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Abstract

Background: Website-delivered physical activity interventions are successful in producing short-term behavior change. However,
problems with engagement and retention of participants in these programs prevent long-term behavior change. New ways of
accessing online content (eg, via smartphones) may enhance engagement in these interventions, which in turn may improve the
effectiveness of the programs.

Objective:  To measure the potential of a newly developed smartphone application to improve health behaviors in existing
members of a website-delivered physical activity program (10,000 Steps, Australia). The aims of the study were to (1) examine
the effect of the smartphone application on self-monitoring and self-reported physical activity levels, (2) measure the perceived
usefulness and usability of the application, and (3) examine the relationship between the perceived usefulness and usability of
the application and its actual use.

Methods: All participants were existing members of the 10,000 Steps program. We recruited the intervention group (n = 50)
via email and instructed them to install the application on their smartphone and use it for 3 months. Participants in this group
were able to log their steps by using either the smartphone application or the 10,000 Steps website. Following the study, the
intervention group completed an online questionnaire assessing perceived usability and usefulness of the smartphone application.
We selected control group participants (n = 150), matched for age, gender, level of self-monitoring, preintervention physical
activity level, and length of membership inthe 10,000 Steps program, after the intervention was completed. We collected website
and smartphone usage statistics during the entire intervention period.

Results: Over the study period (90 days), the intervention group logged steps on an average of 62 days, compared with 41 days
in the matched group. Intervention participants used the application 71.22% (2210/3103) of the time to log their steps. Logistic
regression analyses revealed that use of the application was associated with an increased likelihood to log steps daily during the
intervention period compared with those not using the application (oddsratio 3.56, 95% confidenceinterval 1.72—7.39). Additionaly,
use of the application was associated with an increased likelihood to log greater than 10,000 steps on each entry (oddsratio 20.64,
95% confidenceinterval 9.19-46.39). Linear regression analysisrevealed anonsignificant relationship between perceived usability
(r =.216, P = .21) and usefulness (r = .229, P = .17) of the application and frequency of logging steps in the intervention group.
Conclusion: Using asmartphone application asan additional delivery method to awebsite-delivered physical activity intervention
may assist in maintaining participant engagement and behavior change. However, due to study design limitations, these outcomes
should be interpreted with caution. More research, using larger samples and longer follow-up periods, is needed to replicate the
findings of this study.
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Introduction

Physical inactivity has been identified asthe fourth-leading risk
factor for global mortality, causing an estimated 3.2 million
deaths annually worldwide [1]. Regardless of the widespread
understanding of the benefits of a physically active lifestyle,
globally 60% of the population are considered insufficiently
activeto receive any health benefits[2]. In an attempt to reduce
rates of physica inactivity, many behavioral modification
programs have been developed [3-5]. Health promotion
researchers have been quick to capitalize on the exponential
growth of the Internet, and over the past decade an increasing
number of interventions have been delivered online [6-11].
There is substantial evidence that online physical activity
promotion programs are successful in producing short-term
behavior change[12-14]. However, problemswith engagement
and retention of participantsin online physical activity programs
have been cited as an important issue preventing long-term
behavior change[15]. In areview of website-delivered physical
activity interventions, attrition ranged from 7% to 69%, with 9
of the 15 studies having an attrition of greater than 20% [15].
Several studies in this review also reported low exposure to
intervention materials, due to adeclinein website logins asthe
intervention progressed [15]. For example, in one study, website
visits significantly declined over the intervention; 77% of all
hits on the website were recorded in the first 2 weeks of the
8-week intervention [16]. It has been suggested that adjunctive
delivery modes may enhance engagement in online physical
activity interventions, which in turn may improve the
effectiveness of the programs [17,18]. For example, the use of
mobile phones in addition to an intervention website might be
beneficial, as phones offer additional convenience and flexibility
for the user, which may increase exposure to intervention
materials[19].

Over the past two decades, mobile phones have evolved
dramatically in both design and function, from simple call and
text devices to the more sophisticated mini-personal computers
known as smartphones. Mobile phones are more prevalent than
computers or Internet access across the globe [20,21], with
smartphones the fastest growing segment of the mobile handset
market [22]. Unlike traditional mobile phones, smartphones
allow individual userstoinstall, configure, and run specialized
applications of their choosing. At the end of 2010, over 17,000
smartphone health applications were available for consumers
to download in major application stores[23]. It isestimated that
500 million people globally, out of a total of 1.4 hillion
smartphone users, will be using health-related smartphone
applications by 2015 [23]. Despite the plethora of health- and
fitness-related smartphone applications available, thereislimited
research into the effectiveness of these applicationsto promote
health behavior change [24,25]. It should be noted, however,
that technologies [26-28] relating to the self-monitoring of
physical activity show promise, but these applications have yet
to establish efficacy in terms of health behavior change. With
consumers estimated to spend approximately a cumulative of
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80 minutes per day using smartphone applications [29], there
isagreat potential for these devicesto assist in health behavior
change.

Some online physical activity programs have successfully
included strategies to engage participants in self-monitoring
behaviors as a means of increasing and maintaining activity
levels [30-32]. One such program is 10,000 Steps
(www.10000steps.org.au). 10,000 Steps is a freely accessible,
ongoing, nonprofit, online physical activity health promotion
program that encourages the use of step-counting pedometers
to monitor daily physical activity levels [33,34]. With over
143,500 members[35] the 10,000 Steps program offersmembers
multiple online interactive features to encourage participants
to be active. One of the most prominent features of the website
isthe Step L og, where participants can record and monitor their
daily physical activity levels [36]. The Step Log function on
the 10,000 Steps website is the catalyst for members to record
and monitor their activity levels. Evidenceindicates that 10,000
Steps members engage with the website for approximately 44
days on average over their membership period [37]. Providing
an dternative tool to log steps for the 10,000 Steps members,
such as a smartphone application, may increase the duration of
engagement in theintervention, dueto theincreased convenience
such applications provide in eliminating the need to be at a
computer to log steps. This may be important, as there is
substantial evidence that the more frequently individualsengage
with an online health intervention, the more likely they are to
improve or maintain health-related behaviors [38]. To our
knowledge thisremains untested in regard to the self-monitoring
of physical activity using both smartphone and website
platforms.

Thus, the purpose of this study wasto measure the effectiveness
of a smartphone application, the iStepLog, to improve health
behaviors in existing members of an online physical activity
program (10,000 Steps, Australia). The aims of the study were
to (1) examine the effect of the smartphone application on
self-monitoring and self-reported physical activity levels, (2)
measure the perceived usefulness and usability of the
application, and (3) examine the relationship between the
perceived usefulness and usability of the application and its
actual use.

Methods

Participants

In afirst step to test the potential of the iStepLog, we recruited
intervention participants from the 10,000 Steps program, via
an email (n = 6067) to members who had remained engaged
with the intervention over a period of time (logged steps on at
least one occasion in the 3 months preintervention). A total of
91 individuals responded, of whom 50 (24 women) met the
inclusion criteria of having access to an iPhone or iPod touch
for the duration of the study, as the iStepLog application was
designed for the Apple platform. The study design wasa2-arm
matched case—control trial. Intervention participants were
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matched to a control group (n = 150) of current 10,000 Steps
members who were comparable in age, gender, length of
membership, and average number and frequency of stepslogged
for the 3 months immediately preintervention. We specifically
chose these matching characteristics, as they are potential
confounding variables when comparing the two groups.

Application

The iStepLog application was designed to allow members of
the 10,000 Steps program to record their daily physical activity
levels on their mobile device and synchronize thisinformation
with their online Step Log (see Figure 1). Built-in tracking
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software wasintegrated into the application to allow researchers
to monitor how much time participants spent using the
application, how often they used the application to log steps,
and which features of the application were most popular. Prior
to thisresearch, 10,000 Steps staff conducted alaboratory-based
usability study using qualitative and quantitative measures to
systematically improve the usability of the design of the
iStepLog application. The outcomes of this research revealed
that improvementsto the i StepL og application in both aesthetic
design and functionality resulted in increased performance of
the application, in terms of both efficiency of use and a
decreased number of problems experienced by users.

Figure 1. Design of iStepLog application. Top, left to right: login screen, step log screen, enter steps screen. Bottom, left to right: review steps screen,

sync to Web screen, syncing screen.
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Procedures

After providing informed consent, the intervention group
received the iStepLog application, to use on their own iPhone
or iPod touch for 3 months. Participants in the intervention
group were emailed an attachment with thei Stepl og application,
with instructions on how to install it on their smartphone. Over
the course of the 3-month intervention (August to October
2009), these participants were able to log their steps either by
using the iStepl og application on their device or by using the
10,000 Steps website (see Figure 2). Intervention participants
were freeto use either technology asthey preferred; we did not
require participants to continue to use the website during the
intervention. Immediately following the study, we asked the
intervention participants to complete a 10-item questionnaire
concerning the usability and usefulness of the iSteplLog
application (see Table 1).

We selected matched group participants retrospectively, with
the primary investigator blinded to the study period data and a
strict protocol adopted. The matching procedure was performed
for each intervention participant. The protocol followed wasto
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first identify thoseindividuals comparablein age (within 1 year
either side) and of the same gender of the intervention
participant. Of these individuals, we then isolated a cohort of
possible matches. Possible matches had to be comparable for
the number of stepslogged each month (within 1000 steps either
side) for the 3 months preintervention, aswell as the frequency
at which stepswerelogged each month (within one entry either
side). From this selection, we chose the 3 individual s who most
closely matched the length of time the intervention participant
had been amember of 10,000 Steps. Matched group participants
did not have access to the iSteplog application until after the
completion of the study, when the application was officialy
launched in November 2009 and became available for dowload
in Apple's online store (as of March 2012, more than 20,000
downloads of the application have been registered by Apple
iTunes). On joining the 10,000 Steps program, the matched
group participants had provided consent for their datato be used
for research purposes. Ethics approval was gained from
CQUniversity Human Research Ethics Committee prior to
commencement.

Figure 2. Procedure for intervention participants to upload their daily steps to the 10,000 Steps Web server.

Wireless

A

Internet Connection

h ¥

£
yr

M easures

Data concerning participants’ usage of theiSteplL og application
and 10,000 Steps website were collected. This information
included total number of steps logged over the period of the
intervention; total number of days steps were logged; total
number of days stepswere logged viathe application compared
with a Web browser; and time spent using the iSteplLog
application on each occasion over the intervention period. As
the iStepL og was not designed to automatically monitor steps,
participants self-reported their step count and may have used a
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10,000 Steps-supported pedometer (Yamax Digiwalker; Yamasa
Tokel Keiki Co, Ltd, Tokyo, Japan), which is known to have
high reliability [39] and validity [40], or they may have used a
pedometer of another brand; we did not know the participants
choice of pedometer.

When completing the usability and usefulness questionnaire,
intervention participants rated their experience using a 5-point
Likert scale (ranging from 1, strongly disagree to 5, strongly
agree). The questions were based on a similar survey from a
study evaluating the usability of the 10,000 Steps website [41].
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Statistical Analysis

We cal cul ated descriptive statistics and meansfor al variables.
The continuous variable of total number of days on which steps
werelogged was dichotomized to those parti cipants who logged
steps every day and those who did not log steps every day,
regardless of the device used to log steps (computer or
smartphone). We selected this dichotomization because it has
been suggested that the daily monitoring of physical activity
levels alone may be enough to facilitate a change in behavior
[42]. Logistic regression analyses were conducted to calculate
the odds ratios and 95% confidence interval s of theintervention
group logging steps on adaily basis and recording over 10,000
steps on each entry, compared with the matched group.
Measured by Likert scale data, subjective usability and
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usefulness survey items from the intervention group were
reverse scored so that higher values represented morefavorable
responses to the questions. We performed factor analysis using
principal components analysis and varimax rotation on the
overal scale to identify factors within the overall scale. Factor
analysis provided two definable factors with eigenvalues over
1.0, and all items had factor loadings of at least 0.5; both factors
contained five questions each. One item (question 6) displayed
significant cross-loading on both factors, and we determined
that from atheoretical perspectivethisitem aligns more closely
with the second factor; we therefore included this item on the
second factor for all subsequent analysis. Table 1 lists questions
included in the first factor, defined as usability (questions 1 to
5). We defined the second factor (questions 6 to 10) as
usefulness.

Table 1. Outcomes of the usability and usefulness questionnaire (n = 44), rated on ascale from 1 (strongly disagree) to 5 (strongly agree).

Questionnaire item Rating, Agree or strongly
mean (SD) agree, n (%)
Usability
1 | think the i StepL og application is user-friendly 4.45 (0.66) 91% (40/44)
2 | like the overall presentation and layout of the i SteplLog application 4.24 (0.66) 89% (39/44)
3 | was able to easily find my way around the i StepL.og application 4.48 (0.59) 95% (42/44)
4 | was able to easily enter and edit my stepsin the application 4.39 (0.65) 91% (40/44)
5 | was able to easily sync my steps to the 10,000 Steps website 4.21(0.81) 80% (35/44)
Scale average of questions 1to 5 4.35(0.67) 89% (39/44)
Usefulness
6 It was convenient for me to use the i SteplLog application 4.50 (0.70) 89% (39/44)
7 | prefer to use the i Steplog application rather than go to the 10,000 Stepswebsite  4.35 (0.75) 84% (37/44)
to enter my steps
8 The iSteplog encouraged me to log my steps more often than before it was 4.00 (0.83) 80% (35/44)
available
9 | didn’t visit the 10,000 Steps website as often because | used the i StepLog appli- 4.33 (0.76) 84% (37/44)
cation
10 | would like to continue using the i Stepl.og application 4.47 (0.70) 89% (39/44)
Scale average of questions 6 to 10 4.33(0.75) 84% (36.8/44)

Usahility and usefulness scores were cal culated as the mean of
scale items. We used separate linear regression models to
examine the relationship between use of the application
(dependent variable), in terms of total number of days
participants logged steps, and the perceived usability and
usefulness of the application (independent variables). We used
PASW version 18.0 (IBM Corporation, Somers, NY, USA),
with the significance level being set at apha=.05.

Results

Table 2 outlines the variables matched for both groups. The
average age of intervention group participants was 39.3 (SD
12.8) years and covered awide age range (17 to 64 years); and
48% (n = 24) were women. As the intervention sample was
matched with 10,000 Steps participants with similar
demographics, the average age in the matched group was 40.1
(SD 12.1) years and 48% (n = 72) were also women.

http://www.jmir.org/2012/2/e55/

Intervention and matched participants were matched on the
amount of time they had been members of the 10,000 Steps
program, ranging from 40 to 820 days. An independent t test
revealed no significant differencein the duration of membership
(tigg = 0.779, P = .44) between the intervention and matched

participants.

Table 3 outlines the findings concerning use of the iStepLog
application of the 10,000 Steps program. Over the study period,
the frequency with which participants logged steps declined
significantly in the matched group (61 days preintervention, 41
daysintervention), compared with theintervention group, which
maintained their frequency of logging (61 days preintervention,
62 days intervention). In the 3 months preintervention, both
groupswere logging on average 10,000 steps on each occasion.
During the study period theintervention group maintained their
step count, but the matched group logged a significantly lower
number (mean 6274.73, SD 2106.11 steps, P < .001). Logistic
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regression analyses revealed that use of the application was
associated with an increased likelihood to log steps on a daily
basis during the intervention period compared with those not
using the application (oddsratio 3.56, 95% confidence interval
1.72-7.39). Additionally, we found that the use of the
application was associated with an increased likelihood to log

Table 2. Matched variables for the intervention and matched groups.

Kirwan et al

greater than 10,000 steps on each entry (odds ratio 20.64, 95%
confidence interval 9.19-46.39). Further analysis revealed that
that the intervention group used thei StepLog application 71.22%
(2210/3103) of the time to log steps when compared with a
traditional Web browser (893/3103, 28.8%). Participants spent
approximately 9 seconds using the application on each occasion.

Intervention Matched P value
(n=50) (n=150)
Age (years), mean (SD) 39.3(12.8) 40.1 (12.1) .97
Gender (female), n (%) 24 (48%) 72 (48%)
Length of membership (days), mean (SD) 426.79 (373.18) 430.31 (389.24) 44
Steps logged per day in the 3 months preintervention, mean (SD)  10980.33 (3308.36) 10635.43 (3987.20) .67
Total days steps logged 3 months preintervention, mean (SD) 60.90 (11.02) 61.30 (10.06) .94
Table 3. Self-monitoring results for the intervention and matched groups over the 3-month intervention period.
Intervention Matched
(n=50) (n=150)
Total days steps logged, mean (SD) 62.06 (12.48) 41.36 (12.25)*
Daily steps logged across study period, mean (SD) 11140.22 (4121.33) 6274.73 (2106.11)*
Ratio of stepslogged using iStepLog application, n (%) 2210/3103 (71.22%) NA2
Total timeiStepL og application used per participant (minutesover intervention  11.1 (3.74) NA2
period), mean (SD)
Time per usage (seconds), mean (SD) 9.33(3.22) NA2

@Not applicable.

Table 1 shows the mean scores for the 10 usefulness and
usability questionnaire items. In the intervention group, 6
participants did not completethefinal questionnaire. Over 80%
of respondents reported either agreeing or strongly agreeing
with each item, which resulted in ahigh mean overall scorefor
usefulness (mean 4.33, SD 0.75) and usability (mean 4.35, SD
0.67). Internal consistency (Cronbach alpha) for the usability
(alpha = .88) and usefulness questionnaire items (alpha = .88)
was high, indicating acceptablereliability of the measure. Linear
regression analysis on both factors revealed a nonsignificant
relationship between perceived usability (r =.216, P =.21) and
usefulness (r = .229, P = .17) of the application and frequency
of logging steps within the intervention group.

Discussion

This study examined the effectiveness of a smartphone
application in increasing the frequency of self-monitoring of
physica activity in active members of the online-delivered
10,000 Steps program. Thereislimited research measuring the
usage of a health-related smartphone application and its effect
on the behavior of users. The mgjority of health applications
available for consumers are funded by commercial
organizations, which are disinclined to distribute their usage
information in a competitive market.

http://www.jmir.org/2012/2/e55/

TheiStepL og application was devel oped as an additional mode
of delivery, to supplement the existing online method of
interaction with the 10,000 Steps program. This research
revealed that the iSteplog application assisted participants in
maintaining engagement with the program. This is in contrast
to the matched group, which had a significant decline in the
frequency and number of steps logged over the intervention
period. The differencein average daily steps between the groups
is important from a health perspective because, according to
established guidelines [43], the intervention group was
considered to be active before the intervention and maintained
this level of physical activity during the intervention period.
Similarly, the matched group was considered to be active prior
to the study period; however, this group declined to a level
considered as somewhat active. Thefinding that theintervention
group maintained their frequency of logging steps and the
amount of activity over the study period isencouraging, asthere
is substantial evidence that the more frequently individuals
engage with an online health intervention, the more likely they
are to improve or maintain health-related behaviors [38].
Glasgow and colleagues [44] measured usage patterns of their
diabetes self-management website and found that greater use
of the website, and especially engagement in self-monitoring,
was related to greater improvement in physical activity. Over
the 4-month intervention period (112 days), diabetes patients
logged their activity levels on average 53% of the time (59
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days). In comparison, our study, conducted over 3 months (90
days), found that intervention participants logged their activity
levels 69% of the time (62 days). The frequency with which
participants logged steps was much higher in our study, and
thismay be attributed to the addition of theiStepL og application.
Further research needsto be conducted to eval uate thelong-term
impact on health outcomes, incorporating objective measures
of physical activity.

The high usage frequency (average of 40 times during the study
period) and proportion of time (71% smartphone vs 29%
website) the iStepLog application was used, and the high
usability and usefulness scores suggest that intervention
participants not only liked the design of the application, but also
found it convenient and used it frequently. In our research,
usability and usefulness of the iStepLog application were not
significantly correlated with usage. Thisislikely dueto the high
usability and usefulness scores recorded across al intervention
participants; thisceiling effect limitsthe variability in the scores
to enable such a correlation.

Usage of the iStepLog application was high, when compared
with a recent survey conducted by the Consumer Health
Information Corporation, which found that smartphone
applications have a high rate of dropouts, with 26% being used
only once and 74% being discontinued by the 10th use [45].
Thisisencouraging, asit is established that for a user to adopt
and frequently use a smartphone application they must consider
it both usable and useful [46]. Considering that lack of usability
and usefulness are top reasons for users to discontinue
smartphone application usage [45], our findings illustrate how
important it is not only to measure uptake and usage of
smartphone applications, but also to consider measuring
usability and usefulness, as this influences long-term adoption
[47]. The average time spent using the application on each
occasion in this study (9.3 seconds) is at the lower end of the
range reported by others, ranging from 10 to 250 seconds[48].
In light of the intent of the iStepLog application to log steps
and of the high usability scoresin this study, we do not view
this as a negative; rather it is consistent with the intent and
design of the application to provide participants with a
time-efficient mode of logging steps.

The effectiveness of smartphone applicationsto improve health
behaviors is an emerging field of research. Abroms and
colleagues [49] have examined the quality of the content
provided in smoking cessation smartphone applications. They
found that the 47 applications had low levels of adherence to
established guidelines for smoking cessation [49]. Abroms and
colleagues recommended that current applications be revised
and all future applications be devel oped around evidence-based
practices. With no current regulation of the health advice
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provided in smartphone applications, their recommendations
are pertinent. Quality control is definitely a concern and very
relevant considering the plethora of health applications (17,000)
available for smartphone users [23]. Companies such asApple
have established guidelines for smartphone applications
development, but these guiding principles relate solely to
aesthetic design and functionality, and not to content. As
Abroms and colleagues’ [49] research highlighted, many
health-related smartphone applications are providing
misinformation. Further research needs to be conducted to
establish both the quality of information provided and the
efficacy of these applicationsin improving consumer health.

Several limitations of this study should be noted. This study
design was a matched case—control trial of short duration with
asmall sample size, and this limits the generalizability of the
findings. Due to the low response rate and eligibility criteria
(being a 10,000 Steps member and owning an iPhone),
intervention group participants were not representative of the
wider population. Theintervention group was al so self-sel ected
and may have been more motivated than the matched group;
however, we attempted to limit this by matching this group on
key demographic variables. A further limitation is that
intervention participants knew they were part of aresearch study
and were given an innovative self-monitoring tool, and thismay
have influenced their behavior, whereas this was not the case
in the control group. Concomitantly the matched group did not
receive a stimulus, and this may explain their lack of
engagement and interaction with the 10,000 Steps program over
the study period. Despite these limitations, this research
contributes to a paucity of work concerning smartphone
applicationsand their use as ahealth promotion tool. Theresults
of this study highlight the importance of continuing to evaluate
the effectiveness of smartphone applicationsto influence health
behaviors.

The outcomes of this study suggest that the use of asmartphone
application to self-monitor physical activity may assist in
maintaining an active lifestyle. Further, providing asmartphone
application as an adjunct tool for the delivery of an online
physical activity promotion program may assist with maintaining
participant engagement. From this study we have gained insight
into the potential of smartphone applicationsto improve health
behaviors. However, due to study design limitations, the
outcomes should be interpreted with caution. More research is
needed to determine the long-term outcomes of adopting this
third generation of wireless technology as a tool in health
promotion. In particular, examining the effectiveness of the
i StepLog application among new users not previously exposed
to a physical activity intervention could provide important
insight into the effectiveness of this technology in supporting
behavior change.
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