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Abstract

Background: Wearable activity trackers have become key players in mobile health practice as they offer various behavior
change techniques (BCTs) to help improve physical activity (PA). Typically, multiple BCTs are implemented simultaneously in
a device, making it difficult to identify which BCTs specifically improve PA.

Objective: We investigated the effects of BCTs implemented on a smartwatch, the Fitbit, to determine how each technique
promoted PA.

Methods: This study was a single-blind, pilot randomized controlled trial, in which 70 adults (n=44, 63% women; mean age
40.5, SD 12.56 years; closed user group) were allocated to 1 of 3 BCT conditions: self-monitoring (feedback on participants’
own steps), goal setting (providing daily step goals), and social comparison (displaying daily steps achieved by peers). Each
intervention lasted for 4 weeks (fully automated), during which participants wore a Fitbit and responded to day-to-day questionnaires
regarding motivation. At pre- and postintervention time points (in-person sessions), levels and readiness for PA as well as different
aspects of motivation were assessed.

Results: Participants showed excellent adherence (mean valid-wear time of Fitbit=26.43/28 days, 94%), and no dropout was
recorded. No significant changes were found in self-reported total PA (dz<0.28, P=.40 for the self-monitoring group, P=.58 for
the goal setting group, and P=.19 for the social comparison group). Fitbit-assessed step count during the intervention period was
slightly higher in the goal setting and social comparison groups than in the self-monitoring group, although the effects did not
reach statistical significance (P=.052 and P=.06). However, more than half (27/46, 59%) of the participants in the precontemplation
stage reported progress to a higher stage across the 3 conditions. Additionally, significant increases were detected for several
aspects of motivation (ie, integrated and external regulation), and significant group differences were identified for the day-to-day
changes in external regulation; that is, the self-monitoring group showed a significantly larger increase in the sense of pressure
and tension (as part of external regulation) than the goal setting group (P=.04).

Conclusions: Fitbit-implemented BCTs promote readiness and motivation for PA, although their effects on PA levels are
marginal. The BCT-specific effects were unclear, but preliminary evidence showed that self-monitoring alone may be perceived
demanding. Combining self-monitoring with another BCT (or goal setting, at least) may be important for enhancing continuous
engagement in PA.

Trial Registration: Open Science Framework; https://osf.io/87qnb/?view_only=f7b72d48bb5044eca4b8ce729f6b403b
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Introduction

Background
Promoting physical activity (PA) is an urgent mission in modern
society, as physical inactivity is a known risk factor for a wide
range of illnesses such as diabetes, cardiovascular diseases, and
depression [1,2]. Behavior change techniques (BCTs) and
lifestyle interventions have been studied extensively, and
systematic reviews and meta-analyses have found that, overall,
behavioral interventions are effective in promoting PA [3-5].
Notably, many behavioral interventions have been delivered
digitally through web applications or smartphone apps (or
augmented by online support tools) for recording, giving
feedback on, or coaching to promote PA. Thus, eHealth and
mobile health (mHealth) interventions are expected to play an
important role in promoting PA, especially during and after the
COVID-19 pandemic [6,7].

Key players in digital health care research and business are
wearable activity trackers, which are (consumer) devices that
monitor PA and provide feedback to the wearer. These devices
include pedometers, fitness trackers, smartwatches, and smart
rings, which are often linked to web applications or smartphone
apps that offer individualized dashboards, health messages,
social support, and tips to continue exercising regularly (eg,
[8,9]). Meta-analyses [10-12] have suggested that activity
trackers significantly improve PA with standardized mean
difference (SMD)=0.3-0.6, equating to approximately 1800-1850
extra steps per day.

Wearable activity trackers have been found to be well accepted
by various populations, including adolescents [13], older adults
with chronic diseases [14,15], and cancer survivors [16]. Users
typically report positive experiences with activity trackers,
which are perceived to be easy to use and useful to track daily
(physical) activity. Thematic analyses highlighted enhanced
self-awareness among users, which increases motivation to
improve or maintain PA [14,15]. Indeed, a pilot trial showed
that activity trackers help improve cardiometabolic risk variables
in patients with diabetes and could potentially be a motivation
tool to increase PA [17,18], particularly with appropriate
features and implementations [19].

Fitbit devices are some of the most widely used wearable
activity trackers in health care research. A recent narrative
review [20] identified 75 published trials using Fitbit, in which
a variety of behavior change strategies (eg, competition or
challenges, self-monitoring, social support, and goal setting)
were implemented. Through these trials, considerable
heterogeneity was found in the use of Fitbit. Typically, these
trials were designed to investigate the overall effect of a
Fitbit-based intervention versus an intervention without Fitbit
(or treatment as usual). If not limited to Fitbit, it is often the
case with behavioral interventions in which multiple BCTs (ie,
5-10 different techniques [9]) are implemented simultaneously,
which makes it difficult to identify which BCTs are active

components to improve PA and motivation for PA. Therefore,
we aimed to investigate the effects of different BCTs
implemented using the Fitbit Sense smartwatch to determine
how each technique would improve PA and motivation for PA
through a mobile intervention.

The following three BCTs (indexed by the BCT taxonomy v1
[5]) were targeted in this study: (1) self-monitoring, which
encouraged participants to monitor and record their step counts
each day (2. Feedback and monitoring and 2.3 Self-monitoring
of behavior); (2) goal setting, which provided participants with
an explicit daily step count goal and feedback on the goal
progress (1.1 Goal setting and 2.7 Feedback on outcomes of
behavior); and (3) social comparison, which drew the
participants’ attention to their peers’ step counts to allow
comparison with their own performance (6.2 Social
comparison). Note that the latter 2 conditions included
self-monitoring by nature; without self-monitoring, feedback
on goal progress or social comparisons could not be
implemented.

We regarded self-monitoring as the control condition (or
treatment as usual) because it is the most prevalent BCT
implemented in mHealth interventions, and there is robust
evidence that self-monitoring increases PA and improves dietary
behavior [21,22]. A systematic review on digital
implementations of self-monitoring [23] distinguished active
self-monitoring, which requires users to reflect on the current
state and physical functioning, from passive self-monitoring,
which relies on sensors automatically recording (locomotor)
acceleration, heart rate, and other physical or environmental
information. In this study, we used active self-monitoring (ie,
participants manually entered their step count of the day on an
online questionnaire platform). This decision was made because
(1) we wanted to be sure that each participant consciously
checked their steps of the day and (2) the systematic review
[23] identified in the literature no intervention study that
included wearables to combine active self-monitoring with
passive self-monitoring of additional physical information.

Furthermore, a meta-analysis [24] suggested that interventions
combining self-monitoring with at least 1 other self-regulatory
technique (eg, goal setting or feedback) are more effective than
other interventions. A goal setting BCT is implemented in most
commercial PA apps—95% set specific and measurable goals,
which allow users to evaluate whether and to what extent they
achieved the goal [25]. We followed this basic, core
implementation, although other components of goal settings
(eg, tailoring goal difficulty, scheduling, and action planning)
were not considered in this study.

A systematic review [26] found that most of the social features
implemented in mHealth interventions involve the delivery of
social support or social comparison, which are often combined
with the self-monitoring of behavior. The researchers also
meta-analyzed the efficiency of mHealth interventions with
social features, showing a moderate-to-large size effect, albeit

JMIR Mhealth Uhealth 2024 | vol. 12 | e51216 | p. 2https://mhealth.jmir.org/2024/1/e51216
(page number not for citation purposes)

Takano et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


with large heterogeneity (SMD=0.96; I2=99.6%). A recent
analysis of the use patterns of commercial PA apps in a
community sample suggested that people typically use only 2
functions within an app, often a combination of self-monitoring
and one other function [27]. Given that users highly appreciate
the simplicity of an app [28], it is of theoretical and practical
importance to clarify how large the additive values of goal
setting and social comparison are compared with self-monitoring
alone.

Objectives
In summary, we aimed to test the effects of the 3 BCTs
implemented using the Fitbit smartwatch to resolve an answered
question in the literature, that is, how each BCT would
contribute to improvement in PA levels and motivation in the
form of mHealth intervention. A 2 × 3 factorial design was used,
with assessment occasions (pre- vs postintervention time points)
as the within-person factor and groups (self-monitoring vs goal
setting vs social comparison) as the between-person factor.
During the 4-week intervention, participants wore a Fitbit Sense
to receive 1 of the 3 interventions (ie, self-monitoring, goal
setting, or social comparison) and assess their levels of PA (in
the form of step count) for 24 hours. They also responded to
daily online questionnaires asking how motivated they were
regarding PA. The primary outcome was self-reported PA levels
assessed before and after the intervention. The secondary
outcomes included (1) the stage of change for PA [29], (2)
intrinsic and extrinsic motivations for PA, (3) Fitbit-assessed
step count, and (4) day-to-day motivations for PA [30]. We
expected that the goal setting and social comparison groups
would show larger increases in the levels and motivations for
PA compared with the self-monitoring group. We did not have
a clear hypothesis for a direct comparison between goal setting
and social comparison, which was tested in an exploratory
manner.

Methods

Participants
Invitations were spread to local inhabitants in and around Ibaraki
Prefecture (a middle-north region in Japan; February 2023) who
had been registered in a database of potential participants. The
study was advertised (online) as one that assessed psychological
and behavioral data in daily life. The advertisement explicitly
stated that participants would be asked to wear the Fitbit for 1
month, but they were blinded to the intervention conditions. In
total, 140 individuals were assessed for eligibility, and 70 (50%)
met the following inclusion criteria: (1) being aged 18-64 years;
(2) expecting no major life change (eg, in a living place or job)
before or during the study; (3) being not pregnant or not
lactating; (4) being in good health (ie, having no medical,
neurological, psychiatric, or other physical illnesses); (5) having
not been diagnosed with dysautonomia, depression, mania,
bipolar disorder, or facial paralysis in the past; (6) not taking
tranquilizers or antihypertensive drugs regularly; (7) not taking
hormone replacement therapy or not taking oral contraceptives;
and (8) not exercising regularly. Regular PA levels (criterion
8) were assessed using the Stage of Change (SoC) questionnaire
for PA (see the Measures section), and those who identified

themselves as being at the precontemplation, contemplation, or
preparation stages were eligible for participation. We assessed
SoC instead of PA levels because we targeted motivation and
readiness for PA, not only the actual engagement in PA
behavior. Among the 70 excluded participants, 60 (86%) were
physically more active than criterion 8 (belonging to the action
or higher stages of change), and 10 (14%) could not find time
for the briefing session of the study. All participants were
assumed to have good internet literacy (necessary support was
provided at the briefing session by an experimenter).

The sample size was determined after the recommendations of
a pilot randomized controlled trial (eg, [31]). We did not perform
a rigorous power analysis because we regarded this study as a
pilot trial, and there was no good way to determine an expected
effect size that could be used for a priori power analysis,
particularly for the comparison of goal setting and social
comparison. However, the current sample size (n=23 or 24 per
group) allowed for the detection of an effect of Cohen d=0.87
with α=.05, and power=0.80. A meta-analysis [26] reported
SMD=0.96 as the effect of social features implemented in
mobile interventions on PA levels albeit high heterogeneity
being documented.

Interventions
Participants were randomly allocated to 1 of 3 groups and
received a smartphone and a Fitbit Sense at the beginning of
the study (briefing session). The Fitbit app was installed on the
smartphones with varying settings for each intervention
condition.

In the self-monitoring group, participants received a smartphone
with the Fitbit app, with all notification functions turned off,
except for low battery warnings. Participants were allowed to
see the home display, showing the step count of the day and
other physiological information, including sleep, heart rate, and
skin temperature. However, the app indicated no step goals to
achieve, social functions were disabled, and no push
notifications were sent to the devices during the intervention
period. Participants received a chat message on their smartphone
each evening (at 9 PM) asking them to read the step count of
the day displayed on the Fitbit and manually record it on an
online questionnaire platform.

Participants in the goal setting group were explicitly informed
of the goal to be achieved each day (ie, 9000 and 8500 steps for
men and women, respectively) by an experimenter during the
briefing session. These goals were set according to the Japanese
national health recommendations [32]. During the briefing
session, the experimenter instructed the participants to enter the
step goal into their Fitbit app to monitor their progress at any
time, and the Fitbit Sense notified each participant of their daily
goal achievement using vibration.

The participants in the social comparison group were explicitly
instructed to read and record the step counts of their peers on
the Fitbit app each evening. On the Fitbit app, 5 peers (called
“friends”) had been registered before distribution. Participants
were not explicitly told who these friends were, but each friend
was displayed on the app with a unique participant ID (eg,
AIST_01 and AIST_02). These 5 friends were the researchers
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and research assistants of this project, who wore the Fitbit Sense
throughout the period of data collection. The average step count
for the 5 friends was 6405-11,449 steps per day. Each participant
was paired with the same 5 friends so that there was no
variability in the friends’ activity levels between participants.
We asked participants to check their friends’ steps each day but
did not explicitly ask participants to outperform their friends.

Measures
We administered the following three types of assessments: (1)
pre- and postintervention assessments in the lab, (2) daily
in-intervention assessments at home using self-report scales for
motivation, and (3) accelerometry (implemented in Fitbit) for
step counts (Table 1).

Table 1. Overview of the measures and response items.

Variable and descriptionType and timing of assessment and measure

Self-report (in the lab, at pre- and postintervention time points)

Stage of change, readiness for PAaStage of Change questionnaire (at the eligibility screening)

Levels of total PAInternational Physical Activity Questionnaire—Short Form

Different motivations for regular PA (intrinsic motivation, external reg-
ulation, introjected regulation, identified regulation, integrated regulation,
and amotivation)

Self-determined Motivation Scale for Exercise

Self-report (at home, each evening)

Identified regulation, intrinsic motivation, and external regulationModified Situational Motivational Scale

Read and record the step count of the day, displayed on FitbitStep count of the day (all 3 groups)

Record whether the goal (9000 or 8500 steps) was achievedGoal achievement of the day (goal setting group only)

Record the step count of the Fitbit friend whose count was the highest
among the friend group

Step count of a peer (social comparison group only)

Fitbit (at home, at any time)

Accelerometer basedStep count

aPA: physical activity.

SoC Questionnaire
Readiness for PA was assessed using the Japanese version
[33,34] of the SoC questionnaire [29,35]. Participants were
classified into 1 of 5 stages (ie, precontemplation, contemplation,
preparation, action, and maintenance), selecting the most
applicable statement among the following: “I currently do not
exercise and do not intend to start exercising in the future”
(pre-contemplation); “I currently do not exercise but I am
thinking about starting to exercise in the next six months”
(contemplation); “I currently exercise some, but not regularly”
(preparation); “I currently exercise regularly, but have only
begun doing so within the last six months” (action); and “I
currently exercise regularly and have done so for longer than
six months” (maintenance). We instructed the participants to
consider regular exercise as exercising twice or more per week
for 20 minutes or longer.

International Physical Activity Questionnaire—Short
Form
Total PA was assessed using the International Physical Activity
Questionnaire—Short Form (IPAQ-SF) [36,37]. The IPAQ-SF
includes three dimensions: (1) walking, (2) moderate-intensity
activity, and (3) vigorous-intensity activity. Sedentary time was
not included in the analyses. Participants reported the number
of days and duration spent on each dimension of PA over an
average week. The reported weekly minutes of PA
(duration×days for each PA dimension) were transformed into
hourly metabolic equivalents per week (METs-h/w). This scaling

allowed us to explore how many participants adhered to the
Japanese public health guidelines for PA, which is 23 METs-h/w
for adults [32].

Self-determined Motivation Scale for Exercise
The baseline and postintervention levels of motivation for PA
were assessed using the revised version of the Self-determined
Motivation Scale for Exercise [38], which was developed based
on self-determination theory [39]. This 22-item self-report
questionnaire covers the following six types of motivations or
regulatory styles concerning PA: (1) intrinsic motivation (eg,
“Exercising itself is fun”), (2) external regulation (eg, “I exercise
because other people will be pleased with me”), (3) introjected
regulation (eg, “I feel guilty if I do not exercise”), (4) identified
regulation (eg, “I think it is a good way to improve myself”),
(5) integrated regulation (eg, “It is essential to my identity and
sense of self”), and (6) amotivation (eg, “I do not know why I
exercise”). Each construct is assessed using 3- or 4-item
subscales, and each item is rated on a 5-point scale (1=not at
all true and 5=very true). Cronbach α was >.73 for each
subscale.

Daily Measures: Motivation
A chat message was sent to the participants’ smartphones in the
evening (at 9 PM). The message included a link to an online
survey platform (Exkuma [40]) where participants rated their
motivation for PA. The link was to expire at 2 AM, but because
of a technical problem, responses were erroneously accepted
even after this due time. All such delayed responses were
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excluded from analyses. The evening questionnaire included
the following 3 items: identified regulation (“I’m feeling that
exercising is important for me”), intrinsic motivation (“I’m
feeling that exercising is fun”), and external motivation (“I’m
feeling that I have to exercise”). Each item is rated on a 7-point
scale (1=not at all and 7=very much). Motivation items were
adapted from the Situational Motivational Scale [41] for physical
exercise [42]. We adjusted the wording for daily or momentary
assessments (ie, asking how one is feeling right now) and
selected the items with the highest factor loadings in each
dimension to minimize the burden on the participants [30]. In
addition, we did not include items on amotivation, as our focus
was on a pro-PA psychological state, not on the barriers to PA.

Procedure
Interested participants completed an online screening survey
for eligibility. Those identified as eligible were then invited to
an online system to schedule an in-person briefing session,
where groups of 1-4 participants were formed arbitrarily. These
groups were randomly allocated to 1 of the 3 intervention
conditions (1:1:1) following a random sequence generated by
a trial analyst using R (version 4; R Foundation for Statistical
Computing). Experimenters (who conducted the recruitment
and assessments) were not involved in this process. Block
randomization (batch per group size) was used to prevent
imbalances in group allocation. Single blinding was used;
participants were not aware of whether they were in an active
or control condition or what interventions other participants
received. During the briefing session, the participants received
instructions about the study, provided informed consent, and
completed baseline questionnaires. At the end of this session,
the participants received a smartphone (Android OS) paired
with a Fitbit Sense. As the data collected via these devices were
tagged with participant IDs (but not with their real names), there
was no security concerns about personal information.

During the 4-week intervention period, participants were asked
to wear a Fitbit Sense on their nondominant wrist for 24 hours.
Participants were instructed not to change the settings of the
Fitbit app. Each evening, all participants recorded their daily
step count on an online questionnaire platform. Those in the
social comparison group were also asked to record the highest
step count of the day among their friends on the Fitbit app.
There was no in-person component in the interventions although
technical support (eg, for app login and online questionnaires)
was provided by an experimenter at any point of the
interventions.

Immediately after the 4-week interventions, the participants
were invited to the lab again, returned their smartphones and
Fitbit, and completed the postintervention questionnaires. They
also took part in a brief in-person interview asking whether
participants experienced any adverse events during the
intervention period and how they liked Fitbit and each
intervention component (ie, self-monitoring, goal setting, or
social comparison). At the end of the debriefing session, the
participants received 49,000 JPY (US $350) as compensation.
Postintervention checks were conducted on the devices right
after the interventions were completed. These checks reassured
us that (1) the step goals were not changed on the system (8500

or 9000 steps in the goal setting group and no goals in the other
2 groups), and similarly, (2) the friend list was not changed (5
peers in the social comparison group, and no peers in the other
2 groups). The data collection was ended in May 2023.

Ethical Considerations
The study protocol was approved by the Ethics Committee of
the National Institute of Advanced Industrial Science and
Technology (approval ID: 2022-1240). The protocol was
preregistered with the Open Science Framework before data
collection.

Statistical Analyses
The primary outcome (ie, self-reported PA level) was analyzed
using a 2-level multilevel model with the groups as
between-person predictors, time (pre- vs postintervention time
points) as the within-person predictor, and cross-level
interactions. Groups were dummy coded, with the
self-monitoring group as the reference level. Random intercepts
and slopes were assumed, which allowed the baseline level of
PA and rate of change in PA to vary across individuals. No
correlation was assumed between the intercept and the slope.
Each model was estimated using the restricted maximum
likelihood estimation method. The same or similar models were
used for the secondary outcomes. An exception is that the
analyses of day-level variables (ie, daily step count and
motivations reported each evening) had a continuous time
predictor (ie, days since the start of the intervention) instead of
pre- and postintervention time points. All randomized
participants were included in the analyses on an
intention-to-treat basis. The effect sizes (Cohen d for
between-group differences and dz for within-group changes)
were calculated [43]. All analyses were performed using R
(version 4; R Foundation for Statistical Computing) with the
specific packages lme4 [44], lmerTest [45], and fitbitr [46].

Sensitivity analyses were planned to examine the influences of
missingness on (1) the Fitbit-assessed step count and (2) evening
levels of motivation for PA. First, for the main analysis on step
count, we excluded days with steps <2000 as outliers. This
cutoff was determined on the distribution observed in the current
data (5.6% [110/1960] of records met <2000 steps). Also, 2000
steps can be reliably regarded as too few given that a daily step
count of 5000 is operationalized as a sedentary lifestyle [47],
and thus, measurement issues were suspected (eg, Fitbit was
not worn appropriately). Second, as a sensitivity analysis, we
reran the analysis while filtering out the days with missing heart
rate (ie, days with <50% of valid heart rate records) instead of
days with <2000 steps. Note that heart rate was not a target of
our analyses but was measured by Fitbit; also, missingness in
heart rate does not always indicate invalid wearing as temporary
dysfunctions in the device or sensor may result in missingness.
Third, we checked compliance in responding to daily
questionnaires to see whether any participants should be
excluded because of too few valid responses. However, we
found excellent compliance in the current data (24.96/28 days,
89%, 1747/1960; see the Results section for details), and thus,
data from all participants were used for statistical analyses.
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Results

Demographics and Descriptive Statistics at the Baseline
The demographic characteristics of the participants are shown
in Table 2. At the baseline assessment, the 70 participants were
physically inactive: 46 (66%) in the precontemplation stage, 15
(21%) in the contemplation stage, and 9 (13%) in the preparation
stage. In the IPAQ-SF, 46 (66%) participants did not meet the
national health guidelines for PA (23 METs-h/w). Among the

remaining participants (n=24), 10 (42%) were classified under
category 3 (health-enhancing PA). As these highly active
individuals were not the target of this study (and responded
inconsistently to the SoC questionnaire and IPAQ-SF), we
performed sensitivity analyses after excluding them at baseline
(see Tables S4 and S5 in Multimedia Appendix 1 for details;
overall, we identified no significant changes in the results that
influenced the conclusion). No significant group differences
were found in age, gender, education level, or other
socioeconomic factors.

Table 2. Demographics and descriptives at baseline.

P valueTest on group differ-
ences, F test (df) or chi-
square (df)

Social comparison
(n=24)

Goal setting (n=23)Self-monitoring
(n=23)

Variable

.730.31 (2, 67)42.1 (13.7)39.2 (12.8)40.1 (11.4)Age (years), mean (SD)

.232.96 (2)12 (50.0)17 (73.9)15 (65.2)Women, n (%)

.390.97 (2, 67)25.3 (4.1)23.5 (5.5)25.0 (4.5)BMI, mean (SD)

.272.62 (2)17 (70.8)11 (47.8)13 (56.5)Married, n (%)

.990.02 (2)14 (58.3)13 (56.5)13 (56.5)Having a child, n (%)

.920.91 (4)Education level, n (%)

13 (54.2)11 (47.8)10 (43.5)Middle or high school

6 (25)5 (21.7)6 (26.1)College or vocational school

5 (20.8)7 (30.4)7 (30.4)University and above

.670.78 (2)20 (83.3)19 (82.6)17 (73.9)Job, n (%)

.339.11 (8)Household income, n (%)

6 (25)3 (13.0)7 (30.4)<3 million JPY (US $19,000)

7 (29.2)13 (56.5)8 (34.8)3-5 million JPY (US $19,000-31,600)

7 (29.2)4 (17.4)5 (21.7)5-7 million JPY (US $31,600-44,300)

3 (12.5)0 (0)2 (8.7)7-10 million JPY (US $44,300-
63,300)

1 (4.2)3 (13)1 (4.4)>10 million JPY (US $63,300)

.410.90 (2, 67)55.4 (128.1)30.4 (46.9)25.6 (33.7)Total PAa, mean (SD)

1.000.01 (4)Stage of change, n (%)

16 (66.7)15 (65.2)15 (65.2)Precontemplation

5 (20.8)5 (21.7)5 (21.7)Contemplation

3 (12.5)3 (13)3 (13)Preparation

SMSE-2b

.770.26 (2, 67)11.1 (3.7)11.4 (3.8)11.9 (3.2)Intrinsic motivation

.291.27 (2, 67)8.1 (3.6)7.9 (2.7)9.4 (3.6)Integrated regulation

.760.27 (2, 67)13.0 (4.4)13.8 (3.7)13.7 (3.9)Identified regulation

.062.97 (2, 67)8.0 (2.8)8.5 (3.8)10.4 (3.9)Introjected regulation

.151.95 (2, 67)5.5 (3.0)5.2 (2.3)6.6 (2.2)External regulation

.900.10 (2, 67)6.7 (2.7)6.5 (3.4)6.9 (2.7)Amotivation

aTotal PA: total physical activity in metabolic equivalents for hours per week, as assessed using the International Physical Activity Questionnaire—Short
Form.
bSMSE-2: Self-determined Motivation Scale for Exercise 2.
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Compliance and Adherence
All participants completed the pre- and postintervention
assessments and received the intended interventions (see Figure
1 for the Consolidated Standards of Reporting Trials flow
diagram). The compliance rate was 89% (mean 24.96, SD 5.75
out of 28 days) for the daily online questionnaires. The mean
valid-wear time of Fitbit was 26.43 days (94%) out of the entire

assessment period (28 days) after the invalid days (when <2000
steps were recorded) were left out. As another measure of
adherence to wearing Fitbit, we checked the presence of heart
rate signals in the data. This check identified 30 days to be
excluded across 70 participants, and the remaining mean 27.57
(SD 1.04; 99%) days were submitted to the sensitivity analysis.
No adverse event was recorded.

Figure 1. Consolidated Standards of Reporting Trials flow diagram.

We examined the correlations between compliance and baseline
variables (Table S1 in Multimedia Appendix 1). The older
participants showed higher compliance (day-to-day assessments;
r=0.30) and adherence (Fitbit wear time; r=0.39). Those with
children or jobs showed higher adherence (r=0.35 and 0.31,
respectively). Individuals with higher baseline levels of
integrated regulations had a lower compliance rate (r=–0.35).

Changes From the Pre- to Postintervention
Assessments
The results of a 2 × 3 multilevel model (pre- vs postintervention
time point; self-monitoring vs goal setting vs social comparison)
of self-reported total PA revealed neither a significant main
effect of time nor a significant interaction effect between time
and group (Table 3). The same multilevel model analyses were
repeated for SoC and motivation variables as outcomes, which

showed no significant time-group interaction effects. However,
significant effects of time were observed for the following
secondary outcomes (Table S2 in Multimedia Appendix 1):
SoC (dz=0.50, 95% CI 0.25-0.75, P=.006), integrated regulation
(dz=0.35, 95% CI 0.11-0.59, P=.03), and external regulation
(dz=0.42, 95% CI 0.17-0.66, P=.003). These time effects suggest
that participants reported progress to higher stages at the end
of the interventions; typically, people who had been in the
precontemplation stage progressed toward the contemplation
stage (see Table S3 in Multimedia Appendix 1). Similarly,
participants experienced increases in integrated regulation (ie,
they recognized more personal values and sense of self in PA)
and external regulation (ie, they gained more motivation that
was controlled by external sources and actions such as pleasing
their family), but these effects did not differ between the BCT
conditions.
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Table 3. Changes in the levels of physical activity and other outcomes from the pre- to postintervention assessment.

Standardized mean group difference (vs
self-monitoring)

Standardized within-group
change (dz)Value, mean (SD)Outcome and groupa

P valueCohen d

Total PAb (METs-h/w)c

——d–0.18–4.97 (27.82)Self-monitoring

.330.280.125.48 (46.49)Goal

.150.450.2722.12 (80.80)Social

——0.147.75 (56.91)All groups

SoCe

——0.650.48 (0.73)Self-monitoring

.860.050.580.52 (0.90)Goal

.25–0.370.270.21 (0.78)Social

——0.500.40 (0.81)All groups

Intrinsic motivation

——0.250.83 (3.26)Self-monitoring

.880.050.400.96 (2.42)Goal

.12–0.440.17–0.58 (3.35)Social

——0.130.39 (3.08)All groups

Integrated regulation

——0.411.17 (2.85)Self-monitoring

.91–0.030.471.09 (2.29)Goal

.28–0.310.160.38 (2.41)Social

——0.350.87 (2.52)All groups

Identified regulation

——0.411.39 (3.35)Self-monitoring

.68–0.140.320.96 (3.02)Goal

.15–0.400.03–0.13 (4.26)Social

——0.200.73 (3.60)All groups

Introjected regulation

——0.150.57 (3.87)Self-monitoring

.930.020.170.65 (3.75)Goal

.230.370.601.83 (3.06)Social

——0.291.03 (3.57)All groups

External regulation

——0.631.65 (2.62)Self-monitoring

.82–0.080.821.48 (1.81)Goal

.06–0.510.070.21 (3.15)Social

——0.421.10 (2.64)All groups

Amotivation

——0.17–0.43 (2.59)Self-monitoring

.87–0.050.21–0.57 (2.64)Goal

.170.420.240.63 (2.60)Social

——0.04–0.11 (2.63)All groups
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an=23, 23, and 24 for the self-monitoring, goal setting (goal), and social comparison (social) conditions, respectively. Stage of change coded as follows:
precontemplation=1, contemplation=2, preparation=3. P values for group differences were calculated using multilevel modeling (ie, group-time interaction
effects; see Table S2 in Multimedia Appendix 1 for details).
bPA: physical activity.
cMETs-h/w: metabolic equivalents for hours per week
dNot available.
eSoC: Stage of Change.

Day-Level Outcomes
We performed multilevel modeling with days, groups, and their
interactions as predictors. The results showed no significant
day-group interactions in predicting Fitbit-assessed step count,
identified regulation, or intrinsic motivation (Figure 2; Table
4). However, external motivation was significantly predicted
by the interaction between the day and group dummy of
self-monitoring versus goal setting. This interaction effect
implies that the self-monitoring group experienced a significant
increase in external motivation (b=0.019, SE=0.008;

t68.24=2.436, P=.02), whereas the goal setting group showed no
change over time (b=–0.003, SE=0.011; t66.51=–0.516, P=.61).
Over the intervention period, the Fitbit-assessed step count
remained slightly higher in the goal setting and social
comparison conditions than in the self-monitoring condition
(Figure 2D), although these main effects of the condition did
not reach statistical significance (P=.051 and P=.06; Table 4).
The results were unchanged when heart rate was used to define
invalid wearing time (the main effects were not significant;
P=.053 for goal setting and P=.17 for social comparison).

Figure 2. Levels of motivations and Fitbit-assessed step count as a function of day.
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Table 4. Estimates of multilevel models predicting the day-level outcomesa.

95% CIP value2-tailed t test (df)SEEstimateIVb

DVc: identified regulation

–0.005 to 0.027.201.307 (67.01)0.0080.011Time

–1.257 to 0.684.57–0.575 (66.19)0.499–0.287Goal

–0.873 to 1.047.860.176 (66.13)0.4930.087Social

–0.022 to 0.023.960.047 (66.43)0.0120.001Time×Goal

–0.028 to 0.017.62–0.500 (65.67)0.011–0.006Time×Social

DV: intrinsic motivation

–0.004 to 0.027.171.403 (68.00)0.0080.011Time

–0.803 to 1.153.730.348 (65.93)0.5030.175Goal

–0.542 to 1.394.400.856 (65.87)0.4980.426Social

–0.025 to 0.019.81–0.236 (67.27)0.011–0.003Time×Goal

–0.027 to 0.016.61–0.516 (66.51)0.011–0.006Time×Social

DV: external regulation

0.004 to 0.033.022.436 (68.24)0.0080.019Time

–1.394 to 0.625.46–0.741 (66.25)0.519–0.385Goal

–1.453 to 0.545.38–0.883 (66.19)0.514–0.454Social

–0.043 to –0.002.04–2.105 (67.47)0.011–0.022Time×Goal

–0.022 to 0.018.87–0.169 (66.70)0.010–0.002Time×Social

DV: Fitbit-assessed step count

–0.063 to 0.022.36–0.923 (64.93)0.022–0.020Time

0.006 to 0.471.0511.990 (66.59)0.1200.238Goal

–0.002 to 0.444.061.933 (66.96)0.1140.221Social

–0.030 to 0.082.370.905 (63.13)0.0290.026Time×Goal

–0.016 to 0.093.171.377 (64.72)0.0280.038Time×Social

aThe step count was log transformed. Goal, Social=dummies representing the goal setting or social comparison conditions vs self-monitoring. A total
of 1934 and 1960 observations were used for the motivation outcomes and step count, respectively.
bIV: independent variable.
cDV: dependent variable.

Discussion

Principal Findings
This study examined the effects of different BCTs implemented
in Fitbit on subjective and objective levels of PA as well as
motivations for PA. Three BCTs (ie, self-monitoring, goal
setting, and social comparison) were offered via the smartwatch
for 4 weeks, during which participants lived in their daily lives.
Overall, participants showed excellent adherence to the
interventions (older participants and those with a child or job
showed even better adherence), and there were no dropouts at
the end of the interventions. Although we found no significant
increase in total PA (as assessed by the IPAQ-SF) or
Fitbit-assessed step count, participants reported that the stage
progressed typically from precontemplation to contemplation
across the 3 BCT conditions. In addition, significant increases
were detected in several aspects of motivation (ie, integrated
and external regulation), and the day-to-day level of external

regulation showed a larger increase in self-monitoring than in
goal-setting conditions.

Overall, these results suggest that the effects of Fitbit-delivered
BCTs on PA are marginal. There are several possible reasons
for the detection of smaller-than-expected effects. First, we used
an active control condition (ie, self-monitoring offered by a
wearable device), unlike previous trials that compared the
presence and absence of an activity tracker [10], which may
have mitigated the detectable between-condition effects. Second,
changes from the pre- to the postintervention assessment showed
extremely large heterogeneity. This heterogeneity can be partly
attributed to large individual differences (or SD) in baseline PA
levels. Notably, the social comparison group showed an average
increase of 22.1 (SD 80.9) METs-h/w, which is regarded as a
sufficient increase in PA according to the national health
recommendation (23 METs-h/w) [32]. However, a large SD
prevented the effect from reaching statistical significance, which
is in line with a recent meta-analysis of the heterogeneous effects
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of social factors in behavior change interventions [26]. This
may indicate that personalization (delivering social comparisons
to people who appreciate social factors) is important for
maximizing the intervention effect [48]. Third, we did not have
a baseline period for the Fitbit assessment; on receipt of the
Fitbit, the participants started each intervention immediately.
Interestingly, the step count was slightly higher in the goal
setting and social comparison groups than in the self-monitoring
group over the course of the intervention (P=.051 and P=.06).
These effects suggest that participants had already adapted their
behavior on the first day of the interventions, which resulted in
an overall elevation in step count, albeit with nonsignificant
time-group interactions. These minor effects should be
interpreted carefully, but it is possible that self-regulatory and
social factors contribute a meaning addition to self-monitoring
in PA promotion [24].

Our aim was to experimentally investigate the effects of mobile
implementations of BCTs, and therefore, we decided to keep
each BCT manipulation as simple as possible. However, our
implementations might feel too simple compared with the
features and functions equipped in commercial PA apps. For
example, we set rigid goals for each participant (ie, 8000 or
9500 steps each day), but goal setting theory suggests that goals
should be adequate and tailored to the individual skills (ie,
doable but challenging) [25,49]. Also, other components could
be considered as effective additions in real-life implementation,
such as action planning, goal evaluation, and goal reevaluation.
Similarly, social comparison could be provided in another
form—for example, some participants commented in the
postintervention interview that they would be more motivated
if the leaderboard displayed the steps of close others (eg, real
friends and family members). Several trials have tested the
efficacy of collaboration and competition within a gamification
intervention for PA, which gives a meaningful context of social
comparison and may help enhance motivation to engage in the
intervention [50,51].

We detected significant increases in the levels of integrated and
external regulations in the postintervention assessment. These
increases were not moderated by the BCT conditions, indicating
that each group experienced almost equal increases in the 2
types of regulation. Similarly, day-level external regulation
increased over the 4-week interventions, which was qualified
by the significant time-group interaction. This interaction
suggests that participants in the self-monitoring group
experienced a larger increase in external regulation than those
in the goal setting group. A cross-sectional survey of the
Mexican general population [52] found that external regulation
was predominant in the precontemplation stage, whereas
intrinsic, integrated, and identified regulations increased as the
stage progressed (the action and maintenance stage). The
detected increase in integrated regulation may be a good sign,
but the increase in external regulation may have both positive
(eg, people may have found external rewards to start PA and to
progress from the precontemplation stage) and negative aspects
(eg, this may not directly lead to habit formation). Furthermore,

the day-to-day increase in external regulation may suggest that
participants in the self-monitoring group felt some pressure and
tension regarding PA, as the questionnaire item stated that they
felt that they have to exercise [30]. Thus, the significant
interaction effect can be interpreted as the goal setting technique
preventing participants from feeling obliged to engage in PA.

Limitations
These findings should be interpreted with consideration of
several important limitations. First, we based the eligibility
assessment on a 1-item SoC questionnaire, which is not an
optimal screening tool. Approximately one-third of eligible
participants were sufficiently active to exceed the national health
recommendation (23 METs-h/w) at baseline. In the
postintervention interview, some participants reported that they
had not been aware of their activity level at eligibility screening
but realized how active they were when responding to each item
of the IPAQ-SF. Future research should consider a sufficiently
detailed eligibility assessment for PA and preferably use an
objective measure, such as a pedometer or accelerometer.
Second, it was not possible to strictly control how the
participants used each Fitbit feature during the intervention
period. For example, we did not prevent participants from setting
their own step goals, even in the self-monitoring or social
comparison conditions. Although we did not detect any
significant violations in the log of Fitbit usage, it might be
appropriate to add a system to lock or unlock a particular
function in the app and device to reduce potential contamination.
Third, we did not conduct a follow-up assessment to test whether
the intervention effects were maintained even after the end of
the intervention. This decision was made because we could not
give away the Fitbit, but it would be valid to leave the Fitbit
with participants even after the end of the intervention if we
wanted to observe a long-lasting follow-up effect. Fourth, during
the study period, motivation was rated or reported each night
together with the step count of the day. This assessment timing
may have influenced how participants responded to the
questionnaires—it is possible that people are more motivated
for PA during the daytime. However, we decided not to
administer multiple questionnaires (eg, in the morning; at
random moments) within a day to reduce the burden on
participants and to achieve high compliance.

Conclusions
Nevertheless, our results suggest that activity trackers are useful
for increasing readiness and motivation for PA, although
significant heterogeneity was identified. The addition of goal
setting and social comparison potentially enhances step count,
and goal setting may prevent feelings of pressure or tension
from engaging in PA. However, to fully detect BCT-specific
effects, a proper trial (eg, with a larger sample size, longer
intervention and assessment periods, and different populations)
is warranted. It is difficult to evaluate the effects of each BCT
and their complex combinations (eg, [53]), but future research
should expand to other BCTs often used in mHealth practices,
such as messaging and rewards.

JMIR Mhealth Uhealth 2024 | vol. 12 | e51216 | p. 11https://mhealth.jmir.org/2024/1/e51216
(page number not for citation purposes)

Takano et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Acknowledgments
We thank Shingo Terada for his extensive support with data collection. This study was supported by JSPS KAKENHI (23H01051).

Conflicts of Interest
None declared.

Multimedia Appendix 1
Supplementary tables.
[DOCX File , 31 KB-Multimedia Appendix 1]

Multimedia Appendix 2
CONSORT checklist.
[PDF File (Adobe PDF File), 1199 KB-Multimedia Appendix 2]

References

1. Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U, et al. Lancet Physical Activity Series Working Group.
Global physical activity levels: surveillance progress, pitfalls, and prospects. Lancet. 2012;380(9838):247-257. [doi:
10.1016/S0140-6736(12)60646-1] [Medline: 22818937]

2. Rhodes RE, Janssen I, Bredin SSD, Warburton DER, Bauman A. Physical activity: health impact, prevalence, correlates
and interventions. Psychol Health. 2017;32(8):942-975. [doi: 10.1080/08870446.2017.1325486] [Medline: 28554222]

3. Bradley T, Campbell E, Dray J, Bartlem K, Wye P, Hanly G, et al. Systematic review of lifestyle interventions to improve
weight, physical activity and diet among people with a mental health condition. Syst Rev. 2022;11(1):198. [FREE Full
text] [doi: 10.1186/s13643-022-02067-3] [Medline: 36085250]

4. Howlett N, Trivedi D, Troop N, Chater A. Are physical activity interventions for healthy inactive adults effective in
promoting behavior change and maintenance, and which behavior change techniques are effective? a systematic review
and meta-analysis. Transl Behav Med. 2019;9(1):147-157. [FREE Full text] [doi: 10.1093/tbm/iby010] [Medline: 29506209]

5. Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The Behavior Change Technique Taxonomy
(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med. 2013;46(1):81-95. [FREE Full text] [doi: 10.1007/s12160-013-9486-6] [Medline: 23512568]

6. Dor-Haim H, Katzburg S, Revach P, Levine H, Barak S. The impact of COVID-19 lockdown on physical activity and
weight gain among active adult population in Israel: a cross-sectional study. BMC Public Health. 2021;21(1):1521. [FREE
Full text] [doi: 10.1186/s12889-021-11523-z] [Medline: 34362319]

7. Giuntella O, Hyde K, Saccardo S, Sadoff S. Lifestyle and mental health disruptions during COVID-19. Proc Natl Acad Sci
U S A. 2021;118(9):e2016632118. [FREE Full text] [doi: 10.1073/pnas.2016632118] [Medline: 33571107]

8. Chaddha A, Jackson EA, Richardson CR, Franklin BA. Technology to help promote physical activity. Am J Cardiol.
2017;119(1):149-152. [doi: 10.1016/j.amjcard.2016.09.025] [Medline: 27889045]

9. Lyons EJ, Lewis ZH, Mayrsohn BG, Rowland JL. Behavior change techniques implemented in electronic lifestyle activity
monitors: a systematic content analysis. J Med Internet Res. 2014;16(8):e192. [FREE Full text] [doi: 10.2196/jmir.3469]
[Medline: 25131661]

10. Ferguson T, Olds T, Curtis R, Blake H, Crozier AJ, Dankiw K, et al. Effectiveness of wearable activity trackers to increase
physical activity and improve health: a systematic review of systematic reviews and meta-analyses. Lancet Digit Health.
2022;4(8):e615-e626. [FREE Full text] [doi: 10.1016/S2589-7500(22)00111-X] [Medline: 35868813]

11. Laranjo L, Ding D, Heleno B, Kocaballi B, Quiroz JC, Tong HL, et al. Do smartphone applications and activity trackers
increase physical activity in adults? systematic review, meta-analysis and metaregression. Br J Sports Med.
2021;55(8):422-432. [doi: 10.1136/bjsports-2020-102892] [Medline: 33355160]

12. Larsen RT, Wagner V, Korfitsen CB, Keller C, Juhl CB, Langberg H, et al. Effectiveness of physical activity monitors in
adults: systematic review and meta-analysis. BMJ. 2022;376:e068047. [FREE Full text] [doi: 10.1136/bmj-2021-068047]
[Medline: 35082116]

13. Ridgers ND, Timperio A, Brown H, Ball K, Macfarlane S, Lai SK, et al. Wearable activity tracker use among Australian
adolescents: usability and acceptability study. JMIR Mhealth Uhealth. 2018;6(4):e86. [FREE Full text] [doi:
10.2196/mhealth.9199] [Medline: 29643054]

14. Brickwood KJ, Williams AD, Watson G, O'Brien J. Older adults' experiences of using a wearable activity tracker with
health professional feedback over a 12-month randomised controlled trial. Digit Health. 2020;6:2055207620921678. [FREE
Full text] [doi: 10.1177/2055207620921678] [Medline: 32426152]

JMIR Mhealth Uhealth 2024 | vol. 12 | e51216 | p. 12https://mhealth.jmir.org/2024/1/e51216
(page number not for citation purposes)

Takano et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mhealth_v12i1e51216_app1.docx&filename=d84af6dc61d04d99b2380089619652b7.docx
https://jmir.org/api/download?alt_name=mhealth_v12i1e51216_app1.docx&filename=d84af6dc61d04d99b2380089619652b7.docx
https://jmir.org/api/download?alt_name=mhealth_v12i1e51216_app2.pdf&filename=fc31579aefc6cc6475e339ee670e794c.pdf
https://jmir.org/api/download?alt_name=mhealth_v12i1e51216_app2.pdf&filename=fc31579aefc6cc6475e339ee670e794c.pdf
http://dx.doi.org/10.1016/S0140-6736(12)60646-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22818937&dopt=Abstract
http://dx.doi.org/10.1080/08870446.2017.1325486
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28554222&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-022-02067-3
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-022-02067-3
http://dx.doi.org/10.1186/s13643-022-02067-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36085250&dopt=Abstract
https://europepmc.org/abstract/MED/29506209
http://dx.doi.org/10.1093/tbm/iby010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29506209&dopt=Abstract
https://core.ac.uk/reader/191129821?utm_source=linkout
http://dx.doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23512568&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-11523-z
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-11523-z
http://dx.doi.org/10.1186/s12889-021-11523-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34362319&dopt=Abstract
https://europepmc.org/abstract/MED/33571107
http://dx.doi.org/10.1073/pnas.2016632118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33571107&dopt=Abstract
http://dx.doi.org/10.1016/j.amjcard.2016.09.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27889045&dopt=Abstract
https://www.jmir.org/2014/8/e192/
http://dx.doi.org/10.2196/jmir.3469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25131661&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2589-7500(22)00111-X
http://dx.doi.org/10.1016/S2589-7500(22)00111-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35868813&dopt=Abstract
http://dx.doi.org/10.1136/bjsports-2020-102892
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33355160&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=35082116
http://dx.doi.org/10.1136/bmj-2021-068047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35082116&dopt=Abstract
https://mhealth.jmir.org/2018/4/e86/
http://dx.doi.org/10.2196/mhealth.9199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29643054&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2055207620921678?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://journals.sagepub.com/doi/10.1177/2055207620921678?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2055207620921678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32426152&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


15. Mercer K, Giangregorio L, Schneider E, Chilana P, Li M, Grindrod K. Acceptance of commercially available wearable
activity trackers among adults aged over 50 and with chronic illness: a mixed-methods evaluation. JMIR Mhealth Uhealth.
2016;4(1):e7. [FREE Full text] [doi: 10.2196/mhealth.4225] [Medline: 26818775]

16. Rossi A, Frechette L, Miller D, Miller E, Friel C, van Arsdale A, et al. Acceptability and feasibility of a fitbit physical
activity monitor for endometrial cancer survivors. Gynecol Oncol. 2018;149(3):470-475. [doi: 10.1016/j.ygyno.2018.04.560]
[Medline: 29692337]

17. Lindgren T, Hooper J, Fukuoka Y. Perceptions and experiences of women participating in a digital technology-based
physical activity intervention (the mPED trial): qualitative study. JMIR Public Health Surveill. 2019;5(4):e13570. [FREE
Full text] [doi: 10.2196/13570] [Medline: 31859677]

18. Pelletier C, Gagnon MP, Alméras N, Després JP, Poirier P, Tremblay A, et al. Using an activity tracker to increase motivation
for physical activity in patients with type 2 diabetes in primary care: a randomized pilot trial. Mhealth. 2021;7:59. [FREE
Full text] [doi: 10.21037/mhealth-20-154] [Medline: 34805390]

19. Peterson NE, Bate DA, Macintosh JL, Trujillo Tanner C. Wearable activity trackers that motivate women to increase
physical activity: mixed methods study. JMIR Form Res. 2023;7:e48704. [FREE Full text] [doi: 10.2196/48704] [Medline:
38096000]

20. St Fleur RG, St George SM, Leite R, Kobayashi M, Agosto Y, Jake-Schoffman DE. Use of fitbit devices in physical activity
intervention studies across the life course: narrative review. JMIR Mhealth Uhealth. 2021;9(5):e23411. [FREE Full text]
[doi: 10.2196/23411] [Medline: 34047705]

21. Burke LE, Wang J, Sevick MA. Self-monitoring in weight loss: a systematic review of the literature. J Am Diet Assoc.
2011;111(1):92-102. [FREE Full text] [doi: 10.1016/j.jada.2010.10.008] [Medline: 21185970]

22. Dombrowski SU, Sniehotta FF, Avenell A, Johnston M, MacLennan G, Araújo-Soares V. Identifying active ingredients
in complex behavioural interventions for obese adults with obesity-related co-morbidities or additional risk factors for
co-morbidities: a systematic review. Health Psychology Review. 2012;6(1):7-32. [doi: 10.1080/17437199.2010.513298]

23. Bartels SL, van Knippenberg RJM, Dassen FCM, Asaba E, Patomella AH, Malinowsky C, et al. A narrative synthesis
systematic review of digital self-monitoring interventions for middle-aged and older adults. Internet Interv. 2019;18:100283.
[FREE Full text] [doi: 10.1016/j.invent.2019.100283] [Medline: 31890630]

24. Michie S, Abraham C, Whittington C, McAteer J, Gupta S. Effective techniques in healthy eating and physical activity
interventions: a meta-regression. Health Psychol. 2009;28(6):690-701. [doi: 10.1037/a0016136] [Medline: 19916637]

25. Baretta D, Bondaronek P, Direito A, Steca P. Implementation of the goal-setting components in popular physical activity
apps: review and content analysis. Digit Health. 2019;5:2055207619862706. [FREE Full text] [doi:
10.1177/2055207619862706] [Medline: 31360535]

26. Tong HL, Laranjo L. The use of social features in mobile health interventions to promote physical activity: a systematic
review. NPJ Digit Med. 2018;1:43. [FREE Full text] [doi: 10.1038/s41746-018-0051-3] [Medline: 31304323]

27. Oba T, Takano K, Katahira K, Kimura K. Use patterns of smartphone apps and wearable devices supporting physical
activity and exercise: large-scale cross-sectional survey. JMIR Mhealth Uhealth. 2023;11:e49148. [FREE Full text] [doi:
10.2196/49148] [Medline: 37997790]

28. Mendiola MF, Kalnicki M, Lindenauer S. Valuable features in mobile health apps for patients and consumers: content
analysis of apps and user ratings. JMIR Mhealth Uhealth. 2015;3(2):e40. [FREE Full text] [doi: 10.2196/mhealth.4283]
[Medline: 25972309]

29. Marcus BH, Simkin LR. The stages of exercise behavior. J Sports Med Phys Fitness. 1993;33(1):83-88. [Medline: 8350613]
30. Østerlie O, Løhre A, Haugan G. The Situational Motivational Scale (SIMS) in physical education: a validation study among

Norwegian adolescents. Cogent Educ. 2019;6(1):A.
31. Whitehead AL, Julious SA, Cooper CL, Campbell MJ. Estimating the sample size for a pilot randomised trial to minimise

the overall trial sample size for the external pilot and main trial for a continuous outcome variable. Stat Methods Med Res.
2016;25(3):1057-1073. [FREE Full text] [doi: 10.1177/0962280215588241] [Medline: 26092476]

32. Physical activity standards for health promotion. Ministry of Health, Labor and Welfare. 2013. URL: https://www.
e-healthnet.mhlw.go.jp/information/policy/guidelines_2013.html [accessed 2023-01-23]

33. Oka K. Stages of change for exercise behavior and self-efficacy for exercise among middle-aged adults. Nihon Koshu Eisei
Zasshi. 2003;50(3):208-215. [Medline: 12704833]

34. Oka K, Hirai K, Tsutsumi T. Psychological factors associated with physical inactivity among middle-aged adults: decisional
balance for exercise. Jpn J Behav Med. 2003;9(1):23-30. [doi: 10.11331/jjbm.9.23]

35. Reed GR, Velicer WF, Prochaska JO, Rossi JS, Marcus BH. What makes a good staging algorithm: examples from regular
exercise. Am J Health Promot. 1997;12(1):57-66. [doi: 10.4278/0890-1171-12.1.57] [Medline: 10170436]

36. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, Ainsworth BE, et al. International physical activity
questionnaire: 12-country reliability and validity. Med Sci Sports Exerc. 2003;35(8):1381-1395. [doi:
10.1249/01.MSS.0000078924.61453.FB] [Medline: 12900694]

37. Murase N, Katsumura T, Ueda C, Inoue S, Shimomitsu T. Validity and reliability of Japanese version of International
Physical Activity Questionnaire. J Health Welf Stat. 2002;49(11):1-9.

JMIR Mhealth Uhealth 2024 | vol. 12 | e51216 | p. 13https://mhealth.jmir.org/2024/1/e51216
(page number not for citation purposes)

Takano et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://mhealth.jmir.org/2016/1/e7/
http://dx.doi.org/10.2196/mhealth.4225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26818775&dopt=Abstract
http://dx.doi.org/10.1016/j.ygyno.2018.04.560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29692337&dopt=Abstract
https://publichealth.jmir.org/2019/4/e13570/
https://publichealth.jmir.org/2019/4/e13570/
http://dx.doi.org/10.2196/13570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31859677&dopt=Abstract
https://europepmc.org/abstract/MED/34805390
https://europepmc.org/abstract/MED/34805390
http://dx.doi.org/10.21037/mhealth-20-154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34805390&dopt=Abstract
https://formative.jmir.org/2023//e48704/
http://dx.doi.org/10.2196/48704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38096000&dopt=Abstract
https://mhealth.jmir.org/2021/5/e23411/
http://dx.doi.org/10.2196/23411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34047705&dopt=Abstract
https://europepmc.org/abstract/MED/21185970
http://dx.doi.org/10.1016/j.jada.2010.10.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21185970&dopt=Abstract
http://dx.doi.org/10.1080/17437199.2010.513298
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(19)30092-2
http://dx.doi.org/10.1016/j.invent.2019.100283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31890630&dopt=Abstract
http://dx.doi.org/10.1037/a0016136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19916637&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2055207619862706?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/2055207619862706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31360535&dopt=Abstract
https://doi.org/10.1038/s41746-018-0051-3
http://dx.doi.org/10.1038/s41746-018-0051-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31304323&dopt=Abstract
https://mhealth.jmir.org/2023//e49148/
http://dx.doi.org/10.2196/49148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37997790&dopt=Abstract
https://mhealth.jmir.org/2015/2/e40/
http://dx.doi.org/10.2196/mhealth.4283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25972309&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8350613&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/0962280215588241?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/0962280215588241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26092476&dopt=Abstract
https://www.e-healthnet.mhlw.go.jp/information/policy/guidelines_2013.html
https://www.e-healthnet.mhlw.go.jp/information/policy/guidelines_2013.html
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12704833&dopt=Abstract
http://dx.doi.org/10.11331/jjbm.9.23
http://dx.doi.org/10.4278/0890-1171-12.1.57
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10170436&dopt=Abstract
http://dx.doi.org/10.1249/01.MSS.0000078924.61453.FB
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12900694&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


38. Matsumoto H, Taniguchi A, Nishida J. A revised self-determined motivation scale for exercise with integrated regulation
inclusion. J Health Psychol Res. 2021;34(1):13-22. [doi: 10.11560/jhpr.200608129]

39. Ryan RM, Deci EL. Intrinsic and extrinsic motivations: classic definitions and new directions. Contemp Educ Psychol.
2000;25(1):54-67. [doi: 10.1006/ceps.1999.1020] [Medline: 10620381]

40. Exkuma. URL: https://exkuma.com/ [accessed 2023-07-25]
41. Lonsdale C, Sabiston CM, Taylor IM, Ntoumanis N. Measuring student motivation for physical education: examining the

psychometric properties of the Perceived Locus of Causality Questionnaire and the Situational Motivation Scale. Psychology
of Sport and Exercise. 2011;12(3):284-292. [doi: 10.1016/j.psychsport.2010.11.003]

42. Rodrigues F, Cid L, Faustino T, Monteiro D. The situational motivation scale in the exercise context: construct validity,
factor structure, and correlational analysis. Curr Psychol. 2021;42:4811-4820.

43. Lakens D. Calculating and reporting effect sizes to facilitate cumulative science: a practical primer for t-tests and ANOVAs.
Front Psychol. 2013;4:863. [FREE Full text] [doi: 10.3389/fpsyg.2013.00863] [Medline: 24324449]

44. Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-effects models using. J. Stat. Soft. 2015;67(1):48. [doi:
10.18637/jss.v067.i01]

45. Kuznetsova A, Brockhoff PB, Christensen RHB. Package: tests in linear mixed effects models. J. Stat. Soft. 2017;82(13):1-27.
[doi: 10.18637/jss.v082.i13]

46. Kaye M. Fitbitr: Interface with the 'Fitbit' API. 2023. URL: https://cran.r-project.org/web/packages/fitbitr/index.html
[accessed 2023-06-07]

47. Bassett DR, Toth LP, LaMunion SR, Crouter SE. Step counting: a review of measurement considerations and health-related
applications. Sports Med. 2017;47(7):1303-1315. [FREE Full text] [doi: 10.1007/s40279-016-0663-1] [Medline: 28005190]

48. Mauch CE, Edney SM, Viana JNM, Gondalia S, Sellak H, Boud SJ, et al. Precision health in behaviour change interventions:
a scoping review. Prev Med. 2022;163:107192. [FREE Full text] [doi: 10.1016/j.ypmed.2022.107192] [Medline: 35963310]

49. Locke EA, Latham GP. New directions in goal-setting theory. Curr Dir Psychol Sci. 2016;15(5):265-268. [doi:
10.1111/j.1467-8721.2006.00449.x]

50. Lewey J, Murphy S, Zhang D, Putt ME, Elovitz MA, Riis V, et al. Effectiveness of a text-based gamification intervention
to improve physical activity among postpartum individuals with hypertensive disorders of pregnancy: a randomized clinical
trial. JAMA Cardiol. 2022;7(6):591-599. [FREE Full text] [doi: 10.1001/jamacardio.2022.0553] [Medline: 35442393]

51. Patel MS, Small DS, Harrison JD, Fortunato MP, Oon AL, Rareshide CAL, et al. Effectiveness of behaviorally designed
gamification interventions with social incentives for increasing physical activity among overweight and obese adults across
the united states: the STEP UP randomized clinical trial. JAMA Intern Med. 2019;179(12):1624-1632. [FREE Full text]
[doi: 10.1001/jamainternmed.2019.3505] [Medline: 31498375]

52. Zamarripa J, Castillo I, Baños R, Delgado M, Álvarez O. Motivational regulations across the stages of change for exercise
in the general population of monterrey (Mexico). Front Psychol. 2018;9:2368. [FREE Full text] [doi:
10.3389/fpsyg.2018.02368] [Medline: 30559693]

53. Schroé H, van Dyck D, de Paepe A, Poppe L, Loh WW, Verloigne M, et al. Which behaviour change techniques are effective
to promote physical activity and reduce sedentary behaviour in adults: a factorial randomized trial of an e- and m-health
intervention. Int J Behav Nutr Phys Act. 2020;17(1):127. [FREE Full text] [doi: 10.1186/s12966-020-01001-x] [Medline:
33028335]

Abbreviations
BCT: behavior change technique
IPAQ-SF: International Physical Activity Questionnaire—Short Form
METs-h/w: hourly metabolic equivalents per week
PA: physical activity
SMD: standardized mean difference
SMSE: Self-determined Motivation Scale for Exercise
SoC: Stage of Change

JMIR Mhealth Uhealth 2024 | vol. 12 | e51216 | p. 14https://mhealth.jmir.org/2024/1/e51216
(page number not for citation purposes)

Takano et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.11560/jhpr.200608129
http://dx.doi.org/10.1006/ceps.1999.1020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10620381&dopt=Abstract
https://exkuma.com/
http://dx.doi.org/10.1016/j.psychsport.2010.11.003
https://europepmc.org/abstract/MED/24324449
http://dx.doi.org/10.3389/fpsyg.2013.00863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24324449&dopt=Abstract
http://dx.doi.org/10.18637/jss.v067.i01
http://dx.doi.org/10.18637/jss.v082.i13
https://cran.r-project.org/web/packages/fitbitr/index.html
https://europepmc.org/abstract/MED/28005190
http://dx.doi.org/10.1007/s40279-016-0663-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28005190&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0091-7435(22)00241-9
http://dx.doi.org/10.1016/j.ypmed.2022.107192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35963310&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-8721.2006.00449.x
https://europepmc.org/abstract/MED/35442393
http://dx.doi.org/10.1001/jamacardio.2022.0553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35442393&dopt=Abstract
https://europepmc.org/abstract/MED/31498375
http://dx.doi.org/10.1001/jamainternmed.2019.3505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31498375&dopt=Abstract
https://europepmc.org/abstract/MED/30559693
http://dx.doi.org/10.3389/fpsyg.2018.02368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30559693&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-020-01001-x
http://dx.doi.org/10.1186/s12966-020-01001-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33028335&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by L Buis; submitted 26.07.23; peer-reviewed by S Phillips, Kristie-Lee Alfrey; comments to author 08.01.24; revised version
received 28.02.24; accepted 22.03.24; published 12.07.24

Please cite as:
Takano K, Oba T, Katahira K, Kimura K
Deconstructing Fitbit to Specify the Effective Features in Promoting Physical Activity Among Inactive Adults: Pilot Randomized
Controlled Trial
JMIR Mhealth Uhealth 2024;12:e51216
URL: https://mhealth.jmir.org/2024/1/e51216
doi: 10.2196/51216
PMID:

©Keisuke Takano, Takeyuki Oba, Kentaro Katahira, Kenta Kimura. Originally published in JMIR mHealth and uHealth
(https://mhealth.jmir.org), 12.07.2024. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR mHealth and uHealth, is properly cited. The complete
bibliographic information, a link to the original publication on https://mhealth.jmir.org/, as well as this copyright and license
information must be included.

JMIR Mhealth Uhealth 2024 | vol. 12 | e51216 | p. 15https://mhealth.jmir.org/2024/1/e51216
(page number not for citation purposes)

Takano et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://mhealth.jmir.org/2024/1/e51216
http://dx.doi.org/10.2196/51216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

