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Abstract: The motivational influence of wearable fitness technology (WFT) on increasing physical
activity (PA) is unclear, and improvements in PA have been shown to be driven by both intrinsic and
extrinsic motivation. In the current study, PA (daily number of steps), moderate to vigorous intensity
physical activity, and muscular strength training were measured over 6 months on, originally, 16 ran-
domly selected sedentary community workers (mean age = 51 years). Moreover, self-determined
motivation (Behavioral Regulation in Exercise Questionnaire-2) was measured before, midway, and
after a 6-month intervention program that included motivational interviewing, as well as the use
of WFT and a structured outdoor gym program. Our findings showed WFT, in combination with
motivational interviewing, initially helped the participants meet recommended guidelines for PA
in terms of at least 10,000 steps per day, and at least 150 min of moderate aerobic activity per week.
There was a large decrease in participants’ PA and increase in introjected motivation between the
first half (3 months) and the second half of the intervention (6 months). The increase in introjected
motivation suggests that toward the end of the 6-month intervention, participants engaged in PA to
satisfy external demands or avoid guilt, which may lead to less-persistent behavior change.

Keywords: health; motivation; physical activity; wearable fitness technology

1. Introduction

Healthy living is associated with positive outcomes, such as high levels of psycho-
logical and social well-being, physiological and metabolic health, physical health, and
cognitive functioning [1]. A major challenge in most societies is helping citizens increase
physical activity (PA) levels to help lower healthcare costs. Inadequate PA is one of the
four leading behavioral risk factors for noncommunicable diseases worldwide [2]. Adults
are recommended to engage in a minimum of 150 min of moderate-intensity PA, 75 min of
vigorous-intensity PA, and two or more days a week of muscle-strengthening activities [3].
Numerous intervention programs, aimed to increase physical activity in sedentary people,
have been developed and tested [4]. Outdoor exercise interventions are, in general, related
to increases in PA [5], and access to outdoor exercise equipment can help increase activity
levels in people who do not usually exercise [6]. Intervention studies have suggested that
open-air environments placed in urban green areas, may have direct and positive impacts
on mental health and well-being (e.g., Barton and Pretty [7]; Johnson et al. [8]). More
research concurrently investigating outdoor PA, moderate to vigorous physical activity
(MVPA), and muscular-strengthening activities over an extended period (e.g., >3 months)
is needed.

The public health implications of using activity-tracking devices to promote and
monitor behavior change and increase physical activity are quite promising [9]. The
use of activity-tracking devices has, for example, been found to increase PA and PA
motivation [10]. Most activity-tracking devices offer immediate feedback tied to goals (e.g.,
10,000 steps) and tracking changes in PA can motivate steady progress toward goals and
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increased self-efficacy. Activity-tracking devices have been suggested to have the potential
to revolutionize PA research by allowing, for example, real-time data to be gathered [9].
It is still unclear whether it is the tracking device itself or the intervention that leads to
positive outcomes. Activity devices are considered financially economical for research
because of the reasonable cost, but may not be equally accessible to the general population,
such as those with a lower social economic background [11]. One solution to this inequality
is activity trackers being prescribed by doctors as an economically viable option and
successful component in healthcare interventions.

The application of digital health software and devices, such as wearable fitness tech-
nology (WFT; e.g., smartwatches) and smartphone applications (apps), have the potential to
help people increase their levels of PA [12]. There are a number of key factors that influence
behavioral intention to use health technologies that include perceived ease of use and
perceptions of effectiveness [13]. There also are some barriers to the uptake of WFT, such
as the level of app literacy among end users [14]. Previous research [15] found that feed-
back from WFT can lead to users becoming more goal-oriented with increased feelings of
personal control. Such changes seem beneficial and can increase feelings of self-efficacy [9].
Results from recent studies, however, are mixed. Schiel, Kaps, and Bieber [16] showed
improvements in intrinsic and extrinsic motivation, and another study on adolescents
reported that short-term increases in motivation were driven by feelings of competition,
guilt, and internal pressure [17], and these feelings were unlikely to result in persistent and
sustainable behavior change. Research that investigates the motivational influence of WFT
would contribute to an evidence base on the influence of WFT on health.

Self-determination theory (SDT) is an organismic theory of human motivational
processes [18] that provides an understanding of the initiation and maintenance of physical
activity. Different types of motivation (intrinsic, identified, introjected, external, and
amotivation) are proposed to exist along a continuum ranging from lower to higher levels
of self-determination. The different types of motivation range from undertaking an activity
for the inherent pleasure, to engaging in a behavior to avoid punishment or obtain a
reward [19]. According to SDT, individuals are most effective and persistent in pursuing
a healthy lifestyle when they are intrinsically motivated [19]. A logical implication for
health practitioner would be to find strategies to aid individuals’ in finding PA intrinsically
satisfying or to truly identify with and value the outcomes of PA. For example, pleasant
environments that surround exercise settings (e.g., parks) have been suggested to indirectly
increase motivation to exercise [8]. WFT, however, provides external rewards, such as
achievement notifications, and may enhance extrinsic motivation for behavioral change
and PA.

Professional coaching via weekly information sessions has been shown to encourage
healthy behaviors [20]. Building on the SDT framework, one approach that has been
effective to support behavior change is motivational interviewing (MI) [21]. In MI, the
interaction between the counselor and client is based on collaboration, non-judgment, and
autonomy [22]. MI targets the three key components in self-determination theory, and this
approach has been found to be effective in terms of promoting behavior change [23]. There
is evidence that interventions using MI-inspired techniques, often including weekly or
biweekly sessions, support behavior change and PA [24]. Nevertheless, there is limited
research on the combined effects of WFT and MI on behavior change and PA.

Given the positive effects of physical activity, MVPA, and muscular-strengthening
activities on health, understanding the potential influence of WFT and face-to-face coaching
on increasing PA, behavior change, and motivation would seem important. The purpose
of this study was to investigate the influence of a 6-month intervention using health and
lifestyle technology, in the form of a WFT and smartphone app designed to encourage
muscular strength training, in combination with motivational interviewing on behavioral
and motivational outcomes.
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2. Materials and Methods
2.1. Participants and Inclusion Criteria

The inclusion criteria used in the selection of the participants were: (a) have a primarily
sedentary job; (b) train less than once a week; (c) be employed within Halmstad City
Council; (d) live (have residence) in Halmstad; and (e) have access to a smartphone. A
random selection of participants from a pool of 66 volunteer participants, in which a
weighting of gender was carried out due to an overbalance of women, resulted in 20
(male = 7; female = 13) with a mean age of 48.5 years (SD = 9.9); men 42.4 (SD = 9.9) and
women 51.7 (SD = 8.6). Four participants dropped out during the study, resulting in 16
participants (male = 5; female = 11) with a mean age of 51 years (SD = 8.4) and body mass
index (BMI) of 28.23 (SD = 3.79); men 45 years (SD = 10.4) and BMI of 31.02 (DS = 2.54); and
women 53.7 (SD = 6.1) and BMI of 27.00 (SD = 3.67). Figure 1 shows the flow of participants
through the intervention.
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2.2. Motivation Measurements

Data were collected using the Behavioral Regulation in Exercise Questionnaire-2
(BREQ-2) [25] to measure the psychological construct of motivation regulations. The
BREQ-2 contains 19 items (e.g., “It’s important to me to exercise regularly”) measured
on a 5-point Likert scale ranging between 0 (not true for me) to 4 (very true for me). The
scale measures five motivational regulations: amotivation (4 items, McDonald’sω = 0.89),
external (4 items, McDonald’s ω = 0.93), introjected (3 items, McDonald’s ω = 0.72),
identified (4 items, McDonald’sω = 0.81), and intrinsic motivation (4 items, McDonald’s
ω = 0.89).

2.3. Physical Activity Intervention

The participants took part in the pre-post intervention design aimed to increase PA
and well-being (see Table 1). There were three data collection occasions: the first week (the
week after the participants received the WFT but before the introduction to the outdoor
gym and MI sessions), after 3 months, and at the end of the intervention 6 months after
the first weeks test. The first week was defined as the period between receiving the smart
watch until the first outdoor gym session. All participants received a Smartwatch (Apple
Watch1) and were instructed on how to use the basic functions of the activity sensor (steps,
active calories, time, and synchronization with the iPhone).

Table 1. Time plan for the study.

Month Activities

First week Distribution of smartwatches

0

Beginning of the intervention
Introduction to the outdoor gym
1st psychological questionnaire
1st motivational interviewing session.

3 2nd psychological questionnaire
2nd motivational interviewing session.

6
End of the intervention
3rd psychological questionnaire
Apple watch and health app data collection

2.4. Motivational Interviewing

PA was supported through two individual motivational interviewing coaching ses-
sions, and each participant received a resistance-training program designed for use in an
outdoor gym. The individual motivational interviewing coaching session was composed of
four processes [22]. In the engaging process, a connection was established and rapport was
built. After that, the process of focusing was developed to maintain a detailed direction
in the conversation about change to support exercise behavior. The next process was
evoking, which involved the participants’ own motivations for change. The last process
was planning, which involved both developing commitment to change and formulating an
action plan.

All participants were given access to an app (ParkStark), specially constructed for the
study and designed to encourage muscular strength training, and they were encouraged
to use ParkStark when training at the outdoor gym. The ParkStark app contained a
resistance-training program designed for use in an outdoor gym, along with exercise
descriptions for all exercise machines at the gym, and information on how often the app
was used. Throughout the 6-month intervention period, each participant was advised
to include muscular strengthening activities 2–3 days a week. When the intervention
started, the participants were introduced to an outdoor gym and instructed on how to use
it (instructors were present at the start of the intervention for each participant) to further
promote sustainable physical activity. Moreover, they were advised to track their activities
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through the default functions on their watches. During their exercise, it was possible for
the participants to access direct feedback on their physical activities at the gym (e.g., heart
rate, calories burned, session duration).

2.5. Procedure

Figure 1 outlines the time plan for the study procedures from the first contact with the
participants until the final testing session 6 months later. Ethical approval for the study
was granted by the regional ethics committee (reference number 2016/843).

2.6. Data Reduction

Data were first stored locally on the smartphone and then downloaded from the
Health Data app on smartphones. The data file was then run through a script in Python
3.7.2 (health data reader parser; Python Software Foundation, version 3.8, Wilmington,
DE, USA), through which data for steps, MVPA time, heart rate (HR), and ParkStark
were extracted and stored as separate files. All the extracted data included timestamp
information that was then used to aggregate the data to hourly data points throughout the
6-month intervention period. All daily measurements with less than 8 h of recorded heart
rate data were excluded.

Geographical locations of the participants’ phones were recorded when they used
the ParkStark app to track not only when the ParkStark app was used, but also when it
coincided with muscular-strengthening activities in an outdoor gym. Participants were
considered to have used the outdoor gym when the start and finish of the session had a
geographical location within a 100 m radius of the gym.

2.7. Data Analysis

A repeated-measures analysis of variance (ANOVA) assessed any differences (pre–
mid–post) for each physical activity and motivation variable. A p-value < 0.05 was con-
sidered statistically significant in all analyses. Eta squared (η2) was used to assess the
between-measurement effect sizes. Effect sizes of 0.01–0.06 were considered small in magni-
tude; those in the 0.06–0.14 range were medium, and those above 0.14 were large [26]. Post
hoc differences were analyzed using paired t-tests and Cohen’s effect size d for repeated
measures. A d of 0.20–0.50 was considered small in magnitude; those between 0.50–0.80
were medium, and those above 0.80 were large [26].

3. Results

The repeated-measures ANOVA (Table 2) showed statistically significant differences
and large effect sizes for daily steps (p = 0.02, η2 = 0.25), daily exercise time (p = 0.01,
η2 = 0.30), outdoor gym visits (p = 0.01, η2 = 0.54), and introjected regulation (p = 0.01,
η2 = 0.26). The subsequent post hoc analyses confirmed statistically significant differences
and a large reduction for MVPA (p = 0.02, d = 0.87) between months 0–3 and months
4–6, and a large reduction for steps (p = 0.02, d = 0.80) between months 0–3 and months
4–6. The post hoc analysis of introjected regulation showed a statistically significant
large increase (p = 0.006, d = 0.97) between the first week and the 6-month follow-up
(Tables 2 and 3). There were substantially skewed distributions around the averages
in a number of the measures, in particular, app usage and the number of visits to the
outdoor gym, for which the standard deviation was larger than the average number of uses
(Table 4). For the ParkStark app, in the first half of the intervention, the range of use was
from 0 to 32 times. In the second half, nine participants did not use it at all, and the use for
the other participants ranged from twice to 25 times.
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Table 2. Differences in repeated-measure p-values and effect sizes in physical activity and motivation
measures. Number of participants = 16.

p η2

Physical activity
Steps 0.017 0.251

Exercise 0.009 0.303
Outdoor gym (visits) 0.002 0.536

Strength training (APP) 0.083 0.187

Motivation measures: BREQ-12
Amotivation 0.370 0.069

External regulation 0.520 0.046
Introjected regulation 0.014 0.264
Identified regulation 0.486 0.050
Intrinsic regulation 0.893 0.008

Table 3. Descriptive statistics for motivation measures. Number of participants = 16.

Month 0 Mean (SD) Month 3 Mean (SD) Month 6 Mean (SD)

Amotivation 1.2 (0.3) 1.2 (0.4) 1.2 (0.5)
External regulation 1.3 (0.7) 1.4 (0.8) 1.3 (0.8)

Introjected regulation 2.1 (0.9) 2.6 (1.2) 3.0 (0.9)
Identified regulation 3.9 (0.8) 4.0 (0.5) 4.0 (0.7)
Intrinsic regulation 3.7 (0.9) 3.7 (0.9) 3.6 (1.0)

Table 4. Descriptive statistics for physical activity. Number of participants = 16.

First Week Mean (SD) Month 0–3 Mean (SD) Month 4–6 Mean (SD)

Physical activity (steps per day) 14,927 (7925) 12,914 (4486) 11,407 (4486)
MVPA * (minutes per day) 34.9 (18.5) 35.3 (20.0) 22.5 (11.4)
Total amount of app usage 0 8.4 (10.1) 6.0 (8.9)

Total number of outdoor gym visits 0 4.2 (3.9) 0.9 (2.0)

* MVPA = moderate to vigorous physical activity.

4. Discussion

The current study sought to investigate the influence of a 6-month intervention using
health and lifestyle technology on behavioral and motivational outcomes. The findings
indicated that during the first three months of the intervention, participants on average
met, or exceeded, the recommended guidelines for PA in terms of 10,000 steps per day,
and at least 150 min of moderate to vigorous aerobic activity per week, but not two
muscle-strengthening activities a week (average = 0.7 sessions a week). This initial positive
indication was followed by a relapse when participants showed large (ES) reductions
in measures of PA and an increase in introjected motivation between months 0–3 and
months 4–6.

The app designed to encourage strength training at an outdoor gym was used more
often than the participants used the outdoor gym (Table 4). These results suggest that
the app was, perhaps, more successful than the outdoor gym at motivating participants
to engage in strength training. Our results showed only a few participants used the app
designed to encourage muscular strength training, but these participants used the app
once a week or more. A recent study by Peng et al. [14], showed that a potential reason for
nonadoption of health apps was low app literacy among end users, particularly among
older individuals, and this finding could, in part, explain the low adoption rate of our
strength-training app. Some exercise-intervention studies (e.g., Fortier et al. [24]) have
shown, from a self-determination theory perspective, that social interaction can support
basic psychological needs such as competence and relatedness and, in turn, enhance
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intrinsic motivation. We speculated that participants who used the app, but not in the
vicinity of the outdoor gym, found strategies to perform muscle-strengthening activities
that better suited their individual circumstances, such as training at home or at another
gym with colleagues or family members. Finally, the aim of MI sessions was to promote
participants’ sense of ownership over their own behaviors. The MI sessions included
encouraging choice and providing a menu of options for behavior change, of which
strength training was one such choice. Participants may have simply made other choices
to increase PA and improve their health and wellbeing.

One finding to explain some of the reduction in all forms of PA during the second
half of the intervention was the increase in introjected motivation among the participants.
Our results showed a large increase in introjected regulation from the first week to the
final measurement, suggesting that participants engaged in the outdoor activity to satisfy
external demands or to avoid guilt and shame. According to the SDT, individuals are
most effective and persistent in pursuing healthy lifestyles when they are intrinsically
motivated [19]. In the current study, self-monitoring and MI were used to encourage
behavior change and enhance PA levels. Due to the current study’s design, we were unable
to show if WFT and MI influenced motivation in different ways. Results from a recent 3-
month outdoor physical activity study showed, however, that the group who received WFT
and MI coaching maintained introjected regulation levels when compared to the group
who only received WFT, who showed a decrease in identified regulation, suggesting MI
coaching helped to maintain a somewhat more internal motivation [8]. Although WFT and
healthy-lifestyle apps are useful tools for self-monitoring PA levels, it is unclear how they
influence motivation. There is a growing body of evidence that WFT may increase PA by
increasing extrinsic motivation. Kerner and Goodyear [17] reported that participants who
had other people monitor their progress presented a risk of disappointing others and the
potential of causing them embarrassment and feeling judged. The constant measurement
by WFTs can draw a user’s attention to the outcome and undermine intrinsic motivation
by making activities feel less enjoyable [27]. The increase in introjected regulation in our
results may, in part, explain the large decrease in PA.

There were some limitations to the current study that were generic to investigations
aiming to increase physical activity. For example, despite our effort to recruit a gender-
balanced pool, about two-thirds of the participants were female; the gender-balance trend
has previously been reported [14], and reflects the population at large in which more
men are physically active than women, and so therefore there were more women who
were eligible for this study. Another limitation to our study design was the time period
(3 months); motivation was measured and previous research [17] has reported that the
novelty effects of WFT become apparent after four weeks, which may suggest that the
reductions occurred much earlier than we showed. Our study showed no significant change
in PA or MVPA measurement between the first week and the first half of the intervention
(month 1–3), which suggests the novelty may not have become apparent after only four
weeks. Our results, however, showed a small effect size (d = 0.44) and a nonsignificant
(p = 0.34) difference between measures for PA (steps) at the first week and months 0–3, but
not for MVPA, which may indicate the effect of novelty on PA (steps) but not MVPA.

5. Conclusions

The public health implications of the growth in outdoor exercise areas and WFT
are encouraging, although the economic cost of WFT may mean that these devices are
not accessible to people with a lower socio-economic background. One strength in our
intervention design that could be implemented in healthcare settings as a means of ensuring
access to those with a lower social-economic background was only two MI sessions, access
to a community outdoor gym, and WFT and an App that could be made available by
healthcare providers. Previous research highlights that it is still unclear how WFT alone
influences long-term changes in PA behavior. The 6-month data collection period and the
first week of baseline PA prior to the commencement of the intervention gave some insight
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into this, and we were able to show the high initial levels of PA and MVPA influenced
by the watch and the onset of the intervention and the following relapse. Adults are
recommended to engage in two or more days a week of muscle-strengthening activities [4],
and studies using an observational design have reported that outdoor gyms increase
exercise behavior [28]. In the current study, we followed how often the participants used the
outdoor gym, and showed that they found other strategies to perform muscular-strength
training than using the outdoor gym.

The SDT provides an understanding of the motivational regulations underlying the
initiation and maintenance of physical activity. Findings in our study identified increase in
introjected regulation and maintenance of autonomic regulation among participants. This
may explain the reduction in PA levels, which nevertheless stayed above the recommended
levels of PA, during the latter part of the study, and supports the use of the SDT in a PA
and MVPA context. Furthermore, the self-determination theory perspective, that social
interaction can support basic psychological needs such as competence and relatedness,
gives an idea of how to continue to apply the SDT model in order to gain a deeper
understanding of outdoor exercise, in particular the muscular-strength-training behavior.

The current study provides some practical implications that may help practitioners
develop WFT and smartphone apps designed to encourage muscular-strength training.
Practitioners should consider how to best combine technologies and coaching without
increasing extrinsic motivation that likely leads to less-sustainable behaviors despite the
initial short-term positive changes in PA, MVPA, and muscular-strength training. A second
implication for local governmental agencies, which provide outdoor strength-training
equipment, is that access to an app designed to encourage muscular-strength training is
probably an inadequate intervention.

Our intervention program did not, on the whole, motivate the participants to use the
outdoor gym, and to better understand how to support long-term improvement in PA, more
studies that investigate changes in PA, MVPA, and muscular-strength training in relation
to novelty and nonadoption are needed. Future research should consider investigating
how MI sessions can encourage muscular-strength training and app utilization, and how
environments that support basic psychological needs such as competence and relatedness
influence outdoor gym usage.

Author Contributions: All authors contributed to study planning, interpretation of results, drafting,
and finishing the manuscript. U.J. and A.I. were responsible for the MI sessions. J.P. was responsible
for data collection and data analysis. All authors have read and agreed to the published version of
the manuscript.

Funding: The study was financed by a grant from The Knowledge Foundation, Sweden (grant
number 20160097).

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Regional Ethics Board, Lund (reference num-
ber 2016/843).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data used for this study are available on request from the corre-
sponding author.

Acknowledgments: The authors are particularly grateful to Erik Blomberg and Camilla Schough at
Eleiko Sport AB, Sweden; Erik Viberg, Anton Bärwald, and Pelle Wiberg at Swedish Adrenaline, Swe-
den; Sofia Warpman at Halmstad Municipality, Sweden; and Ingrid Svetoft and Mark Andersen for
their constructive feedback and valuable input throughout the entire research project and this study.

Conflicts of Interest: The authors declare no conflict of interest.



Sustainability 2021, 13, 7704 9 of 10

References
1. Lara, J.; Godfrey, A.; Evans, E.; Heaven, B.; Brown, L.J.; Barron, E.; Mathers, J.C. Towards measurement of the Healthy Ageing

Phenotype in lifestyle-based intervention studies. Maturitas 2013, 76, 189–199. [CrossRef] [PubMed]
2. World Health Organisation. Global Action Plan for the Prevention and Control of Noncommunicable Diseases 2013–2020; World Health

Organisation: Geneva, Switzerland, 2013.
3. World Health Organisation. Global Strategy on Diet, Physical Activity and Health: Physical Activity and Adults; World Health

Organisation: Geneva, Switerland, 2016.
4. Bock, C.; Jarczok, M.N.; Litaker, D. Community-based efforts to promote physical activity: A systematic review of interventions

considering mode of delivery, study quality and population subgroups. J. Sci. Med. Sport 2014, 17, 276–282. [CrossRef] [PubMed]
5. Tester, J.; Baker, R. Making the playfields even: Evaluating the impact of an environmental intervention on park use and physical

activity. Prev. Med. 2009, 48, 316–320. [CrossRef] [PubMed]
6. Kelly, B.; Fry, J. Camden Outdoor Gyms Evaluation: Phase 1 London: London Borough of Camden 2010. Available online: https:

//opendata.camden.gov.uk/Leisure/Pro-Active-Camden-Outdoor-GymEvaluation-2011/qzhz-a3y6 (accessed on 6 April 2018).
7. Barton, J.; Pretty, J. What is the best dose of nature and green exercise for improving mental health? A multi-study analysis.

Environ. Sci. Technol. 2010, 44, 3947–3955. [CrossRef] [PubMed]
8. Johnson, U.; Ivarsson, A.; Parker, J.; Andersen, M.B.; Svetoft, I. Connection in the fresh air: A study on the benefits of participation

in an electronic tracking outdoor gym exercise programme. Montenegrin J. Sports Sci. Med. 2019, 8, 61–67. [CrossRef]
9. Sullivan, A.N.; Lachman, M.E. Behavior change with fitness technology in sedentary adults: A review of the evidence for

increasing physical activity. Front. Public Health 2017, 4, 289. Available online: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC5225122/ (accessed on 21 August 2019). [CrossRef] [PubMed]

10. Bice, M.R.; Ball, J.W.; McClaran, S. Technology and physical activity motivation. J. Sport. Exerc. Psychol. 2016, 14, 295–304.
[CrossRef]

11. Bol, N.; Helberger, N.; Weert, J.C.M. Differences in mobile health app use: A source of new digital inequalities? J. Soc. Inf. Disp.
2018, 34, 183–193. [CrossRef]

12. Maehle, N.; Olafsen, A.H. Self-tracking behaviour in physical activity: A systematic review of drivers and outcomes of fitness
tracking. Behav. Inform. Technol. 2020, 1–20. [CrossRef]

13. Kalantari, M. Consumers’ adoption of wearable technologies: Literature review, synthesis, and future research agenda. Int. J.
Technol. Mark. 2017, 12, 274–307. [CrossRef]

14. Peng, W.; Kanthawala, S.; Yuan, S.; Hussain, S.A. A qualitative study of user perceptions of mobile health apps. BMC Public Health
2016, 16, 1158. Available online: https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3808-0 (accessed on
21 August 2019). [CrossRef] [PubMed]

15. Kari, T.; Piippo, J.; Frank, L.; Makkonen, M.; Moilanen, P. To gamify or not to gamify?: Gamification in exercise applications and
its role in impacting exercise motivation. In BLED 2016: Proceedings of the 29th Bled eConference “Digital Economy”; University of
Maribor: Bled, Slovenia, 2016. Available online: https://domino.fov.uni-mb.si/proceedings.nsf/Proceedings/F1F7033A0D796
9EAC125800D00467336/$File/2_Kari.pdf (accessed on 15 September 2019).

16. Schiel, R.; Kaps, A.; Bieber, G. Electronic health technology for the assessment of physical activity and eating habits in children
and adolescents with overweight and obesity IDA. Appetite 2012, 58, 432–437. [CrossRef] [PubMed]

17. Kerner, C.; Goodyear, V.A. The motivational impact of wearable healthy lifestyle technologies: A self-determination perspective
on Fitbits with adolescents. Am. J. Health Educ. 2017, 48, 287–297. [CrossRef]

18. Ryan, R.M.; Deci, E.L. Self-Determination Theory: Basic Psychological Needs in Motivation, Development, and Wellness; Guilford Press:
New York, NY, USA, 2017.

19. Deci, E.L.; Ryan, R.M. Overview of self-determination theory: An organismic dialectical perspective. In Handbook of Self-
Determination Research; Deci, E.L., Ryan, R.M., Eds.; University of Rochester Press: Rochester, NY, USA, 2002; pp. 3–33.

20. O’Brien, T.; Troutman-Jordan, M.; Hathaway, D.; Armstrong, S.; Moore, M. Acceptability of wristband activity trackers among
community dwelling older adults. J. Geriatr. Nurs. 2015, 36, S21–S25. [CrossRef] [PubMed]

21. Breckon, J. Motivational interviewing, exercise, and nutrition counseling. In Doing Exercise Psychology; Andersen, M.B., Hanrahan,
S.J., Eds.; Human Kinetics: Champaign, IL, USA, 2015; pp. 75–100.

22. Moyers, T.B.; Rollnick, S. A motivational interviewing perspective on resistance in psychotherapy. J. Clin. Psychol. 2002, 58,
185–193. [CrossRef] [PubMed]

23. Gourlan, M.; Sarrazin, P.; Trouilloud, D. Motivational interviewing as a way to promote physical activity in obese adolescents: A
randomised-controlled trial using self-determination theory as an explanatory framework. Psychol. Health 2013, 28, 1265–1286.
[CrossRef] [PubMed]

24. Fortier, M.S.; Duda, J.L.; Guerin, E.; Teixeira, P.J. Promoting physical activity: Development and testing of self-determination
theory-based interventions. Int. J. Behav. Nutr. Phys. Act. 2012, 9, 20. Available online: https://ijbnpa.biomedcentral.com/
articles/10.1186/1479-5868-9-20 (accessed on 15 September 2019). [CrossRef] [PubMed]

25. Markland, D.; Tobin, V. A modification to the Behavioral Regulation in Exercise Questionnaire to include an assessment of
amotivation. J. Sport. Exerc. Psychol. 2004, 26, 191–196. [CrossRef]

26. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Erlbaum: Hilllsdale, NJ, USA, 1998.

http://doi.org/10.1016/j.maturitas.2013.07.007
http://www.ncbi.nlm.nih.gov/pubmed/23932426
http://doi.org/10.1016/j.jsams.2013.04.009
http://www.ncbi.nlm.nih.gov/pubmed/23693030
http://doi.org/10.1016/j.ypmed.2009.01.010
http://www.ncbi.nlm.nih.gov/pubmed/19463491
https://opendata.camden.gov.uk/Leisure/Pro-Active-Camden-Outdoor-GymEvaluation-2011/qzhz-a3y6
https://opendata.camden.gov.uk/Leisure/Pro-Active-Camden-Outdoor-GymEvaluation-2011/qzhz-a3y6
http://doi.org/10.1021/es903183r
http://www.ncbi.nlm.nih.gov/pubmed/20337470
http://doi.org/10.26773/mjssm.190309
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5225122/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5225122/
http://doi.org/10.3389/fpubh.2016.00289
http://www.ncbi.nlm.nih.gov/pubmed/28123997
http://doi.org/10.1080/1612197X.2015.1025811
http://doi.org/10.1080/01972243.2018.1438550
http://doi.org/10.1080/0144929X.2020.1801840
http://doi.org/10.1504/IJTMKT.2017.089665
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3808-0
http://doi.org/10.1186/s12889-016-3808-0
http://www.ncbi.nlm.nih.gov/pubmed/27842533
https://domino.fov.uni-mb.si/proceedings.nsf/Proceedings/F1F7033A0D7969EAC125800D00467336/$File/2_Kari.pdf
https://domino.fov.uni-mb.si/proceedings.nsf/Proceedings/F1F7033A0D7969EAC125800D00467336/$File/2_Kari.pdf
http://doi.org/10.1016/j.appet.2011.11.021
http://www.ncbi.nlm.nih.gov/pubmed/22155072
http://doi.org/10.1080/19325037.2017.1343161
http://doi.org/10.1016/j.gerinurse.2015.02.019
http://www.ncbi.nlm.nih.gov/pubmed/25771957
http://doi.org/10.1002/jclp.1142
http://www.ncbi.nlm.nih.gov/pubmed/11793331
http://doi.org/10.1080/08870446.2013.800518
http://www.ncbi.nlm.nih.gov/pubmed/23756082
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-9-20
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-9-20
http://doi.org/10.1186/1479-5868-9-20
http://www.ncbi.nlm.nih.gov/pubmed/22385751
http://doi.org/10.1123/jsep.26.2.191


Sustainability 2021, 13, 7704 10 of 10

27. Etkin, J. The hidden cost of personal quantification. J. Consum. Res. 2016, 42, 967–984. [CrossRef]
28. Cranney, L.; Phongsavan, P.; Kariuki, M.; Stride, V.; Scott, A.; Hua, M.; Bauman, A. Impact of an outdoor gym on park users’

physical activity: A natural experiment. Health Place 2016, 37, 26–34. [CrossRef] [PubMed]

http://doi.org/10.1093/jcr/ucv095
http://doi.org/10.1016/j.healthplace.2015.11.002
http://www.ncbi.nlm.nih.gov/pubmed/26699448

	Introduction 
	Materials and Methods 
	Participants and Inclusion Criteria 
	Motivation Measurements 
	Physical Activity Intervention 
	Motivational Interviewing 
	Procedure 
	Data Reduction 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

