be attributed
to the phone sensors (type, model, or producer of the accelerometer sensor) that are
different in different phone types and years of manufacture [17]. The second reason for
the differences in the test results can be the consequence of different sensitivities for
detecting steps, which is related to the detection of a vertical movement created while
stepping [17]. The third reason could be in software settings of the accelerometer sensor
and the settings of the operating system. It could also be assumed that the applications
for counting steps are backed by different algorithms and hardware [32]. Regardless of
the reason, the settings of the devices are mostly unaccusable by the user or researcher.
Therefore, the accuracy of the devices need to be individually established against a gold
standard before research use. Present results offer accuracy results for three recent and
two older smartphones.

The limitations of our study are the relatively small number of involved participants, their
narrow age group, and the limitation to only healthy adults. Additionally, in our study, the
position of the phone during data acquisition was also different from the most common
one. Carrying a phone in a belt bag probably does not represent the most common position
of the phone that people most commonly use [13]. Therefore, to test the accuracy of
measurements with smartphones and their applications should, in future, also include
the other ways of carrying the phone. The accuracy of smartphones as a step-counting
device needs to be tested across a range of everyday activities, with the inclusion of
elderly persons with chronic conditions for whom slow walking with short distances could
be expected, as well as for monitoring the intensity, volume, and progression of balance-
specific exercises [33]. Additionally, it is of great importance to test different age groups,
especially elderly ones, for whom PA monitoring in daily life can contribute to healthier
lifestyles.

CONCLUSIONS

Samsung smartphones, with their step-counting application S Health, had different levels
of accuracy of counting steps during self-selected walking speed and stair-climbing. Only
the phone of the latest generation performed with acceptable accuracy in all three tested
conditions. The accuracy compared to the pedometer increased as the number of steps or
the duration of measurement increased for all phones. Accuracy was lower for all smart-
phones in stair climbing compared to level walking.

ACKNOWLEDGEMENT

The authors acknowledge the financial support from the Slovenian Research Agency
(research core funding No. P3-0388). The authors wish to thank the Janus Trade, which
allowed us to use the five new smartphones of different generations and different price
ranges.

www.balticsportscience.com 102



Baltic Journal of Health and Physical Activity 2020; 12 (4): 93-104
Journal of Gdansk University of Physical Education and Sport
e-ISSN 2080-9999

REFERENCES

[1] Ding D, Lawson KD, Kolbe-Alexander TL. The economic burden of physical inactivity: a global analysis of major
non-communicable diseases. Lancet. 2016;388(10051):1311-24. https://doi.org/10.1016/S0140-6736(16)30383-X

[2] Piercy KL, Troiano RP, Ballard RM, et al. The physical activity guidelines for Americans. JAMA. 2018;320(19):2020-
2028. https://doi.org/10.1001/ JAMA 2018.14854

[3] Stamatakis E, Straker L, Hamer M, et al. The 2018 physical activity guidelines for Americans: What's new? Implications
for clinicians and the public. J Orthop Sport Phys Ther. 2019;49(7):487-490. https://doi.org/10.2519/jospt.2019.0609

[4] Kraus WE, Janz KF, Powell KE, et al. Daily step counts for measuring physical activity exposure and its relation to
health. Med Sci Sport Exe. 2019;51(6):1206-1212. https://doi.org/10.1249/MSS.0000000000001932

[5] Omelan A, Podstawski R, Wziatek B, Merino-Marban R, Romero-Ramos O. Physical activity levels of rural and
urban seniors in the region of Warmia and Mazury in Poland. Balt J] Health Phys Activ. 2017;9(4)74-88. https://doi.
org/10.29359/BJHPA.09.4.07.

[6] King A, Powel K, Kraus W. The US physical activity guidelines advisory committee report. Med Sci Sport Exe.
2019;51(6):1203-1205. https://doi.org/10.1249/MSS.0000000000001946

[7]1 Hosseinpour M, Terlutter R. Your personal motivator is with you: a systematic review of mobile phone applications
aiming at increasing physical activity. Sports Med. 2019;49(9):1425-1447. https://doi.org/10.1007/s40279-019-01128-3

[8] Antos SA, Albert MV, Kording KP. Hand, belt, pocket or bag: Practical activity tracking with mobile phones. J Neurosci
Methods. 2014;231(1):22-30. https://doi.org/10.1016/j.jneumeth.2013.09.015

[9] Major M], Alford M. Validity of the iPhone M7 motion co-processor as a pedometer for able-bodied ambulation.
J Sports Med. 2016;34(23):2160-2164. https://doi.org/10.1080/02640414.2016.1189086

[10] Manohar CU, McCrady SK, Fujiki Y, Pavlidis IT, Levine JA. Evaluation of the accuracy of a triaxial accelerometer
embedded into a cell phone platform for measuring physical activity. ] Obes Weight Loss Ther. 2011;1(106):1-13.
https://doi.org/10.4172/2165-7904.1000106

[11] Bergman RJ, Spellman JW, Hall ME, Bergman SM. Is there a valid app for that? Validity of a free pedometer iPhone
application. J Phys Act Health. 2012;9(5):670-6. https://doi.org/10.1123/jpah.9.5.670

[12] Nolan M, Mitchell JR, Doyle-Baker PK. Validity of the Apple iPhone® /iPod Touch® as an accelerometer-based
physical activity monitor: a proof-of-concept study. ] Phys Act Health. 2014;11(4):759-769. https://doi.org/10.1123/
jpah.2011-0336

[13] Orr K, Howe KS, Omran J et al. Validity of smartphone pedometer applications. BMC Res Notes. 2015;8(733):1-9.
https://doi.org/10.1186/s13104-015-1705-8

[14] Johnson M, Turek J, Dornfeld C, Drews J, Hansen N. Validity of the Samsung phone S Health application for assessing steps
and energy expenditure during walking and running: Does phone placement matter? Digital Health. 2016;2(1):1-8. https://
doi.org/10.1177/2055207616652747

[15] Hochsmann C, Knaier R, Eymann J, Hintermann J, Infanger D, Schmidt-Trucksass A. Validity of activity trackers,
smartphones, and phone applications to measure steps in various walking conditions. Scand J Med Sci Sports.
2018,28(7):1818-1827. https://doi.org/10.1111/sms.13074

[16] Akerberg A, Soderlund A, Linden M. Investigation of the validity and reliability of a smartphone pedometer application.
Eur J Physiother. 2016;18(3):185-193. https://doi.org/10.3109/21679169.2016.1174297

[17] Leong JY, Wong JE. Accuracy of three Android-based pedometer applications in laboratory and free-living settings.
Jour Sports Med. 2017;35(1):14-21. https://doi.org/10.1080/02640414.2016.1154592

[18] Beltran-Carrillo V], Jimenez-Loaisa A, Alarcon-Lopez M, Elvira JLL. Validity of the "Samsung Health" application to
measure steps: A study with two different Samsung smartphones. J Sports Sci. 2019;37(7):788-794. https://doi.org
/10.1080/02640414.2018.1527199

[19] Kocherginsky M, Huisingh-Scheetz M, Dale W, Lauderdale DS, Waite L. Measuring physical activity with hip
accelerometry among US older adults: How many days are enough? PlosOne. 2017;12(1): e0170082. https://doi.
org/10.1371/journal.pone.0170082

[20] Ebara T, Azuma R, Shoji N, et al. Reliability of smartphone-based gait measurements for quantification of physical
activity/inactivity levels. J Occup Health. 2017;59(6):506-512. https://doi.org/10.1539/joh.17-0101-0OA

[21] O Connell S, Olaighin G, Quinlan LR. When a step is not a step! Specificity analysis of five physical activity monitor.
PlosOne. 2017;12(1):1-14. https://doi.org/10.1371/journal.pone.0169616

[22] Thomas S, Reading J, Shephard R]. Revision of the physical activity readiness questionnaire (PAR-Q). Canadian J
Sport Sci. 1992;17(4):338-345.

[23] Shephard RJ. PAR-Q, Canadian home fitness test and exercise screening alternatives. Sports Med. 1988;5(3):185-95.
https://doi.org/10.2165/00007256-198805030-00005

[24] Juen ], Cheng Q, Schatz B. A natural walking monitor for pulmonary patients using mobile phones. ] Biomed Health
Inform. 2015;19(4):1399-1405. https://doi.org/10.1109/JBHI.2015.2427511

[25] Capela NA, Lemaire ED, Baddour N. Novel algorithm for a smartphone-based 6-minute walk test application:
algorithm, application development, and evaluation. ] Neuroeng Rehabil. 2015;12(19):1-13. https://doi.org/10.1186/
s12984-015-0013-9

[26] Hamilton DM, Haennel RG. Validity and reliability of the 6-minute walk test in a cardiac rehabilitation population.
J Cardiopulm Rehabil. 2000;20(3):156-64. https://doi.org/10.1097/00008483-200005000-00003

[27] Welk G], Bai Y, Lee JM, Godino ], Saint-Maurice PF, Carr L. Standardizing analytic methods and reporting in
activity monitor validation studies. Med Sci Sports Exercise. 2019;51(8):1767-1780. https://doi.org/10.1249/
MSS.0000000000001966

[28] Bland JM, Altman DG. Applying the right statistics: analyses of measurement studies. Ultrasound In Obstetrics &
Gynecology 2003;22(1):85-93. https://doi.org/10.1002/uo0g.122

www.balticsportscience.com 103


https://doi.org/10.1016/S0140-6736(16)30383-X
https://doi.org/10.1001/ JAMA 2018.14854
https://doi.org/10.2519/jospt.2019.0609
https://doi.org/10.1249/MSS.0000000000001932
https://doi.org/10.29359/BJHPA.09.4.07.
https://doi.org/10.29359/BJHPA.09.4.07.
https://doi.org/10.1249/MSS.0000000000001946
https://doi.org/10.1007/s40279-019-01128-3 
https://doi.org/10.1016/j.jneumeth.2013.09.015
https://doi.org/10.1080/02640414.2016.1189086
https://doi.org/10.4172/2165-7904.1000106
https://doi.org/10.1123/jpah.9.5.670
https://doi.org/10.1123/jpah.2011-0336 
https://doi.org/10.1123/jpah.2011-0336 
https://doi.org/10.1186/s13104-015-1705-8
 https://doi.org/10.1177/2055207616652747
 https://doi.org/10.1177/2055207616652747
https://doi.org/10.1111/sms.13074
https://doi.org/10.3109/21679169.2016.1174297
https://doi.org/10.1080/02640414.2016.1154592
https://doi.org/10.1080/02640414.2018.1527199 
https://doi.org/10.1080/02640414.2018.1527199 
https://doi.org/10.1371/journal.pone.0170082
https://doi.org/10.1371/journal.pone.0170082
https://doi.org/10.1539/joh.17-0101-OA
https://doi.org/10.1371/journal.pone.0169616
https://doi.org/10.2165/00007256-198805030-00005
https://doi.org/10.1109/JBHI.2015.2427511
https://doi.org/10.1186/s12984-015-0013-9 
https://doi.org/10.1186/s12984-015-0013-9 
https://doi.org/10.1097/00008483-200005000-00003
https://doi.org/10.1249/MSS.0000000000001966 
https://doi.org/10.1249/MSS.0000000000001966 
https://doi.org/10.1002/uog.122

Sinkovec M, Rugelj D.
Accuracy of five smartphones pedometers
Balt ] Health Phys Act. 2020;12(4):93-104

[29] Schneider PL, Crouter S, Bassett DR. Pedometer measures of free-living physical activity: comparison of 13 models.
Med Sci Sport Exerc. 2004;36(2):331-5. https://doi.org/10.1249/01.MSS.0000113486.60548.E9

[30] Tudor-Locke C, Sisson SB, Collova T, Lee SM, Swan PD. Pedometer-determined step count guidelines for classifying
walking intensity in a young ostensibly healthy population. Can J Appl Physiol. 2006;30(6):666-676. https://doi.
org/10.1139/h05-147

[31] Zenko Z, Willis EA, White DA. Proportion of adults meeting the 2018 physical activity guidelines for Americans
according to accelerometers. Front. Public Health. 2019;7(135). https://doi.org/10.3389/fpubh.2019.00135

[32] Zhao N. Full-featured pedometer design realized with 3-axis digital accelerometer. Analog Dialogue. 2010;44 (6):1-5.

[33] Rugelj D, Vauhnik R. Is the use of pedometers feasible for identifying the volume and intensity of a balance specific
exercise programme for older adults. Balt ] Health Phys Act. 2018;10(4):81-88. https://doi.org/10.29359/BJHPA.10.4.07

Cite this article as:

Sinkovec M, Rugelj D.

Accuracy of the “S Health” pedometer application during walking and stair climbing
Balt ) Health Phys Act. 2020;12(4):93-104
doi: 10.29359/BJHPA.12.4.09

www.balticsportscience.com 104


https://doi.org/10.1249/01.MSS.0000113486.60548.E9
https://doi.org/10.1139/h05-147 
https://doi.org/10.1139/h05-147 
https://doi.org/10.3389/fpubh.2019.00135
https://doi.org/10.29359/BJHPA.10.4.07

