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Abstract

Background: Modern activity trackers, including the Fitbit Zip, enable the measurement of both the step count as
well as physical activity (PA) intensities. However, there is a need for field-based validation studies in a variety of
populations before using trackers for research. Therefore, the purpose of the current study was to investigate the
validity of Fitbit Zip step count, moderate to vigorous physical activity (MVPA) and sedentary minutes, in different
school segments in 3rd grade students.

Methods: Third grade students (N =147, aged 9-10 years) wore a Fitbit Zip and an ActiGraph GT3x-BT accelerometer
simultaneously on a belt for five days during school hours. The number of steps, minutes of MVPA and sedentary time
during class time, physical education lessons and recess were extracted from both devices using time filters, based on
the information from school time tables obtained from class teachers. The validity of the Fitbit Zip in different school
segments was assessed using Bland-Altman analysis and Spearman'’s correlation.

Results: There was a strong correlation in the number of steps in all in-school segments between the two
devices (r=0.85-0.96, P < 0.001). The Fitbit Zip overestimated the number of steps in all segments, with the
greatest overestimation being present in physical education lessons (345 steps). As for PA intensities, the agreement
between the two devices in physical education and recess was moderate for MVPA minutes (r=0.56 and r=0.72,
P <0.001, respectively) and strong for sedentary time (r=0.85 and r=0.87, P < 0.001, respectively). During class
time, the correlation was weak for MVPA minutes (r=0.24, P < 0.001) and moderate for sedentary time (r=0.57, P < 0.001).
For total in-school time, the correlation between the two devices was strong for steps (r=0.98, P < 0.001), MVPA (r=0.80,
P <0.001) and sedentary time (r=0.94, P <0.001).

Conclusion: In general, the Fitbit Zip can be considered a relatively accurate device for measuring the number of steps,
MVPA and sedentary time in students in a school-setting. However, in segments where sedentary time dominates
(e.g. academic classes), a research-grade accelerometer should be preferred.
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Background

Despite the abundance of evidence showing the positive
influence of physical activity (PA) on physical, social and
mental health [1, 2], the physical activity levels of children
remain low [3, 4]. In order to assess adherence to PA
guidelines and provide accurate measures concerning the
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amount of PA, valid, reliable and feasible measurement in-
struments are needed.

In general, pedometers are accepted as a valid tool for
objectively measuring the PA of children [5]. Therefore,
they are widely used in measuring both overall PA as well
as PA in different settings [6-9]. Due to their relatively
low cost, attractiveness, and ease of use, consumer-grade
pedometers are an appealing alternative to research-grade
accelerometers. One shortcoming of many pedometers is
their limited ability to count only the number of steps but
not the intensity of the exercise. Therefore, it is difficult to
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assess compliance with PA guidelines, which are based on
the intensity and duration of PA, recommending a mini-
mum of 60 min of moderate to vigorous physical activity
(MVPA) every day [10]. There have been attempts to find
step counts that correspond to the recommended 60 min
of MVPA. As a result, a desired number of daily steps has
been proposed to range from 10,000 to 15,000 steps/day
[11, 12]. As students spend a lot of time at school, it has
been advised that half of the 60 min daily recommenda-
tion should be acquired in school [13]. It has been indi-
cated that 5300 steps for girls and 5800 steps for boys can
determine whether the students have achieved the recom-
mended 30 min of MVPA in school [14].

More recently, consumer-grade monitors that measure
the intensity of PA in addition to simple step count are
rapidly appearing. Therefore, they have the potential to
be used in studies evaluating students’ adherence with
PA recommendations as well as the amount of MVPA
minutes acquired in different school day segments (i.e.
class time, recess, physical education lesson). One such
consumer monitor, frequently used in a research setting,
is the Fitbit Zip, as it has shown to be valid in terms of
step count both in laboratory [15, 16] and free-living
conditions in adults [15-18]. As for PA intensities, a
study with adults has indicated a strong correlation in
MVPA minutes between the Fitbit Zip and the ActiGraph
[17]. It is also important that subjects rate the Fitbit Zip
acceptable to use and easy to integrate into their daily rou-
tine [18], therefore increasing the feasibility of their use in
larger studies. Still, the need for more field-based studies
in a variety of populations has been stressed in a recent re-
view [16]. Moreover, there is little published data on valid-
ation studies conducted among children and youth. To
the best of our knowledge there is only one study validat-
ing the step count of the Fitbit Zip among free-living ado-
lescents, and thus confirming the previous studies with
adult population and showing the Fitbit Zip to be a valid
tool for measuring step count [19]. The reliability and val-
idity of Fitbit Zip trackers has also been confirmed in pre-
school (3—4 year-olds) children in a childcare setting [20].
Still, there is a lack of research validating Fitbit Zip steps
counts or PA intensities in school children. Therefore, be-
fore using this device in research, the validation of Fitbit
Zip estimates in comparison with accelerometer estimates
is needed.

Therefore, the main aim of the current study was to
investigate the validity of Fitbit Zip step count, MVPA
and sedentary minutes in different school segments in
children.

Methods

Study design

A cross-sectional study was conducted to assess the val-
idity of Fitbit Zip in measuring step count, MVPA and
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sedentary time in school setting, compared to a previ-
ously validated research-level accelerometer.

Devices

The Fitbit Zip (Fitbit Inc., USA) is a small, light (8 g)
and relatively inexpensive belt-worn activity monitor
(Table 1). Data from the device can be transferred to a
computer via Bluetooth and its replaceable battery runs
for up to 6 months, making it a convenient device for
measuring physical activity for both users and researchers.
The Fitbit Zip has been previously shown to be a valid in-
strument for counting steps in free-living setting in adult,
adolescent, and preschool populations [15-20].

The ActiGraph GT3x-BT (ActiGraph LLC, Pensacola,
FL, USA) is a research grade tri-axial accelerometer that
can be attached on the belt with a rubber band. The de-
vice is rechargeable, and the initialization and data
download to computer is performed via USB. We used
the ActiGraph GT3x-BT accelerometer to validate the
output of the Fitbit Zip as ActiGraph GT3x-BT has been
shown to be a valid device for measuring the physical ac-
tivity of children [21] and it has been previously widely
used in physical activity research with children [22-24].

Participants

The sample consisted of third grade students (aged 9—
10 years) from seven Estonian schools participating in a
pilot project that aimed at increasing the physical activ-
ity of students in the school setting. The pilot schools
were situated in different parts of Estonia and varied ac-
cording to their ownership (private vs municipality
schools), location (city vs countryside), and size (from
175 to 789 students).

Procedure

The study was performed in accordance with the Declar-
ation of Helsinki and approved by the Research Ethics
Committee of the University of Tartu (nr 255/M-11).
Written informed consent was received from all schools,
parents and students willing to participate (N =219)
resulting in a participation rate of 92%. From all con-
sented students a subsample (N =147) was formed for
measuring physical activity with the Fitbit Zip and Acti-
Graph simultaneously.

The accelerometer and Fitbit Zip were attached on the
hip with the same elastic belt and worn on the same side.
The accelerometer was set to record physical activity data
in 15 s intervals. Students wore the devices for one school
week in September and another school week in November
2016. The devices were worn only during school hours —
they were distributed to the students before the beginning
of first lesson and collected after the last lesson by class
teachers. The devices were stored in a plastic bag with a
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Table 1 Description of Fitbi Zip and ActiGraph GT3x-BT
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Fitbit Zip

ActiGraph GT3x

Internal sensor 3 axis accelerometer

Output Number of steps

Minutes of fairly active, very active, light, sedentary

Communication Bluetooth

Memory size 7 days of detailed motion data
Battery Replaceable

Battery life Up to 6 months

Size 28x10x36cm

Weight 849

Attachment site Hip

Display screen Yes

Cost Approx. 60 EUR

3 axis accelerometer + ambient light sensor

Number of steps
Minutes of vigorous, moderate, light, sedentary

USB, Bluetooth

4GB

Rechargeable

25 days
46x33x15cm
199

Hip, wrist, ankle, thigh
No

Approx. 250 EUR

special sticker on it to enable the students to recognize
their devices easily every day.

School timetables and information concerning school
attendance were obtained from class teachers in order to
match the PA to the classes of specific school subjects.

Statistical analysis

Physical activity data from accelerometers were down-
loaded and processed using ActiLife software version
6.11.2 (ActiGraph LLC, Pensacola, FL, USA). To calcu-
late minutes spent in sedentary (<100 counts per mi-
nute), light (101-2295 counts per minute) and MVPA
(2296 counts per minute), Evenson cut-points were
used [25], as they have shown the best classification ac-
curacy in children [25]. Zero counts for a consecutive
60 min were classified as non-wear time.

Data from Fitbit Zip devices were first automatically
synced to a Fitbit server and then downloaded to the
SQL-based Qure Data Management Platform via the Fit-
bit application programming interface (API). As Fitbit
data was collected in 1 min intervals, a Python script
was used to aggregate the data to longer intervals having
the length of one lesson or recess. “Fairly active” and
“very active” intensities from Fitbit were considered as
moderate and vigorous activity respectively.

The number of steps, minutes of MVPA and sedentary
time during lessons and recess were extracted using time
filters, based on the information from school time tables.
As a result of data preparation, the data set contained
the following information: subject ID, gender, school ID,
class ID, date, day of the week, type of interval (class time,
physical education lesson, recess), length of interval in mi-
nutes, step counts, sedentary and active (light, moderate
and vigorous) minutes for Fitbit and ActiGraph devices.
Data was also checked for outliers. In total, there were
8923 rows of data. First, 923 rows (10.3%) were removed
from data due to Fitbit time inaccuracies (shifts in Fitbit

device clocks due to unknown reasons so that we were
unable to compare the data to ActiGraph within the same
lessons). In addition, 515 data rows (5.8%) were removed
because their step count by Fitbit was zero. For all of those
515 data rows, the Fitbit step count was zero for whole
day, indicating a faulty measurement. Finally, after careful
examination of the raw data and in order to remove ex-
treme outliers, we left out 32 rows (0.4%) from the data,
where the difference between the steps by Fitbit and Acti-
Graph differed more than 10 times. As a result, the
cleaned dataset contained 7453 observations — 3850 for
class time, 309 for physical education lessons and 3294 for
recess — of 144 students.

Descriptive statistics were used to characterize the
sample and physical activity during class time, physical
education lessons and recess. The data was checked for
normality using the Shapiro-Wilks test. To assess the
potential systematic difference between two devices the
Wilcoxon Signed Rank test was used. Spearman’s correl-
ation coefficient r was calculated in order to compare
the number of steps, minutes of MVPA and sedentary
time derived by the Fitbit Zip and ActiGraph. To test
the agreement between two devices, Bland-Altman ana-
lysis was applied, where in addition to the limits of
agreement, the bias between two devices was calculated.
The bias is the mean of differences of the two devices.
Positive bias indicates that the Fitbit Zip systematically
overestimates the number of steps or activity minutes
compared to the ActiGraph accelerometer. The data
analysis was conducted by using R version 3.2.3.

Results

The gender distribution in the final sample was equal
(72 males and 72 females). The physical activity of stu-
dents in class, physical education lessons and recess is
summarised in Table 2. The most active segment during
school day was the physical education lesson, where on
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Table 2 Mean (SD), correlations and Bland-Altman output for Fitbit Zip and ActiGraph in school segments

Fitbit Zip ActiGraph GT3x r Bias LoA LuA

Steps

Class time 231.5(298.2) 206.2 (222.9) 0.85%* 252 —209.6 260.3

Physical education lesson 2354.0 (1279.6) 2008.7 (1172.5)** 0.96** 3453 - 1638 8544

Recess 4722 (337.2) 3885 (268.2)** 0.96** 83.7 -1273 294.7
MVPA (min)

Class time 06 (25) 09 (1.7)** 0.24** -03 -4.0 33

Physical education lesson 178 (14.1) 154 (9.1)* 0.72%* 24 —14.7 194

Recess 2.1 (43) 24 (24)* 0.56** -03 —-64 58
Sedentary time (min)

Class time 375 (5.8) 33.8 (6.5)** 0.57** 36 -6.5 13.8

Physical education lesson 11.1 (9.8) 13.7 (9.0)** 0.85%* -26 -104 52

Recess 554.1) 54 (3.9) 0.87** 0.1 -37 39

Note: * P<0.05, ** P<0.001, LoA lower limits of agreement, LuA upper limits of agreement. Differences between two devices according to Wilcoxon Signed Rank

test are presented in column “ActiGraph GT3x”

average more than 2000 steps and 15 min of MVPA
were acquired. The class time remained mostly seden-
tary — over 33 min (out of a 45 min lesson) was spent as
sedentary on average.

When comparing the two devices, there was a strong
correlation in the number of steps in all in-school seg-
ments between the Fitbit Zip and ActiGraph (r=0.85—
0.96, P <0.001) (Table 2). The number of steps between
the two devices were significantly different during phys-
ical education lessons and recess. Bland-Altman analyses
indicated that the Fitbit Zip systematically overestimated
the number of steps compared to ActiGraph accelerom-
eter, with the greatest difference occurring during phys-
ical education lessons.

The minutes of MVPA in different in-school segments
differed between two devices, while the correlation was
moderate during physical education lesson and recess
(r=0.56-0.72, P<0.001) and weak (r=0.24, P <0.001)
during class time. The Fitbit Zip underestimated the
amount of MVPA during class time and recess, and
overestimated it during physical education lessons.

As for sedentary time, there was a moderate to strong
correlation (r=0.57-0.87, P <0.001) between two devices
depending on the segment. The Fitbit overestimated time
spent as sedentary in classes and during in-school seg-
ment compared to the ActiGraph, while in physical educa-
tion lessons, the Fitbit underestimated sedentary time.

When looking at total in-school activity, students ac-
cumulated more than 21.7-25.6% of daily recommended
physical activity in school (Table 3). During school hours,
students spent more than 1.5 h sedentary.

For total in-school time, the correlation between
two devices was strong for steps (r=0.98, P<0.001),
MVPA (r=0.80, P<0.001) and sedentary time (r=0.94,
P <0.001) (Fig. 1). According to Bland-Altman analyses

the Fitbit Zip overestimated both the number of steps
(bias: 464 (- 446—1374) steps) and sedentary time (bias:
13.1 (- 21.0-47.1) minutes) and underestimated MVPA
minutes (bias: — 1.5 (- 20.2-17.3) minutes) compared to
the ActiGraph accelerometer.

Discussion

Consumer-level monitors make the devices more access-
ible to researchers, however there is a need for validation
studies, especially among children. Therefore, the aim of
this study was to fill this gap in scientific literature and
validate the step count, MVPA and sedentary time of Fit-
bit Zip among third grade students (9-10 year-old) in a
school setting.

In general, the Fitbit Zip can be considered a relatively
accurate device for measuring steps in third grade stu-
dents in school, despite the fact that the Fitbit Zip tended
to overestimate the number of steps during school hours
as well as during all in-school segments (class time, phys-
ical education lessons, and recess). However, the amount
of overestimation was small. The overestimation of steps
by the Fitbit Zip is in line with previous studies where
daily physical activity of adults [17, 18], adolescents [19]

Table 3 Physical activity during school hours (means (SD)) and
proportion from daily physical activity recommendation

Fitbit Zip ActiGraph GT3x
Steps 3069.6 (1978.8) 2605.8 (1652.1)*
% from recommendations® 256 21.7%
MVPA (min) 14.3 (17.0) 15.8 (12.9)*
% from recommendations® 238 26.3%
Sedentary time (min) 1604 (59.3) 1474 (56.9)*

Note: *P < 0.001; a — recommendation: 12000 steps/day; b — recommendation:
60 min of moderate
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or preschool children [20] has been studied. Despite the
overestimation, the correlation between the Fitbit Zip and
ActiGraph was strong in all in-school segments, support-
ing previous research [16—19]. Therefore, the findings of
the present study extended previous research and con-
firmed that the Fitbit Zip is a valid device for measuring
steps also in students.

In addition to the number of steps, several modern
activity monitors, including the Fitbit Zip, record informa-
tion about physical activity intensity that can be used to
determine the accumulation of recommended minutes of
MVPA. However, research on the validity of intensities
measured with the Fitbit Zip is especially lacking in chil-
dren. Therefore, the unique aspect of the current study is
the comparison of minutes of MVPA and sedentary time
between the Fitbit Zip and a research-grade accelerom-
eter. When looking at total in-school time, it can be con-
cluded that the Fitbit Zip can be used for measuring both
sedentary time and MVPA in school, as the bias between
two devices was small and the correlation with ActiGraph
was strong. These results concerning the MVPA minutes
support previous research with adults [17].

The validity of Fitbit Zip activity minutes can depend
on in-school segments. One unexpected finding was that
the Fitbit Zip performed weaker in the classroom setting,
where sedentary behaviour dominated. During classes,
the Fitbit Zip underestimated the minutes of MVPA,
overestimated sedentary time, and was weakly to moderately

correlated with ActiGraph values. It could be hypothesised
that one reason for the modest agreement between two de-
vices was due to the sedentary nature of academic classes
combined with the differences in data recording intervals
(15-s for ActiGraph and 1-min for Fitbit Zip), which makes
the ActiGraph more sensitive to short activity bouts. In clas-
ses, the sedentary behaviour dominated when over 33 min
out of 45-min lesson was spent as sedentary and less than
one MVPA minute was acquired. As for physical education
lessons and recess, both of which are more physically active
segments, the validity of Fitbit Zip was acceptable, as the
bias between Fitbit Zip and ActiGraph was smaller. More-
over, the minutes of MVPA and sedentary time were moder-
ately to strongly correlated.

It has been proposed that due to their relatively low
cost and usability, activity trackers could be used in sci-
entific research [15, 18, 19]. In general, the current study
supports this position. It has been suggested that strong
correlations provide preliminary evidence of the reason-
able validity of consumer-level devices [17]. Therefore,
our study indicated that the Fitbit Zip is suitable for
measuring in-school steps as well as MVPA minutes of
students. Moreover, the Fitbit Zip can be considered an
acceptable, enabling to determine the adherence to PA
recommendations as well as the contribution of school
day PA to daily PA. However, caution should be applied
when the aim is to measure day segments in which sed-
entary behaviour dominates (e.g. class settings). In such
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case more sensitive research-grade devices should be
favoured. In addition, it has been suggested that activity
trackers might not be suitable for longer interventions
as the manufacturer does not inform the users in case of
a change in its algorithms [19]. Another limitation for
researchers is the data processing options offered by Fitbit
Inc. Currently, only daily aggregated data can be down-
loaded via Fitbit online software, while in research, more
detailed data is often preferred and, moreover, more de-
tailed data is recorded and uploaded to Fitbit’s server.
Therefore, researchers have to make additional efforts to
find ways to download the detailed data (e.g. develop ap-
plication for using Fitbit API). It should also be noted that
the Fitbit Zip does not detect non-wear time. Thus, in
case of daily data measurements, the activity trackers
should be accompanied with a diary in order to minimize
possible bias in sedentary time evaluation.

One limitation of the study is the absence of after-school
data which could have enabled to assess compliance with
daily PA recommendations. However, by focusing only on
in-school time by attaching trackers to students only when
they were at school, we reduced the risk of losing or forget-
ting devices and therefore increased the data quality. Still,
we lost 1470 data rows (16.4% of the initial database)
due to device malfunction, which is similar to a review
reporting a 11-33% of data loss for field-based studies
with activity trackers [16]. The strengths of our study
are the free-living setting and assessing PA intensities
in addition to step counts. This represents a significant
contribution over previous research, as there is a lack
of studies examining the validity of MVPA in school
children from different age groups, and to the best of
our knowledge, no study has examined the validity of
sedentary time of Fitbit Zip in comparison to ActiGraph
in school children. As sometimes cheaper devices cannot
be avoided when conducting a study, future research
should also incorporate a wider range of consumer-grade
activity trackers from different manufacturers in order to
support the evidence-based decision of researchers when
choosing the device.

Conclusion

In summary, the evidence from this study shows that the
Fitbit Zip can be considered a valid device for measuring
the steps, MVPA and sedentary time of students in a
school setting. However, in segments where sedentary
time dominates (e.g. academic lessons), a research-grade
accelerometer should be preferred. Present study is a
valuable addition to previous validation studies con-
ducted with adults, adolescents, and preschool children,
confirming that the Fitbit Zip can be used as an alterna-
tive to a research-grade accelerometer for measuring
both the steps as well as the physical activity intensities
in 9-10 year-old children.
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