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Abstract

Background Rapid developments in technology have
encouraged the use of smartphones in physical activity
research, although little is known regarding their effec-
tiveness as measurement and intervention tools.

Objective This study systematically reviewed evidence
on smartphones and their viability for measuring and
influencing physical activity.

Data Sources Research articles were identified in Sep-
tember 2013 by literature searches in Web of Knowledge,
PubMed, PsycINFO, EBSCO, and ScienceDirect.

Study Selection The search was restricted using the terms
(physical activity OR exercise OR fitness) AND (smart-
phone* OR mobile phone* OR cell phone*) AND (mea-
surement OR intervention). Reviewed articles were
required to be published in international academic peer-
reviewed journals, or in full text from international scien-
tific conferences, and focused on measuring physical
activity through smartphone processing data and
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influencing people to be more active through smartphone
applications.

Study Appraisal and Synthesis Methods Two reviewers
independently performed the selection of articles and
examined titles and abstracts to exclude those out of scope.
Data on study characteristics, technologies used to objec-
tively measure physical activity, strategies applied to
influence activity; and the main study findings were
extracted and reported.

Results A total of 26 articles (with the first published in
2007) met inclusion criteria. All studies were conducted in
highly economically advantaged countries; 12 articles
focused on special populations (e.g. obese patients). Stud-
ies measured physical activity using native mobile features,
and/or an external device linked to an application. Mea-
surement accuracy ranged from 52 to 100 % (n = 10
studies). A total of 17 articles implemented and evaluated
an intervention. Smartphone strategies to influence physi-
cal activity tended to be ad hoc, rather than theory-based
approaches; physical activity profiles, goal setting, real-
time feedback, social support networking, and online
expert consultation were identified as the most useful
strategies to encourage physical activity change. Only five
studies assessed physical activity intervention effects; all
used step counts as the outcome measure. Four studies
(three pre—post and one comparative) reported physical
activity increases (12-42 participants, 800-1,104 steps/
day, 2 weeks—6 months), and one case-control study
reported physical activity maintenance (n = 200 partici-
pants; >10,000 steps/day) over 3 months.

Limitations Smartphone use is a relatively new field of
study in physical activity research, and consequently the
evidence base is emerging.

Conclusions Few studies identified in this review con-
sidered the validity of phone-based assessment of physical
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activity. Those that did report on measurement properties
found average-to-excellent levels of accuracy for different
behaviors. The range of novel and engaging intervention
strategies used by smartphones, and user perceptions on
their usefulness and viability, highlights the potential such
technology has for physical activity promotion. However,
intervention effects reported in the extant literature are
modest at best, and future studies need to utilize random-
ized controlled trial research designs, larger sample sizes,
and longer study periods to better explore the physical
activity measurement and intervention capabilities of
smartphones.

1 Introduction

Physical activity promotion makes an invaluable contri-
bution to the global public health agenda, through pro-
grams that target a diverse range of diseases, in different
groups, settings, and countries [1]. Meta-analyses highlight
the positive effects of physical activity promotion pro-
grams, but also the ongoing challenges for physical activity
promoters, particularly in regard to maximizing interven-
tion reach at the population level [2].

Technical innovations provide significant opportunities
for physical activity promoters to reach populations.
Internet-based interventions have the potential to encour-
age small, but significant physical activity changes, with a
minimal outlay of time and effort [3], while the advent of
smartphones allow access to Internet and applications
(apps) ‘on the move’. Currently, about 6.8 billion people
worldwide use mobile phones; global smartphone pene-
tration is now 29.5 % and, in 2014, the worldwide
smartphone shipments are forecast to grow 40 % to 1.0
billion units per year [4-6]. The level of connectivity and
reach afforded by this technology, combined with the fact
that mobile phones are often carried throughout the day,
highlight the value of smartphones as a medium for
measuring and influencing physical activity in real time
[7].

Some reviews have evaluated the efficacy of mobile
phones in general health promotion interventions, reporting
that these devices can help improve health outcomes and
care processes through monitoring, managing, and edu-
cating patients [2, 8, 9]. Reviews on mobile phone-based
physical activity interventions are scarce and include only
three studies, one of which provided evidence supporting
the positive effects of interventions using the Internet,
computer kiosks, and mobile phones in young people [10].
Another focused on mobile phone interventions to reduce
inactivity and weight and demonstrated the beneficial
impact of text messaging or apps for this purpose [11]. The
third and most recent study, a meta-analysis of studies that
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principally used mobile devices and text messaging to
increase physical activity, highlighted the potential that
mobile devices have for positively influencing physical
activity behaviors [12]. However, this review did not spe-
cifically focus on smartphone technology, or, importantly,
evaluate data on the application and accuracy of this
technology for physical activity measurement, or user
engagement.

To our knowledge, no previous study has completed a
comprehensive review of the use of smartphones in phys-
ical activity measurement and promotion. Given the
increasing interest in this technology within the field of
physical activity, and the lack of an overview to guide
future research efforts, a review of the extant literature
seems timely. The aim of the present study was to under-
take a systematic review of available evidence, with a
specific focus on examining the extent to which smart-
phones can effectively be used to measure and influence
physical activity.

2 Methods
2.1 Literature Search

The databases Web of Knowledge (MEDLINE and Web of
Science), PubMed, PsycINFO, EBSCO (CINAHL &
SPORTDiscus), ScienceDirect, and Scopus were searched
for relevant articles to September 2013. We performed a
keyword search using the terms physical activity OR
exercise OR fitness AND smartphone* OR mobile phone*
OR cell phone* AND intervention OR measurement. To
attain additional eligible articles, the reference lists of the
located studies were also checked.

2.2 Selection Criteria

In order to be included in the review, articles were required
to be published in international academic peer-reviewed
journals, or in full text from international scientific con-
ferences (book chapters, abstracts of conference proceed-
ings, and dissertations were excluded) and to have
monitored physical activity patterns objectively either with
native sensors or external sensors and/or promoted physical
activity through smartphone apps. Studies only using text
messages, or those that measured physical activity only
through mobile phone-based questionnaires, were not
included.

Two reviewers independently performed the selection of
articles and examined titles and abstracts to exclude those
out of scope (JBR and NG). Any disagreements on inclu-
sions were resolved through discussions between three
reviewers (JBR, NG, and ST).
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2.3 Data Extraction

For selected articles, details on source (authors, year, and
country), study aim, population, and study description were
extracted. For articles that tested measurement accuracy,
we extracted data on the technologies used to assess
physical activity patterns, smartphone placement, the
activity recognition algorithm, the different behaviors
measured, and the accuracy of the data. For intervention
articles, we extracted data on study design, technologies
used to measure physical activity, behavior change strate-
gies and, where appropriate, the theoretical framework on
which the intervention was based. Primary intervention
results extracted were the effect of the intervention on
physical activity and health-related outcomes, participant’s
perceptions of intervention, and engagement and usage
rates of the app.

)

3 Results
3.1 Study Selection

The literature searches yielded 441 unique, potentially rel-
evant abstracts (Fig. 1). After excluding records that were
out of scope, the full text of 196 records were checked. In
all, 170 of these articles did not meet the inclusion criteria;
main reasons were because the articles did not measure
physical activity through smartphone processing data
(n = 80; 47 %), did not aim to influence physical activity
(n = 55; 32 %), or study outcomes were not physical
activity related (n = 28; 17 %). Proposed smartphone
physical activity studies or concept articles (n = 4; 2 %),
and focus group studies and commercial reviews of apps on
the market (n = 3; 2 %) were not selected for full review.
This resulted in 26 articles being included in the review.

Fig. 1 Search and exclusion
process. App mobile phone c
application 2 # of records identified through # of additional records identified
3 database searching through other sources
b 1,878 4
c
S
) A \ 4
— # of records after duplicates removed
1,505 # of records excluded
(titles not relevant)
g) -~ 1,064
c
)
o y
5 # of records excluded
@ # of records screened p»  (full-text not available,
441 book chapters, abstracts
of conference, and
—_— dissertations)
— 245
v
=y # of full-text articles o _
3 assessed for eligibility # of full-text articles
=) 196 excluded
w 170
80 did not measure
— physical activity through a
) v smartphone
# of studies included in 55 did not influence
S qualitative synthesis physical activity through
3 26 an app
=] 28 outcomes not of
2 interest
- 4 were proposed studies
3 were focus group
— studies or commercial
reviews of apps on the
market
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3.2 Paper Characteristics

Selected articles emerged into three main categories: arti-
cles that tested measurement accuracy, with the aim of
influencing physical activity in subsequent studies (n = 9)
[13-17], those that concurrently tested measurement
accuracy and influenced physical activity through inter-
vention (n = 1) [18], and those that intervened, but did not
test measurement accuracy (n = 16) [19, 20].

Table 1 describes the aims and characteristics of selec-
ted papers relative to these categories, with the first two
articles published in 2007 [18, 21], and the highest number
of articles (seven) published in 2010. A variety of countries
were represented, with the majority of studies originating
from the USA [15, 21-26], Germany [13, 27, 28], and
Finland [29-31].

Twelve articles focused on chronic diseases and reha-
bilitation programs in overweight and obese adolescents
[27, 28] or adults [21, 31, 32]; chronic obstructive pul-
monary disease [25], metabolic syndrome [33], diabetes
[19], cardiac [29, 34], or psychological rehabilitation [30]
patients; and the elderly in special care [13]. Fourteen
articles focused on non-clinical samples in the general
population [14, 22], or adolescents [26], adults [15-18, 35—
37], and women [23, 24]. One article developed a smart-
phone application to reduce sitting time in office workers
[20].

3.3 Measuring Physical Activity

Tables 2 and 3 highlight the different types of smartphone
measurement technologies used. In addition to objectively
monitoring physical activity, several studies added self-
report data concerning activity context, other health-related
behaviors, or activities not able to be recorded by the
measurement sensor (e.g. water activities) using an app
diary [19, 21, 33, 34, 37].

Regarding objective measurement, we found studies that
used either an external device (where data were transferred
automatically via Bluetooth connection) or entered manu-
ally by the user into the smartphone app, processing data;
other studies used the native features of the smartphone to
measure and process the data. Eleven studies used an
external measurement device such as a pedometer [19, 21,
25, 26, 30, 33, 37], an accelerometer-based motion sensor
[14], or an external multi-sensor device that included an
accelerometer and heart rate sensor [29].

Twelve studies monitored physical activity using native
smartphone features; most of these studies used an accel-
erometer housed in the phone [13, 17, 20, 34-36]. Other
technologies included a digital watch control estimating
energy expenditure from activity duration [32], monitoring
of the fluctuation of the phone’s signal strength [18], or a

@ Springer

combination of different kinematic sensors (accelerometer,
gyroscope [15, 16], and magnetic sensor) [16]. One study
measured physical activity with an external device and the
smartphone’s in-built accelerometer [27, 28].

3.3.1 Measurement Accuracy

Ten studies described the accuracy of the physical activity
data measured by the smartphone [13, 15-18]; the key
findings from these studies are summarized in Table 2.
Phone or external sensor position for physical activity
recognition varied across studies, and included placement
in the waist-hip area (pocket or clipped to a belt) [13, 15,
17, 35, 36], on the chest, in a bag, held in the hand [16, 22,
29], on an armband [15], or placed on the foot [14]; one
study did not specify a position and assessed accuracy
during normal smartphone use [18]. Physical activity was
measured using a variety of supervised and non-supervised
machine learning algorithms, using tri-axial acceleration
data from the phone’s native sensor [13, 15-17, 35, 36] or
an external accelerometer device [14, 29]. Algorithms were
trained to recognize a range of activities (walking, running,
climbing stairs) and postures (standing, sitting, lying), as
well as transitions between different behaviors and/or
postures. Overall, studies reported measurement accuracy
ranging from 52 to 100 %.

3.4 Influencing Physical Activity

Table 3 summarizes the results of intervention studies,
including the strategies used, underpinning theoretical
frameworks, major findings, and participant perspectives
and engagement.

3.4.1 Behavior Change Theories and Intervention
Strategies

Five interventions were based on behavior change theo-
ries, including social cognitive theory [18, 25, 30, 33], and
the trans-theoretical model [18]. However, a range of
interactive strategies and approaches were used to
encourage physical activity change. Several interventions
were implemented only through the smartphone [19-21,
24, 27, 28, 31, 32], whereas other interventions connected
the app to a website [18, 25, 33, 34, 37]. Web technology
served three purposes: as a support platform to provide
individual feedback and health-related information [18,
33, 34]; as a social support network to share physical
activity levels achieved during the intervention, as well as
intervention experiences between friends [18, 26]; and for
health professionals, especially in clinical diseases or
rehabilitation programs, to check the progress of users [25,
33, 34].
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One study [37] used a case-control study design to
evaluate the effectiveness of a web-based intervention that
used an app to log daily steps. Participants who used the
app and the website were able to maintain mean levels of
physical activity above 10,000 daily steps, while existing
participants of the website program who did not access the
app significantly reduced their physical activity levels by a
mean of 4,000 steps/day after 3 months of membership
(p < 0.001).

3.4.3 Participant Perspectives and Engagement

Twelve studies used either a quantitative or a qualitative
approach to assess participant perspectives and usability of
the smartphone. Users highlighted monitoring their physi-
cal activity profile [21, 38], real-time feedback [19, 25, 30,
38], social networking [18, 26], expert consultation support
[34], and goal setting as key features that facilitated
physical activity engagement [19, 38], as well as the
usability of the app [18-20, 25, 28, 30, 34, 37]. A number
of studies highlighted other features that tended to limit
engagement, such as disruptive issues with the use of
prompts and auditory signals [21] and text messaging that
was perceived unfavorably among older age participants
[25]. In one study, competition-based strategies were per-
ceived negatively among adolescent girls [26].

Nine studies evaluated compliance, with frequency of
use ranging from two times a week to 34 times a day [18,
19, 30, 32]. Two studies showed considerably higher usage
rates when the app was combined with an external
pedometer [24], or an in-built accelerometer [34]. Another
study reported a higher usage rate for an app-based dietary
and physical activity diary (87.1-99.1 %) compared with a
paper dietary and physical activity diary (59.3-60.7 %)
[21]. In the 10,000 Steps study [37], app use was associated
with an increased likelihood of logging daily steps during
intervention, compared with website use alone, and with an
increased likelihood of logging more than 10,000 steps on
each entry. Finally, Nguyen et al. [25] reported that par-
ticipants who used an app solely as a self-monitoring tool
for 6 months demonstrated lower usage rates (67 %) than
those who also self-monitored and received feedback on
progress (87 %).

4 Discussion

This study reviewed smartphone use in physical activity
measurement and promotion research. Based on our data,
physical activity studies that measured and aimed to
influence physical activity using this technology were first
published in 2007 [18, 21]. Increases in the rates of pub-
lication across our review period are also noticeable,

@ Springer

highlighting smartphone technology as an emerging and
fast developing field of enquiry within physical activity
research. This trend is likely to continue as smartphone
technologies become more accessible (and acceptable) as a
physical activity measurement and intervention tool.

The 26 studies identified covered a range of chronic
diseases and non-clinical settings across the lifespan.
Studies originated from a variety of highly ranked gross
domestic product (GDP) countries [39], highlighting a need
for research in lower- and middle-income nations, where
mobile phone proliferation (which will include earlier- as
well as later-generation smartphone technology) is highest
[4]. A focus on lower socio-demographic groups in high-
income countries, where low physical activity and health
risks cluster [40], is also warranted, particularly given that
these groups tend to use mobile phones the most [41]. Pratt
et al. [42] support this position, and suggested that the
greatest health potential of mobile phone technology rests
with its capacity to reach populations with restricted access
to interventions or healthcare information.

Physical activity data were monitored using external
devices, native smartphone sensors, or a combination of
both. Pedometers were the most commonly used external
device, with step counts entered manually into the phone.
Native mobile sensors improved activity recognition and
real-time compliance measurement [43], although battery
life may limit this approach over longer measurement
periods [20]. We identified seven studies that used in-built
mobile accelerometers [13, 15-17, 35, 36], and a variety of
algorithms, to recognize physical activity (as well as tran-
sitions between sedentary and non-sedentary activities).
These studies reported average-to-excellent levels of mea-
surement accuracy, with the mobile phone placed mainly in
the waist-to-hip area. Two of the most recent studies in this
area reported that activities such as sitting, standing,
walking, and jogging can be recognized with relatively high
accuracy using an in-built tri-axial accelerometer, gyro-
scope [15, 16], and magnetic sensors [16]. However, mea-
surement accuracy was mainly assessed with small samples
completing a limited set of standardized activity trials.
Future advances will see physical activity studies adopting
statistical pattern recognition algorithms that use a combi-
nation of smartphone motion sensors [7], under free-living
conditions with larger and more diverse samples.

Similar to a review on children and adolescents [10],
and a meta-analysis of general mobile devices used for
physical activity promotion [12], we found a lack of
interventions based on behavioral change theories. In the
present review, five smartphone intervention studies [19,
23, 25, 33, 37] evaluated physical activity effects—none of
these studies connected in-built accelerometers and physi-
cal activity measurement to intervention processes, instead
using pedometers and user-entered step counts as an



Measuring and Influencing Physical Activity with Smartphone Technology 685

outcome measure. Further to this, measuring and influ-
encing physical activity through a smartphone was related
to weight reduction and improvements in other cardiovas-
cular risk factors, as well as quality of life, although studies
were few in number [27, 32, 33] and generally lacking a
comparative or control group design. For physical activity
specifically, step count changes were small (but positive
and significant), and observed over short intervention and
measurement periods, in small sample sizes. Evidence on
intervention effectiveness is therefore limited, emerging,
and in need of well designed studies that provide causal
data on health risk and behavior change through in-built
measurement sensors. Two recently published protocol
papers provide encouraging indications that research is
developing in this direction [44, 45]; both studies propose
randomized controlled trial designs using in-built sensors
and apps to measure and influence physical activity for
chronic disease prevention and outpatient cardiac rehabil-
itation, respectively.

Participant perspectives and compliance were commonly
assessed within intervention studies. Physical activity pro-
files, real-time feedback, social networking, expert consul-
tation, and goal setting were identified as key features that
facilitated physical activity engagement. Interestingly, a
number of studies highlighted other features that limited
engagement, such as disruptive prompts and auditory sig-
nals, text messaging, and competition-based strategies.
Intervention compliance was higher when app rather than
hard copy diaries where used, and even higher when
objectively measured physical activity was connected to
feedback and goal setting. Together, these findings high-
light the importance of using smartphone features to pro-
mote engagement and compliance, a suggestion reinforced
by Kirwan et al. [46], who advocate the need to pay special
attention to app design, feedback, navigation, and termi-
nology in order to maximize utility and ease of use.

In presenting our findings, we recognize a number of
study strengths and limitations. This is the first study to
comprehensively review data on smartphone technology
and its use in physical activity measurement and promo-
tion. We argue that these two processes are inextricably
linked, and together provide new and exciting opportunities
for real-time feedback and momentary (or point of deci-
sion) intervention strategies. The relatively small number
of studies identified, which were characterized by poorer
quality research designs, small sample sizes, and short
study periods, was the main limitation of the present study.

5 Conclusions

The findings suggest that smartphone technology can
accurately measure a range of behaviors. This, together

with the variety of novel and engaging intervention strat-
egies used by smartphones, and user perceptions on their
usefulness and viability, highlights the potential such
technology has for physical activity promotion. We
emphasize that the evidence base is emerging (if devel-
oping) and relatively limited. To better inform our under-
standing of effectiveness, and thereby strengthen
translational efforts, well designed studies are needed that
comprehensively assess physical activity measurement
accuracy and long-term intervention effects. Importantly,
researchers should undertake work with more diverse and
appropriately powered samples and rigorous study designs.
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