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Abstract
Background: The use of fitness trackers as tools of self-management to promote physical activity is increasing. However, the
content of fitness trackers remains unexplored.
Objective: The aim of this study was to use the Behavior Change Technique Taxonomy v1 (BCTTv1) to examine if swim-proof
fitness trackers below Aus $150 incorporate behavior change techniques (BCTs) that relate to self-management strategies to
increase physical activity and reduce sedentary behavior and to determine if content of the fitness trackers correspond to physical
activity guidelines.
Methods: A total of 2 raters used the BCTTv1 to code 6 fitness trackers that met the inclusion criteria. The inclusion criteria
were the ability to track activity, be swim proof, be compatible with Android and Apple operating systems, and cost below Aus
$150.
Results: All fitness trackers contained BCTs known to promote physical activity, with the most frequently used BCTs overlapping
with self-management strategies, including goal setting, self-monitoring, and feedback on behavior. Fitbit Flex 2 (Fitbit Inc)
contained the most BCTs at 20. Huawei Band 2 Pro (Huawei Technologies) and Misfit Shine 2 (Fossil Group) contained the least
BCTs at 11.
Conclusions: Fitness trackers contain evidence-based BCTs that overlap with self-management strategies, which have been
shown to increase physical activity and reduce sedentary behavior. Fitness trackers offer the prospect for physical activity
interventions that are cost-effective and easily accessed by a wide population.
(JMIR Mhealth Uhealth 2019;7(7):e12768) doi:10.2196/12768
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Introduction
Regular physical activity has many health benefits, but many
individuals are still not meeting the minimum guidelines for
physical activity recommended by the World Health
Organization and various public health organizations [1]. The
inadequate level of physical activity to meet present physical
activity guidelines has been referred to as physical inactivity
[2-4], and it is increasingly being recognized as a major problem
in global health [5,6]. Physical inactivity is considered to be the
fourth leading risk factor for mortality, with an estimated
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contribution of 3.2 million deaths worldwide [4]. Sedentary
behavior is also recognized as a contributing factor to global
health issues [7], and it is defined as “any waking behavior
characterized by an energy expenditure ≤1.5 metabolic
equivalent tasks (METs) while in a sitting or reclining posture”
[8]. Research indicates that prolonged sedentary behavior is
linked to endothelial dysfunction [9], associated with increased
risk of type 2 diabetes [10,11] and mortality because of
cardiovascular disease [12,13]. Although being sedentary can
contribute to higher levels of inactivity, it is not synonymous
with physical inactivity. It is also not the inverse of physical
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activity. For example, individuals who run for 40 min in the
morning and then spend the rest of their day sitting are
considered to be physically active (having met the minimum
guidelines for physical activity) and sedentary, whereas those
who spend their day standing and do not engage in other
physical activity are considered to be physically inactive but
not sedentary. Health organizations have recognized the need
to address physical activity and sedentary behavior as separate
constructs, and they have included sedentary behavior
recommendations along with physical activity guidelines
[14-16].
Interventions to decrease both physical inactivity and sedentary
behavior are much needed. They should be affordable and
accessible across population groups, which is particularly
pertinent, given the higher prevalence of physical inactivity and
sedentary behavior documented in those with less education
and lower socioeconomic status [17,18]. Behavioral
interventions that include self-management strategies to promote
physical activity are emerging. Systematic reviews and
meta-analyses have found that behavioral change techniques
related to self-management strategies were effective in
increasing physical activity in young and middle-age adults
[19-22], older adults [23], and overweight and obese adults
[24,25]. Furthermore, techniques related to self-management
were found to be linked to maintenance of physical activity
behavior [19], and these were also effective in reducing
sedentary behavior [26]. The use of wearable fitness trackers
as tools for self-management in physical activity interventions
[27-30] is growing. These fitness trackers are typically worn
on the body and are able to monitor and track statistics, such as
distance walked or ran, number of steps taken, and calorie
expenditure. Some fitness trackers are able to offer coaching
and feedback during activities and provide prompts to engage
in activity. Studies that examined the use of fitness trackers
have shown them to be effective in increasing physical activity
with adults who are inactive [31], sedentary [32], overweight
and obese [33,34], patients with chronic illness, such as cancer
[35-38], and older adults [39-42]. Behavior change techniques
(BCTs) are observable, replicable, and irreducible components
of interventions that can bring about behavioral change [43,44],
including increased physical activity [19,45,46]. Taxonomies
to identify BCTs have been developed and refined over the
years, with the latest being the Behavior Change Technique
Taxonomy v1 (BCTTv1). The BCTTv1 contains 93 distinct
BCTs, and it can be used across behaviors and disciplines [47].
As individual BCTs are seldom applied in isolation, the
combination of BCTs has been a topic of focus in recent studies.
In terms of interventions to promote physical activity, it was
found that the effectiveness of such interventions was enhanced
when a self-monitoring BCT was combined with other
self-management–related BCTs, such as goal setting, feedback
on performance, and review of behavioral goals [20,48]. This
combination of self-management–related BCTs has also been
posited to contribute to maintenance of behavior change [49,50].
Another combination of BCTs that supports maintenance of
change in physical activity includes BCTs that address
capability, such as instruction or demonstration of behavior,
and provide information about the significance of behavior
change [25]. Furthermore, a meta-analysis that examined the
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effects of physical activity interventions found that a
combination of at least 3 BCT clusters out of the 16 specific
BCT clusters from the BCTTv1 was required within physical
activity interventions to yield significant effects [51]. With the
increasing use of fitness trackers as self-management tools to
promote physical activity and reduce sedentary behavior, the
lack of studies investigating their use of evidence-based
techniques for behavioral change is surprising. Findings from
the few studies that have investigated the use of BCTs in fitness
trackers have shown that fitness trackers contained
evidenced-based BCTs that supported users to increase physical
activity [52-55]. Most of these BCTs were based around
self-management strategies, mostly targeting physical activity
rather than sedentary behavior [54]. Some aspects not addressed
by these previous studies were the affordability of activity
trackers and whether they corresponded to physical activity
guidelines. Affordable and accessible interventions are much
needed, particularly for individuals from low socioeconomic
backgrounds who have been reported to be more inactive and
sedentary [17,18]. This study assessed fitness trackers below
Aus $150 that are suitable for both land and water activities
(henceforth swim proof), as identified on their official product
websites, to address affordability and accessibility in terms of
a wider coverage of activity types. The objective of this study
was to examine if swim-proof fitness trackers below Aus $150
(1) incorporate BCTs that relate to self-management strategies,
such as stimulus control, self-monitoring, and self-delivery of
consequences, which have been linked to increased physical
activity and reduced sedentary behavior, and the objective of
this study was to (2) determine if they correspond to physical
activity guidelines, particularly the accumulation of at least 150
min of moderate-to-vigorous physical activity per week and the
reduction of sedentary behavior by minimizing the amount of
prolonged sitting.

Methods
Search Strategy
Various brands of fitness trackers were identified on the basis
of listings from 4 websites (CNET, TechRadar, Wareable, and
AllThingsWaterproof). A list of their corresponding webpages
about fitness trackers was created on January 9, 2018. The
official product websites for each brand of fitness trackers were
reviewed to identify the various models of fitness trackers
pertaining to each brand. Each identified fitness tracker was
assessed for the following inclusion and exclusion criteria
through reviewing the specifications of each fitness tracker on
its official product website.

Inclusion Criteria
Inclusion criteria for the fitness trackers were the following: (1)
be able to track or monitor activity (eg, number of steps taken,
minutes spent in swimming), (2) be swim proof, (3) be
compatible with both Android and Apple operating systems,
and (4) cost below Aus $150.

Coding Procedure
A total of 2 raters, the first author (GC) and an independent
researcher (PP), wore each of the fitness trackers for a week
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and downloaded and used companion apps of each fitness
tracker on a smartphone. The fitness trackers and their
companion apps were coded using the BCTTv1 coding manual,
which contains labels, descriptions, and examples of each BCT.
The raters also read the manual of each fitness tracker to ensure
that no functions of the fitness tracker were left unnoticed and
unassessed. Each BCT was coded using a dichotomous score
of either 0 (not present) or 1 (present). Any coding
disagreements were discussed between the 2 raters until an
agreement was reached. To support study objectives, BCTs
were only coded when they were applied to target behaviors of
increasing physical activity or reducing sedentary behavior.
BCTs that targeted other behaviors (eg, diet or sleep) were not
coded. Before assessing the fitness trackers and their companion
apps, the main author completed the Web-based BCTTv1
training through the official website and trained the other rater
to use the BCTTv1 taxonomy. After this, a test for calibration
was conducted, where the mobile app Runkeeper was coded
using the BCTTv1 taxonomy. This app was chosen as it was
found to contain the highest number of BCTs in a review of
apps to promote physical activity in adults [56]. Furthermore,
by using an app, the 2 raters were able to access the app and
conduct the calibration process concurrently. Any ambiguous
descriptors or definitions from the BCTTv1 taxonomy were
discussed between the 2 raters until an agreement was reached
during the calibration process.

Materials
The 6 fitness trackers that were included in this study were the
Fitbit Flex 2 (Fitbit Inc), Huawei Band 2 Pro (Huawei
Technologies), Misfit Shine 2 (Fossil Group), Moov Now (Moov
Inc), Nokia Go (Withings), and Polar A300 (Polar Electro). The
companion app of each fitness tracker was downloaded to an
Apple iPhone 8 and a Samsung J5 Pro smartphone. Record
forms were used to document the results from the data analysis
of each fitness tracker. Each form included a table containing
labels, definitions, and examples of each BCT from the BCTTv1
coding manual, as well as a 0 and 1 against each BCT for the
raters to mark the absence or presence of the BCT.

Data Analysis
Descriptive statistics were used to summarize the BCTTv1
ratings of the fitness trackers. Interrater reliability was calculated
by dividing the number of agreements plus disagreements and
multiplying by a hundred. To assess the relationship between
the cost of fitness trackers and the number of BCTs incorporated,
a Pearson correlation coefficient was computed via SPSS
Version 26 (IBM), using an alpha of .05 to determine statistical
significance.

Results
Fitness Tracker Selection
A total of 39 fitness trackers were identified across 14 brands
as shown in Figure 1. These 39 fitness trackers were assessed
by reviewing their specifications on their official product
website, and 12 of them were considered eligible for inclusion.
Of the eligible 12 fitness trackers, 6 fitness trackers were
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variants of others from similar brands. As such, only the latest
model of each brand of fitness tracker was retained, leaving a
total of 6 fitness trackers for BCT analysis.

Presence of Behavior Change Techniques
The definition of each BCT is provided in Multimedia Appendix
1. The number and type of BCTs included in each fitness tracker
were evaluated, and these are summarized in Tables 1 and 2.
The interrater reliability for evaluating the presence of BCTs
measured by percent of agreement was 100%. Disagreements
were resolved through discussion. The cost, number of BCT
clusters as identified by the BCTTv1 classification, and the
number of self-management and nonself-management BCTs
incorporated in each fitness tracker are outlined in Table 1.
The average number of BCT clusters included in each fitness
tracker was 12, ranging from 6 to 9. The Fitbit Flex 2 and Nokia
Go had the highest number of BCT clusters (n=9), followed by
Huawei Band 2 Pro (n=8). Misfit Shine 2 had the lowest number
of BCT clusters (n=6). The most common BCT cluster
incorporated across all fitness trackers was goals and planning
(mean BCTs incorporated=25%), followed by feedback and
monitoring (mean BCTs incorporated=15.5%), antecedents
(mean BCTs incorporated=14.3%), and reward and threat (mean
BCTs incorporated=13.1%), as shown in Figure 2. The average
number of BCTs per fitness tracker was 14, ranging from 11 to
20. The Fitbit Flex 2 had the highest number of BCTs (n=20),
followed closely by Nokia Go (n=19). The Huawei Band 2 Pro
and Misfit Shine 2 had the lowest number of BCTs (n=11). The
Fitbit Flex 2 incorporated the most number of BCTs related to
self-management strategies (n=14), followed by Nokia Go
(n=12). Huawei Band 2 Pro and Polar A300 contained the least
number of BCTs related to self-management strategies (n=9).
The names and types of BCTs incorporated in each fitness
tracker are outlined in Table 2.
A total of 6 BCTs out of the total 93 were present in every
fitness tracker. These 6 BCTs were discrepancies between
current behavior and goal, feedback on behavior,
self-monitoring of behavior, feedback on outcomes of behavior,
adding objects to the environment, and body changes. A total
of 8 BCTs were present in 50% or more of the fitness trackers.
These were goal setting of behavior (n=5), goal setting of
outcomes (n=3), self-monitoring of outcomes of behavior (n=3),
information about health consequences (n=4), social comparison
(n=5), prompts and cues (n=5), social reward (n=4), and social
incentive (n=3). The BCTs that were present in fewer than 50%
of the fitness trackers were action planning (n=1), social support
unspecified (n=1), instruction on how to perform behavior (n=2),
monitoring of emotional consequences (n=1), information about
emotional consequences (n=2), demonstration of behavior (n=2),
behavioral practice and rehearsal (n=1), habit formation (n=1),
graded tasks (n=1), credible source (n=2), incentive outcome
(n=1), and reward outcome (n=2). A Pearson correlation
coefficient was computed to assess the relationship between the
cost of fitness trackers and the number of BCTs incorporated.
There was a nonsignificant correlation (r=0.21, n=6, P=.69)
between cost of fitness trackers and the number of BCTs
incorporated.
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Figure 1. Flow diagram describing the fitness tracker search and selection process.

Table 1. Cost and the number of behavior change techniques incorporated in each fitness tracker.

a

Fitness tracker

Recommended retail
price (Aus $)

BCTa clusters included BCTs included (% of
(% of total 16 clusters), total 93 BCTs), n (%)
n (%)

BCTs related to selfBCTs not related to
management strategies, self-management
n
strategies, n

Fibit Flex 2

149.95

9 (56)

20 (21)

14

6

Polar A300

149

7 (44)

12 (13)

9

3

Misfit Sine 2

107.77

6 (38)

11 (12.8)

10

1

Huawei Band 2 Pro

98

8 (50)

11 (12.8)

9

2

Nokia Go

89.95

9 (56)

19 (20)

12

7

Moov Now

78.26

7 (44)

13 (14)

10

3

BCT: behavior change technique.
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Table 2. Behavior change techniques’ effect in increasing physical activity included in each fitness tracker.
Behavior change techniques

Fitbit Flex 2

Huawei
Band 2 Pro

Misfit Shine 2 Moov Now

Nokia Go

Polar A300

Behavior change techniques related to self-management strategies
Antecedents
Adding objects to the environment

✓a

✓

✓

✓

✓

✓

Body changes

✓

✓

✓

✓

✓

✓

Prompts/ or cues

✓

✓

✓

—b

✓

✓

Goal setting (behavior)

✓

✓

—

✓

✓

✓

Goal setting (outcome)

✓

—

✓

—

✓

—

Graded tasks

—

—

—

✓

—

—

Self-monitoring of behavior

✓

✓

✓

✓

✓

✓

Self-monitoring of outcome(s) of behavior

✓

—

✓

—

✓

—

Feedback on behavior

✓

✓

✓

✓

✓

✓

Feedback on outcome(s) of behavior

✓

✓

✓

✓

✓

✓

Discrepancy between current behavior and goal

✓

✓

✓

✓

✓

✓

Social reward

✓

✓

—

✓

✓

✓

Social incentive

✓

—

—

✓

✓

—

Reward (outcome)

✓

—

✓

—

—

—

Incentive (outcome)

✓

—

—

—

—

—

Self-monitoring and self-evaluation

Self-delivery of consequences

Behavior change techniques not related to self-management strategies
Information about health consequences

✓

✓

—

—

✓

✓

Information about emotional consequences

✓

—

—

—

✓

—

Instruction on how to perform a behavior

✓

—

—

✓

—

—

Demonstration of the behavior

✓

—

—

✓

—

—

Behavior practice and rehearsal

—

—

—

—

✓

—

Action Planning

—

—

—

—

✓

—

Habit Formation

—

—

—

—

✓

—

Credible Source

✓

✓

—

—

—

—

Social Comparison

✓

—

✓

✓

✓

✓

Social Support

—

—

—

—

✓

—

Monitoring of emotional consequences

—

—

—

—

—

✓

20

11

11

13

19

12

Total
a

✓: behavior change technique found in the fitness tracker.

b

—: behavior change technique not found in the fitness tracker.
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Figure 2. Mean percentage of behavior change technique clusters incorporated across all fitness trackers.

Presence of Behavior Change Techniques Related to
Self-management Strategies
All fitness trackers incorporated components of
self-management strategies to target participation in physical
activity. These self-management components included goal
setting, self-monitoring, and self-evaluation of activity in
relation to goals, providing feedback of progress toward goals,
and providing rewards on meeting goals.

Antecedents
Antecedent-based self-management strategies involve the
manipulation stimuli, such as the environment or motivating
operations, to increase the desired behavior [57]. All fitness
trackers incorporated antecedent-based BCTs. Each fitness
tracker device was a stimulus that was added to the environment,
and 5 fitness trackers (Fitbit Flex 2, Huawei Band 2 Pro, Misfit
Shine 2, Nokia Go and, Polar A300) provided prompts as
reminders to be physically active. Prompts were inactivity alerts
through vibration and flashing lights on the fitness tracker
device, as well as push notifications on the app to go for planned
activities or to hit target goals. All fitness trackers incorporated
BCTs of goal setting to increase physical activity. Goal setting
was achieved using the companion apps of the fitness trackers.
A total of 5 fitness trackers (Fitbit Flex 2, Huawei Band 2 Pro,
Moov Now, Nokia Go, and Polar A300) incorporated goal
setting of behavior, such as setting the number of steps taken
per day or distance covered. A total of 3 fitness trackers (Fitbit
Flex 2, Misfit Shine 2, and Nokia Go) incorporated goal setting
of outcomes, which allowed users to set a target weight. Only
Moov Now incorporated graded tasks, in which a new goal of
increased steps was suggested on the app when the previous
goal had been achieved.

Self-Monitoring and Self-Evaluation
Self-monitoring related BCTs were incorporated in all fitness
trackers. All fitness tracker apps automatically tracked the
number of steps taken and allowed users to manually record
other nonstep physical activities, such as swimming, cycling,
and weight training. A total of 3 fitness trackers (Fitbit Flex 2,
http://mhealth.jmir.org/2019/7/e12768/
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Misfit Shine 2, and Nokia Go) provided the functionality for
users to record their weight using the companion apps.
Feedback on current behavior, such as duration of physical
activity, number of steps taken, and distance covered, as well
as number of calories burned, were presented on all fitness
tracker apps. All fitness trackers also supported self-evaluation
by presenting discrepancies between goals and results of current
behavior through the use of visual indicators, such as bar charts,
progress bars, and doughnut charts. These charts were often
shaded or color coded to indicate proximity to goals, and these
charts were presented on all fitness tracker apps, but they were
presented only on 3 of the 6 fitness tracker devices (Huawei
Band 2 Pro, Nokia Go, and Polar A300).

Self-Delivery of Consequences
All fitness trackers provided rewards to strengthen the target
behavior of increasing physical activity. A total of 5 fitness
trackers (Fitbit Flex 2, Huawei Band 2 Pro, Moov Now, Nokia
Go, and Polar A300) incorporated social reward, which
comprised congratulatory notifications and badges presented
through the app when behavioral goals (eg, number of steps)
were met. A total of 3 fitness trackers (Fitbit Flex 2, Moov Now,
and Nokia Go) incorporated social incentive, which comprised
presenting badges that users can unlock or earn on the apps. A
total of 2 fitness trackers (Fitbit Flex 2 and Misfit Shine 2)
incorporated reward outcome, which comprised congratulatory
messages through the app, as well as vibration and animating
lights on the device when outcomes of goals (eg, points earned
through physical activity, calories burned) were met. Only the
Fitbit Flex 2 incorporated incentive outcome, which comprised
using text to inform users that they will receive celebratory
messages when their goal outcomes (eg, calories burned) were
met. Notably, self-management components found in Fitbit Flex
2, Huawei Band 2 Pro, Misfit Shine 2, and Polar A300 also
targeted inactivity. This was achieved through setting a reminder
to move after an hour of inactivity, which can also be considered
as a form of goal setting and prompting. The devices vibrated
and provided visual prompts as indicators of inactivity. The
Fitbit Flex 2 and Polar A300 also provided feedback through
JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 7 | e12768 | p.6
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visual charts of inactivity on the app, identifying the specific
hour in the day where inactivity occurred.

Presence of Other Behavior Change Technique to
Increase Physical Activity
A total of 11 BCTs that were not related to self-management
strategies were found to be incorporated across the fitness
trackers. A total of 4 fitness trackers (Fibit Flex 2, Huawei Band
2 Pro, Nokia Go, and Polar A300) provided information about
health consequences through textual information on the app
(eg, “put on your running shoes…work up a sweat…it can
improve cardiovascular and respiratory health”). A total of 2
fitness trackers (Fitbit Flex 2 and Nokia Go) incorporated
information about emotional consequences, presented as textual
information on the app (eg, “…boost self-esteem and emotional
state”). A total of 2 fitness trackers (Fitbit Flex 2 and Moov
Now) incorporated the BCT instruction on how to perform
behavior and demonstration of behavior, which were presented
through videos on the app showing movements and describing
the steps to undertake the physical activity. A total of 2 fitness
trackers (Fitbit Flex 2 and Huawei Band 2 Pro) incorporated
credible source, presented as textual information on the app
(eg, “the American heart association recommends…”). All
fitness trackers, except the Huawei Band 2 Pro, incorporated 5,
using leaderboards of steps accumulated. Only the Nokia Go
incorporated the BCTs behavioral practice and rehearsal, action
planning, habit formation, and social support by setting alerts
as prompts for action. Only the Polar A300 incorporated
monitoring of emotional consequences through rating of
emotions using emoticons on the app.

Correspondence to Physical Activity Guidelines
All 6 fitness trackers incorporated BCTs to increase physical
activity, but only 2 fitness trackers (Fitbit Flex 2 and Moov
Now) aligned with public health physical activity guidelines by
including active minutes as a physical activity goal. The Huawei
Band 2 Pro, Misfit shine 2, Nokia Go, and Polar A300 centered
on the number of steps achieved daily as physical activity goals.
A total of 2 fitness trackers (Fitbit Flex 2 and Polar A300)
incorporated BCTs to reduce sedentary behavior, which was
implemented through the BCT information about health
consequences (eg, “sitting for long periods is bad for your blood
circulation, especially in your legs” and “moving regularly
breaks up sedentary time and can improve your well-being”).
The Huawei Band 2 Pro, Misfit shine 2, Moov Now, and Nokia
Go did not specifically target sedentary behavior.

Discussion
Principal Findings
This study aimed to evaluate the use of BCTs in fitness trackers
that are swim proof and cost less than Aus $150. Overall, all
fitness trackers incorporated more than 3 BCT clusters, which
has been shown to produce significant effects in physical activity
interventions [51]. The Fitbit Flex 2 and Nokia Go incorporated
the most BCT clusters. There was a nonsignificant correlation
between the cost of fitness trackers and the number of BCTs
incorporated. The Fitbit Flex 2, which costs Aus $149.95, had
the most BCTs (coded at 20), followed by the Nokia Go, at a
http://mhealth.jmir.org/2019/7/e12768/
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cost of Aus $89.95 with 19 BCTs. In comparison, the Misfit
Shine 2 Pro, which costs Aus $107.77, incorporated the least
number of BCT clusters and BCTs, at 6 and 11, respectively.
The findings indicated that the cost of fitness trackers does not
necessarily reflect or is associated with the number of BCTs
incorporated in them. The BCTs that were frequently
incorporated across the 6 fitness trackers were mostly related
to self-management strategies, such as goal setting,
self-monitoring, self-evaluation (eg, feedback, provision of
discrepancies between current behavior and goal), prompts and
cues, and rewards (eg, social reward) [57]. This finding is similar
to those from previous studies of fitness trackers [52-54] and
apps [56,58] targeting physical activity, and they also overlap
with reviews of BCTs that were rated as important by users of
fitness trackers [55]. Notably, all 6 fitness trackers in this study
incorporated a combination of 9 or more BCTs that were related
to self-management. However, similar to the study by Lyons et
al [52], this study also found that other effective BCTs were
rarely incorporated in fitness trackers. Only Nokia Go contained
the BCTs behavior practice and rehearsal and social support,
through the use of prompts, that have been found to be effective
in increasing physical activity for adults with obesity [24] and
cardiovascular disease [45]. This indicates that certain fitness
trackers may be more effective for particular population groups
because of the types of BCTs incorporated in them. The
combinations of informational and instructional BCTs that have
been found to support maintenance of change in physical activity
were only observed in the Fitbit Flex 2 fitness tracker. The Fitbit
Flex 2 companion app provided links to a separate app called
Fitbit Coach that contained a library of videos to instruct and
model the way to perform various workouts. The Fitbit Flex 2
companion app also provided textual information about health
and emotional benefits of physical activity and sedentary
behavior. It seems that manufacturers of fitness trackers are
more focused on functional features (eg, recording data,
providing prompts) compared with informational and
instructional features. It could be that certain BCTs, such as
features that support self-management through recording
behavioral data, evaluating and providing feedback about
behavior and providing prompts, are better suited to delivery
via wearable technology. There is some support for this
contention in this study in the finding that informational and
instructional BCTs were often presented on the companion apps
instead of the device. A recent study also found that providing
instructions was one of the most frequently implemented BCTs
(17 of 25 apps) in mobile apps that aimed to improve physical
activity and reduce sedentary behavior [59]. These findings are
not surprising, as longer information and instructions might be
more suited to technologies with larger reading screens or audio
outputs, such as computers, tablets, and smartphones. Taken
together, these findings highlight the importance of delivering
BCTs through appropriate technological channels and leveraging
and integrating different technologies to create a more holistic
intervention for promoting physical activity.
Given that the purpose of fitness trackers is to promote physical
activity, it is remarkable that not all fitness trackers assessed in
this study aligned with public health physical activity guidelines.
Physical activity guidelines for adults include engagement of
at least 150 min of moderate-intensity physical activity per
JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 7 | e12768 | p.7
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week, performed in bouts of at least 10 min duration [4,14,60].
Only the Fitbit Flex 2 and Moov Now aligned with public health
physical activity guidelines by including active minutes as a
physical activity goal. Active minutes were calculated only if
activities above 3 METs were detected continuously for 10 min
at a time. Other fitness trackers focused on the number of steps
achieved daily. The tracking of steps is a prominent part of data
collection for most of the fitness trackers in this study. This was
expected, as steps are a fundamental part of daily living, which
might be more easily measured. However, the sole use of steps
to measure physical activity may be insufficient. The tracking
of step counts does not provide information about the intensity
of the activity, which has been indicated to be more beneficial
to health than number of steps taken [61]. Moreover, there has
been a change in the fitness culture over the past decade, in
which the trend for physical activity has been moving away
from step-based activities to spinning (indoor cycling), dance
workouts (eg, Zumba), and body weight training [62-64], as
well as water sports, such as stand-up paddle boarding and
kitesurfing. Although most fitness trackers allow for
self-monitoring of physical activity that is not based on steps,
these data have not been directly incorporated into physical
activity goals. Given the findings from previous studies that
goal setting is an effective BCT to increase physical activity
[25,48] and reduce sedentary behavior [65], it would be optimal
to integrate non-step-based activities into physical activity goals,
as has been achieved by Fitbit Flex 2 and Moov Now, through
the inclusion of active minutes as a goal. Regarding guidelines
to minimize sedentary behavior by minimizing the amount of
prolonged sitting [14-16], only the Fitbit Flex 2 and Polar A300
provided BCTs that directly targeted sedentary behavior in the
form of providing information about health consequences. The
Fitbit Flex 2, Huawei Band 2 Pro, Misfit Shine 2, and Polar
A300 provided prompts to move after detecting inactivity over
1- or 2-hour periods. However, these prompts were based on a
lack of steps detected within that period, instead of detecting
sedentary behavior that has been defined as engaging in a sitting
or reclining posture, with an energy expenditure less than or
equal to 1.5 METs [8]. The authors of a previous study have
coded the prompts of inactivity as targeting a reduction of
sedentary behavior [54]. However, this study adhered to the
definition of sedentary behavior by the Sedentary Behaviour
Research Network [8] and took into account the distinction
between physical inactivity and sedentary behavior in the coding
of BCTs. Furthermore, studies have noted that interventions,
which promote physical activity, do not necessarily have an
effect on reducing sedentary behavior, and techniques that
primarily aimed to change sedentary behavior were more
effective in reducing sedentary behavior [65]. Despite literature
showing that both physical activity and sedentary behavior are
important to good health, it seemed that most developers of
fitness trackers assessed in this study have focused on achieving
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sufficient amount of physical activity, but they have placed less
emphasis on directly reducing sedentary behavior. It could be
that the technology required to detect sitting and reclining
postures is too costly to be incorporated into fitness trackers
within the price range of Aus $150 and below and that a more
cost-effective workaround to target sedentary behavior is to
frequently prompt users to take more steps. Overall, the findings
from this study show that fitness trackers below Aus $150
contain evidence-based BCTs known to promote physical
activity and reduce sedentary behavior. The majority of BCTs
implemented targeted physical activity, and the most frequently
used BCTs overlapped with self-management strategies. This
suggests that fitness trackers offer the prospect for physical
activity interventions that are cost effective and easily accessed
by a wide population. Opportunities to improve the effectiveness
of fitness trackers include incorporating BCTs that facilitate
maintenance of behavior change in physical activity, such as
instruction or demonstration of behavior, and providing
information on the consequences of behavior [24], as well as
incorporating BCTs to target sedentary behavior. Furthermore,
public health physical activity guidelines ought to be used to
inform the type of goals that are incorporated into fitness
trackers.
Although this study highlights that low cost fitness trackers
contain evidence-based BCTs known to promote physical
activity, it is worth noting that only 1 fitness tracker contained
BCTs effective for special population groups, such as adults
with obesity and chronic illnesses. Further work is needed to
determine if these low cost fitness trackers are sufficient as
standalone interventions, especially for these special population
groups.

Strengths and Limitations
The most recent taxonomy of behavioral change techniques was
used to assess the content of the fitness trackers and their
companion apps, and it compared the BCTs to those that have
been found to be successful at improving physical activity, thus
adding to the evidence base for the use of fitness trackers to
support interventions to promote physical activity. This study
focused on fitness trackers that are swim proof and cost less
than Aus $150 to broaden the reach of fitness trackers to the
community in terms of preferred and accessible physical activity,
as well as affordability. A limitation is that the ratings may not
be representative of the most current version of the fitness
trackers assessed in this study because of frequent updates of
fitness trackers and their associated apps. A further limitation
is that this study only included fitness trackers under Aus $150
and did not cover the entire range of fitness trackers available.
The small number of fitness trackers places a limitation on the
calculation of Pearson correlation coefficient to assess the
relationship between the cost of fitness trackers and the number
of BCTs incorporated.

Conflicts of Interest
None declared.

http://mhealth.jmir.org/2019/7/e12768/

XSL• FO
RenderX

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 7 | e12768 | p.8
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Chia et al

Multimedia Appendix 1
Description of behavior change techniques included in each fitness tracker.
[DOCX File, 35KB - mhealth_v7i7e12768_app1.docx ]

References
1.

2.

3.

4.
5.
6.
7.
8.
9.
10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U, Lancet Physical Activity Series Working Group.
Global physical activity levels: surveillance progress, pitfalls, and prospects. Lancet 2012 Jul 21;380(9838):247-257. [doi:
10.1016/S0140-6736(12)60646-1] [Medline: 22818937]
Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT, Lancet Physical Activity Series Working Group. Effect
of physical inactivity on major non-communicable diseases worldwide: an analysis of burden of disease and life expectancy.
Lancet 2012 Jul 21;380(9838):219-229 [FREE Full text] [doi: 10.1016/S0140-6736(12)61031-9] [Medline: 22818936]
Tremblay MS, Leblanc AG, Carson V, Choquette L, Connor GS, Dillman C, Canadian Society for Exercise Physiology.
Canadian physical activity guidelines for the early years (aged 0-4 years). Appl Physiol Nutr Metab 2012 Apr;37(2):345-369.
[doi: 10.1139/h2012-018] [Medline: 22448608]
Global Recommendations on Physical Activity for Health. Geneva: World Health Organisation; 2010.
Blair SN. Physical inactivity: the biggest public health problem of the 21st century. Br J Sports Med 2009 Jan;43(1):1-2.
[doi: 10.1136/bjsm.2009.059360] [Medline: 19136507]
Pratt M, Norris J, Lobelo F, Roux L, Wang G. The cost of physical inactivity: moving into the 21st century. Br J Sports
Med 2014 Feb;48(3):171-173. [doi: 10.1136/bjsports-2012-091810] [Medline: 23134760]
van der Ploeg HP, Hillsdon M. Is sedentary behaviour just physical inactivity by another name? Int J Behav Nutr Phys Act
2017 Dec 23;14(1):142 [FREE Full text] [doi: 10.1186/s12966-017-0601-0] [Medline: 29058587]
Sedentary Behaviour Research Network. Letter to the editor: standardized use of the terms 'sedentary' and 'sedentary
behaviours'. Appl Physiol Nutr Metab 2012 Jun;37(3):540-542. [doi: 10.1139/h2012-024] [Medline: 22540258]
Thosar SS, Johnson BD, Johnston JD, Wallace JP. Sitting and endothelial dysfunction: the role of shear stress. Med Sci
Monit 2012 Dec;18(12):RA173-RA180 [FREE Full text] [doi: 10.12659/msm.883589] [Medline: 23197245]
Proper KI, Singh AS, van Mechelen W, Chinapaw MJ. Sedentary behaviors and health outcomes among adults: a systematic
review of prospective studies. Am J Prev Med 2011 Feb;40(2):174-182. [doi: 10.1016/j.amepre.2010.10.015] [Medline:
21238866]
Wilmot EG, Edwardson CL, Achana FA, Davies MJ, Gorely T, Gray LJ, et al. Sedentary time in adults and the association
with diabetes, cardiovascular disease and death: systematic review and meta-analysis. Diabetologia 2012
Nov;55(11):2895-2905. [doi: 10.1007/s00125-012-2677-z] [Medline: 22890825]
Chau JY, Grunseit A, Midthjell K, Holmen J, Holmen TL, Bauman AE, et al. Sedentary behaviour and risk of mortality
from all-causes and cardiometabolic diseases in adults: evidence from the HUNT3 population cohort. Br J Sports Med 2015
Jun;49(11):737-742. [doi: 10.1136/bjsports-2012-091974] [Medline: 23666019]
Patterson R, McNamara E, Tainio M, de Sá TH, Smith AD, Sharp SJ, et al. Sedentary behaviour and risk of all-cause,
cardiovascular and cancer mortality, and incident type 2 diabetes: a systematic review and dose response meta-analysis.
Eur J Epidemiol 2018 Sep;33(9):811-829 [FREE Full text] [doi: 10.1007/s10654-018-0380-1] [Medline: 29589226]
Australian Government: Department of Health. 2017. Australia's Physical Activity and Sedentary Behaviour Guidelines
and the Australian 24-Hour Movement Guidelines URL: http://www.health.gov.au/internet/main/publishing.nsf/content/
health-pubhlth-strateg-phys-act-guidelines [accessed 2018-10-30] [WebCite Cache ID 73ZRG1ELA]
Canadian 24-Hour Movement Guidelines. 2017. Canadian 24-Hour Movement Guidelines for Children and Youth (Ages
5-17 Years): An Integration of Physical Activity, Sedentary Behaviour and Sleep URL: http://csepguidelines.ca/
children-and-youth-5-17/ [accessed 2018-10-30] [WebCite Cache ID 73ZR27pqN]
ANSES: French Agency for Food, Environmental and Occupational Health & Safety. 2018. More Physical Exercise and
Less of a Sedentary Lifestyle for Better Health URL: https://www.anses.fr/en/content/
more-physical-exercise-and-less-sedentary-lifestyle-better-health-0 [accessed 2018-10-30] [WebCite Cache ID 73ZQja7ZP]
Konevic S, Martinovic J, Djonovic N. Association of socioeconomic factors and sedentary lifestyle in Belgrade's suburb,
working class community. Iran J Public Health 2015 Aug;44(8):1053-1060 [FREE Full text] [Medline: 26587469]
Hattersley L, Ball K, Carver A, Jackson M, Downing K. VicHealth: Victorian Health Promotion Foundation. 2015. Promoting
Equity in Physical Activity: An Evidence Summary URL: https://www.vichealth.vic.gov.au/-/media/ResourceCentre/
PublicationsandResources/Health-Inequalities/Fair-Foundations/Summary/Health-Equity_Summary_PhysicalActivity.
pdf?la=en&hash=6B707B33F6DBBA11704B97A48EF A6187344DD8FB [accessed 2018-10-30] [WebCite Cache ID
73ZQX2hiq]
Murray JM, Brennan SF, French DP, Patterson CC, Kee F, Hunter RF. Effectiveness of physical activity interventions in
achieving behaviour change maintenance in young and middle aged adults: a systematic review and meta-analysis. Soc Sci
Med 2017 Dec;192:125-133. [doi: 10.1016/j.socscimed.2017.09.021] [Medline: 28965003]

http://mhealth.jmir.org/2019/7/e12768/

XSL• FO
RenderX

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 7 | e12768 | p.9
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
20.

21.

22.

23.

24.

25.

26.

27.
28.
29.

30.
31.

32.
33.

34.

35.

36.

37.

38.

39.
40.

Eckerstorfer LV, Tanzer NK, Vogrincic-Haselbacher C, Kedia G, Brohmer H, Dinslaken I, et al. Key elements of mhealth
interventions to successfully increase physical activity: meta-regression. JMIR Mhealth Uhealth 2018 Nov 12;6(11):e10076
[FREE Full text] [doi: 10.2196/10076] [Medline: 30425028]
Buckingham SA, Williams AJ, Morrissey K, Price L, Harrison J. Mobile health interventions to promote physical activity
and reduce sedentary behaviour in the workplace: a systematic review. Digit Health 2019;5:2055207619839883 [FREE
Full text] [doi: 10.1177/2055207619839883] [Medline: 30944728]
Brickwood KJ, Watson G, O'Brien J, Williams AD. Consumer-based wearable activity trackers increase physical activity
participation: systematic review and meta-analysis. JMIR Mhealth Uhealth 2019 Apr 12;7(4):e11819 [FREE Full text]
[doi: 10.2196/11819] [Medline: 30977740]
Stockwell S, Schofield P, Fisher A, Firth J, Jackson SE, Stubbs B, et al. Digital behavior change interventions to promote
physical activity and/or reduce sedentary behavior in older adults: a systematic review and meta-analysis. Exp Gerontol
2019 Jun;120:68-87. [doi: 10.1016/j.exger.2019.02.020] [Medline: 30836130]
Olander EK, Fletcher H, Williams S, Atkinson L, Turner A, French DP. What are the most effective techniques in changing
obese individuals' physical activity self-efficacy and behaviour: a systematic review and meta-analysis. Int J Behav Nutr
Phys Act 2013 Mar 3;10:29 [FREE Full text] [doi: 10.1186/1479-5868-10-29] [Medline: 23452345]
Samdal GB, Eide GE, Barth T, Williams G, Meland E. Effective behaviour change techniques for physical activity and
healthy eating in overweight and obese adults; systematic review and meta-regression analyses. Int J Behav Nutr Phys Act
2017 Dec 28;14(1):42 [FREE Full text] [doi: 10.1186/s12966-017-0494-y] [Medline: 28351367]
Stephenson A, McDonough SM, Murphy MH, Nugent CD, Mair JL. Using computer, mobile and wearable technology
enhanced interventions to reduce sedentary behaviour: a systematic review and meta-analysis. Int J Behav Nutr Phys Act
2017 Dec 11;14(1):105 [FREE Full text] [doi: 10.1186/s12966-017-0561-4] [Medline: 28800736]
Ahuja N, Ozdalga E, Aaronson A. Integrating mobile fitness trackers into the practice of medicine. Am J Lifestyle Med
2017;11(1):77-79 [FREE Full text] [doi: 10.1177/1559827615583643] [Medline: 30202316]
Cadmus-Bertram L. Using fitness trackers in clinical research: what nurse practitioners need to know. J Nurse Pract 2017
Jan;13(1):34-40 [FREE Full text] [doi: 10.1016/j.nurpra.2016.10.012] [Medline: 28603469]
Sanders JP, Loveday A, Pearson N, Edwardson C, Yates T, Biddle SJ, et al. Devices for self-monitoring sedentary time or
physical activity: a scoping review. J Med Internet Res 2016 May 4;18(5):e90 [FREE Full text] [doi: 10.2196/jmir.5373]
[Medline: 27145905]
McCallum C, Rooksby J, Gray CM. Evaluating the impact of physical activity apps and wearables: interdisciplinary review.
JMIR Mhealth Uhealth 2018 Mar 23;6(3):e58 [FREE Full text] [doi: 10.2196/mhealth.9054] [Medline: 29572200]
Vandelanotte C, Duncan MJ, Maher CA, Schoeppe S, Rebar AL, Power DA, et al. The effectiveness of a web-based
computer-tailored physical activity intervention using Fitbit activity trackers: randomized trial. J Med Internet Res 2018
Dec 18;20(12):e11321 [FREE Full text] [doi: 10.2196/11321] [Medline: 30563808]
Kurti AN, Dallery J. Internet-based contingency management increases walking in sedentary adults. J Appl Behav Anal
2013;46(3):568-581. [doi: 10.1002/jaba.58] [Medline: 24114220]
Cadmus-Bertram LA, Marcus BH, Patterson RE, Parker BA, Morey BL. Randomized trial of a Fitbit-based physical activity
intervention for women. Am J Prev Med 2015 Sep;49(3):414-418 [FREE Full text] [doi: 10.1016/j.amepre.2015.01.020]
[Medline: 26071863]
Wang JB, Cadmus-Bertram LA, Natarajan L, White MM, Madanat H, Nichols JF, et al. Wearable sensor/device (Fitbit
one) and SMS text-messaging prompts to increase physical activity in overweight and obese adults: a randomized controlled
trial. Telemed J E Health 2015 Oct;21(10):782-792 [FREE Full text] [doi: 10.1089/tmj.2014.0176] [Medline: 26431257]
Gell NM, Grover KW, Humble M, Sexton M, Dittus K. Efficacy, feasibility, and acceptability of a novel technology-based
intervention to support physical activity in cancer survivors. Support Care Cancer 2017 Dec;25(4):1291-1300. [doi:
10.1007/s00520-016-3523-5] [Medline: 27957621]
Hooke MC, Gilchrist L, Tanner L, Hart N, Withycombe JS. Use of a fitness tracker to promote physical activity in children
with acute lymphoblastic leukemia. Pediatr Blood Cancer 2016 Apr;63(4):684-689. [doi: 10.1002/pbc.25860] [Medline:
26756736]
Hartman SJ, Nelson SH, Weiner LS. Patterns of Fitbit use and activity levels throughout a physical activity intervention:
exploratory analysis from a randomized controlled trial. JMIR Mhealth Uhealth 2018 Feb 5;6(2):e29 [FREE Full text] [doi:
10.2196/mhealth.8503] [Medline: 29402761]
Wu HS, Gal R, van Sleeuwen NC, Brombacher AC, IJsselsteijn WA, May AM, et al. Breast cancer survivors' experiences
with an activity tracker integrated into a supervised exercise program: qualitative study. JMIR Mhealth Uhealth 2019 Feb
21;7(2):e10820 [FREE Full text] [doi: 10.2196/10820] [Medline: 30789349]
Snyder A, Colvin B, Gammack JK. Pedometer use increases daily steps and functional status in older adults. J Am Med
Dir Assoc 2011 Oct;12(8):590-594. [doi: 10.1016/j.jamda.2010.06.007] [Medline: 21450191]
Yamada M, Mori S, Nishiguchi S, Kajiwara Y, Yoshimura K, Sonoda T, et al. Pedometer-based behavioral change program
can improve dependency in sedentary older adults: a randomized controlled trial. J Frailty Aging 2012;1(1):39-44. [doi:
10.14283/jfa.2012.7] [Medline: 27092936]

http://mhealth.jmir.org/2019/7/e12768/

XSL• FO
RenderX

Chia et al

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 7 | e12768 | p.10
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
41.

42.

43.

44.
45.

46.

47.

48.
49.

50.

51.

52.

53.

54.

55.
56.

57.
58.

59.

60.
61.

Gualtieri L, Rosenbluth S, Phillips J. Can a free wearable activity tracker change behavior? The impact of trackers on adults
in a physician-led wellness group. JMIR Res Protoc 2016 Nov 30;5(4):e237 [FREE Full text] [doi: 10.2196/resprot.6534]
[Medline: 27903490]
Lyons EJ, Swartz MC, Lewis ZH, Martinez E, Jennings K. Feasibility and acceptability of a wearable technology physical
activity intervention with telephone counseling for mid-aged and older adults: a randomized controlled pilot trial. JMIR
Mhealth Uhealth 2017 Mar 6;5(3):e28 [FREE Full text] [doi: 10.2196/mhealth.6967] [Medline: 28264796]
Michie S, Abraham C, Eccles MP, Francis JJ, Hardeman W, Johnston M. Strengthening evaluation and implementation by
specifying components of behaviour change interventions: a study protocol. Implement Sci 2011 Feb 7;6:10 [FREE Full
text] [doi: 10.1186/1748-5908-6-10] [Medline: 21299860]
Michie S, Johnston M. Theories and techniques of behaviour change: developing a cumulative science of behaviour change.
Health Psychol Rev 2012 Mar;6(1):1-6. [doi: 10.1080/17437199.2012.654964]
Duff OM, Walsh DM, Furlong BA, O'Connor NE, Moran KA, Woods CB. Behavior change techniques in physical activity
eHealth interventions for people with cardiovascular disease: systematic review. J Med Internet Res 2017 Dec 2;19(8):e281
[FREE Full text] [doi: 10.2196/jmir.7782] [Medline: 28768610]
Nyman SR, Adamczewska N, Howlett N. Systematic review of behaviour change techniques to promote participation in
physical activity among people with dementia. Br J Health Psychol 2018 Dec;23(1):148-170. [doi: 10.1111/bjhp.12279]
[Medline: 28980370]
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 Aug;46(1):81-95. [doi: 10.1007/s12160-013-9486-6] [Medline: 23512568]
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 Nov;28(6):690-701. [doi: 10.1037/a0016136] [Medline: 19916637]
Greaves CJ, Sheppard KE, Abraham C, Hardeman W, Roden M, Evans PH, IMAGE Study Group. Systematic review of
reviews of intervention components associated with increased effectiveness in dietary and physical activity interventions.
BMC Public Health 2011 Feb 18;11:119 [FREE Full text] [doi: 10.1186/1471-2458-11-119] [Medline: 21333011]
Kwasnicka D, Dombrowski SU, White M, Sniehotta F. Theoretical explanations for maintenance of behaviour change: a
systematic review of behaviour theories. Health Psychol Rev 2016 Sep;10(3):277-296 [FREE Full text] [doi:
10.1080/17437199.2016.1151372] [Medline: 26854092]
McEwan D, Harden SM, Zumbo BD, Sylvester BD, Kaulius M, Ruissen GR, et al. The effectiveness of multi-component
goal setting interventions for changing physical activity behaviour: a systematic review and meta-analysis. Health Psychol
Rev 2016;10(1):67-88. [doi: 10.1080/17437199.2015.1104258] [Medline: 26445201]
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 Aug 15;16(8):e192 [FREE Full text] [doi: 10.2196/jmir.3469]
[Medline: 25131661]
Mercer K, Li M, Giangregorio L, Burns C, Grindrod K. Behavior change techniques present in wearable activity trackers:
a critical analysis. JMIR Mhealth Uhealth 2016 Apr 27;4(2):e40 [FREE Full text] [doi: 10.2196/mhealth.4461] [Medline:
27122452]
Duncan M, Murawski B, Short CE, Rebar AL, Schoeppe S, Alley S, et al. Activity trackers implement different behavior
change techniques for activity, sleep, and sedentary behaviors. Interact J Med Res 2017 Aug 14;6(2):e13 [FREE Full text]
[doi: 10.2196/ijmr.6685] [Medline: 28807889]
Dunn EE, Robertson-Wilson J. Behavior change techniques and physical activity using the Fitbit Flex®. Int J Exerc Sci
2018;11(7):561-574 [FREE Full text]
Middelweerd A, Mollee JS, van der Wal CN, Brug J, Te Velde SJ. Apps to promote physical activity among adults: a
review and content analysis. Int J Behav Nutr Phys Act 2014 Jul 25;11:97 [FREE Full text] [doi: 10.1186/s12966-014-0097-9]
[Medline: 25059981]
Cooper JO, Heron TE, Heward WL. Applied Behavior Analysis, Second Edition. Upper Saddle River, NJ:
Pearson/Merrill-Prentice Hall; 2007.
Bardus M, van Beurden SB, Smith JR, Abraham C. A review and content analysis of engagement, functionality, aesthetics,
information quality, and change techniques in the most popular commercial apps for weight management. Int J Behav Nutr
Phys Act 2016 Mar 10;13:35 [FREE Full text] [doi: 10.1186/s12966-016-0359-9] [Medline: 26964880]
Schoeppe S, Alley S, Rebar AL, Hayman M, Bray NA, van Lippevelde W, et al. Apps to improve diet, physical activity
and sedentary behaviour in children and adolescents: a review of quality, features and behaviour change techniques. Int J
Behav Nutr Phys Act 2017 Dec 24;14(1):83 [FREE Full text] [doi: 10.1186/s12966-017-0538-3] [Medline: 28646889]
Centers for Disease Control and Prevention. 2016. Current Physical Activity Guidelines URL: https://www.cdc.gov/cancer/
dcpc/prevention/policies_practices/physical_activity/guidelines.htm [accessed 2018-10-30] [WebCite Cache ID 73ZRbG6mE]
Sullivan AN, Lachman ME. Behavior change with fitness technology in sedentary adults: a review of the evidence for
increasing physical activity. Front Public Health 2016;4:289 [FREE Full text] [doi: 10.3389/fpubh.2016.00289] [Medline:
28123997]

http://mhealth.jmir.org/2019/7/e12768/

XSL• FO
RenderX

Chia et al

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 7 | e12768 | p.11
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
62.
63.
64.
65.

Chia et al

Thompson WR. Worldwide survey reveals fitness trends for 2008. ACSMs Health Fit J 2007;11(6):7-13. [doi:
10.1249/01.FIT.0000298449.25061.a8]
Thompson WR. Worldwide survey of fitness trends for 2013. ACSMs Health Fit J 2012;16(6):8-17. [doi:
10.1249/01.FIT.0000422568.47859.35]
Thompson RW. Worldwide survey reveals fitness trends for 2017. ACSMs Health Fit J 2016;20(6):8-17. [doi:
10.1249/FIT.0000000000000252]
Gardner B, Smith L, Lorencatto F, Hamer M, Biddle SJ. How to reduce sitting time? A review of behaviour change strategies
used in sedentary behaviour reduction interventions among adults. Health Psychol Rev 2016;10(1):89-112 [FREE Full text]
[doi: 10.1080/17437199.2015.1082146] [Medline: 26315814]

Abbreviations
BCT: Behavior Change Technique
BCTTv1: Behavior Change Technique Taxonomy v1
MET: Metabolic Equivalent Tasks

Edited by G Eysenbach; submitted 08.11.18; peer-reviewed by A Sullivan, J Hawkins, A Middelweerd; comments to author 31.03.19;
revised version received 24.05.19; accepted 10.06.19; published 14.07.19.
Please cite as:
Chia GLC, Anderson A, McLean LA
Behavior Change Techniques Incorporated in Fitness Trackers: Content Analysis
JMIR Mhealth Uhealth 2019;7(7):e12768
URL: http://mhealth.jmir.org/2019/7/e12768/
doi:10.2196/12768
PMID:

©Gladys Lai Cheng Chia, Angelika Anderson, Louise Anne McLean. Originally published in JMIR Mhealth and Uhealth
(http://mhealth.jmir.org), 14.07.2019. 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 http://mhealth.jmir.org/, as well as this copyright and license information must
be included.

http://mhealth.jmir.org/2019/7/e12768/

XSL• FO
RenderX

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 7 | e12768 | p.12
(page number not for citation purposes)

