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Abstract

Background: Smartphones are ideal for promoting physical activity in those with little intrinsic motivation for
exercise. This study tested three hypotheses: H1 — receipt of social feedback generates higher step-counts than
receipt of no feedback; H2 - receipt of social feedback generates higher step-counts than only receiving feedback
on one’s own walking; H3 - receipt of feedback on one’s own walking generates higher step-counts than no
feedback (H3).

Methods: A parallel group randomised controlled trial measured the impact of feedback on steps-counts. Healthy
male participants (n = 165) aged 18-40 were given phones pre-installed with an app that recorded steps continuously,
without the need for user activation. Participants carried these with them as their main phones for a two-week run-in
and six-week trial. Randomisation was to three groups: no feedback (control); personal feedback on step-counts; group
feedback comparing step-counts against those taken by others in their group. The primary outcome measure, steps
per day, was assessed using longitudinal multilevel regression analysis. Control variables included attitude to physical
activity and perceived barriers to physical activity.

Results: Fifty-five participants were allocated to each group; 152 completed the study and were included in the
analysis: n =49, no feedback; n = 53, individual feedback; n = 50, individual and social feedback. The study provided
support for H1 and H3 but not H2. Receipt of either form of feedback explained 7.7 % of between-subject variability in
step-count (F =6.626, p < 0.0005). Compared to the control, the expected step-count for the individual feedback group
was 60 % higher (effect on log step-count = 0474, 95 % Cl = 0.166-0.782) and that for the social feedback group, 69 %
higher (effect on log step-count =0.526, 95 % Cl =0.212-0.840). The difference between the two feedback groups
(individual vs social feedback) was not statistically significant.

Conclusions: Always-on smartphone apps that provide step-counts can increase physical activity in young to
early-middle-aged men but the provision of social feedback has no apparent incremental impact. This approach may
be particularly suitable for inactive people with low levels of physical activity; it should now be tested with this
population.
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Background

This study used a randomised controlled trial to assess
the impacts on the physical activity of healthy male
adults of using smartphones to provide conventional
and social norms feedback on their day-to-day walking.
Most existing apps are aimed at people with an interest
in sport or exercise; they require high levels of commit-
ment and investment and a willingness to self-identify as
exercise-oriented. This study tested an intervention
aimed at people who might have little intrinsic motiv-
ation to increase their physical activity but would benefit
from engagement of their curiosity about their own lives
and new awareness of the hidden physical activity that
was already of their everyday lives.

Walking is one of the most widely available types of
physical activity and is linked with lower rates of mortal-
ity [1]. It does not require special skills, locations or
equipment, is often a natural part of domestic and work
routines and is described by most people as enjoyable
and relaxing [2]. As a means of achieving greater health
through physical activity, it is available to all those with
the necessary physical mobility and is “readily repeatable,
self-reinforcing and habit-forming” [3].

Walking is highly beneficial for health [3, 4]. It can pre-
vent or ameliorate long-term conditions such as obesity,
type-2 diabetes and cardiovascular disease [5, 6]; it helps
reduce depression and anxiety, can enhance self-esteem
[7-9] and has been shown to reduce cognitive decline [10].

Smartphones and their embedded computer technolo-
gies are increasingly being used to promote physical ac-
tivity [11-14]. Seventy-five percent of the UK population
owns a smartphone [15] and nearly 9 in 10 of these have
at some time downloaded an app [16]. Indeed, so-called
fitness apps now comprise 21 % of the UK’s downloaded
apps [17].

Some apps allow users to compare their own data with
that of other users [18—21]. One way of using such data,
the social norms approach, relies on the tendency for
people to seek to conform to what they perceive to be
the normal behaviour of others. This approach has been
successfully used to influence behaviour in fields as di-
verse as alcohol abuse, sexual behaviour, the payment of
unpaid tax and domestic electricity consumption [14]. A
social norms approach has not been evaluated in a smart-
phone app for promoting physical activity; nor have previ-
ous studies compared the social norms approach with the
use of individual feedback alone in the context of physical
activity apps.

The trial set out to test three hypotheses. Theories
about the effects of social norms on behaviour [22] and
evidence from the use of the social norms approach in
other domains [23] led us to expect that those receiving
social feedback would have higher step-counts than
those who did not receive any feedback:
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e HI: those with access to social feedback will have
higher step-counts than those receiving no feedback

Few previous studies of the social norms approach
have controlled for the personal feedback that is implicit
in any attempt to compare people’s behaviour to an aver-
age or norm. To separate out the effect of the social
comparison from the effect of the feedback on people’s
own activity, we included a second treatment that pro-
vided participants with personal feedback but not com-
parative data from a peer group. We anticipated that
those in this individual feedback group would show a
higher step-count than the control group but a lower step
count than the social norms group. We hypothesised that:

e H2: those receiving social norms feedback will have
higher step-counts than those that only receive
feedback on their own walking

Most previous studies indicate that feedback on a
person’s own physical activity levels is itself sufficient
to prompt increased walking. We therefore hypothesised
that:

e H3: those only receiving feedback on their own
walking will have higher step-counts than those
receiving no feedback

Methods
The study used a randomised controlled trial design to
test the effectiveness of using this app amongst men
aged 22-40 years. The intervention consisted of an app
and a series of automated emails (see [14] for details).
Although interventions that include extensive face-to-
face support can be effective, they are expensive and re-
source intensive. We wanted to test an intervention that
could be implemented on a large scale at a low cost per-
capita and would therefore be suitable as a public health
intervention. The key features of the app are described
below, along with details of the organisation of the trial.

To remove the effects of the variability between different
hardware and software platforms, the app was installed on
identical phones and these were provided to the partici-
pants, who had to agree to put their Subscriber Identifica-
tion Module (SIM) cards into the study phones and use
them as their main mobile phones for the duration of the
study. Participants were advised that the likely data usage
of the app during the trial would be 20 megabytes and
were informed that they would be liable for any extra data
charges if they went abroad and activated the roaming
function. As an incentive to participate, they were told they
would keep the phones when the study was over.

The design of the version of the app provided to the
two treatment groups was distinct from previous apps in



Harries et al. BMIC Public Health (2016) 16:925

three key ways. First, there was no requirement for add-
itional equipment such as pedometers or foot pods and
no need for data entry. This makes the app more attract-
ive to those who are ambivalent about the benefits of
measurement or about their ability to become fitter and
healthier [24]. Secondly, while most other apps (e.g.,
MapMyWALK) only activate when users provide notice
that they are about to begin an exercise event, this app
measured activity continually and without the need for
any user action. This feature of the app was intended to
reduce the initial investment of time and effort, increase
participation and reduce the dropout rate. In addition, it
ensured that the app measured the physical activity in-
herent in routine, everyday activities, as well as more
purposeful exercise. The third difference was that the
formal goal-setting, training and coaching seen in many
other apps was replaced by self-generated, informal tar-
gets that resulted from users’ engagement with the feed-
back. In fact, the only action required of users was that
they occasionally brought the app to the foreground by
clicking on the bActive icon; this was prompted by the
presence of an icon on the phone screen and by regular
text messages.

For such apps, measurement accuracy is now consid-
ered less important than previously and the emphasis,
instead, is on the design features of the app. Early re-
search into pedometers emphasised the importance of
measurement validation using gold standard methods
such as calorie expenditure and oxygen consumption
[24-26]. Now, however, a lower standard of accuracy is
generally accepted for apps aimed at influencing behav-
iour and emphasis is placed on interactive features such
as goal-setting [24, 27, 28], behavioural feedback loops
[11, 28-30] and features that combine motivation with
enjoyment [28, 29].

Participants for this study were recruited in September
2011 by a team of 12 recruiters who approached people
of approximately the age-group targeted for the study,
22-40 vyears, in public spaces around shopping centres
in Bristol. If potential participants expressed an interest,
the researchers took them through a screening question-
naire that confirmed their suitability in terms of age and
their residence within easy access of the technical sup-
port team (in case of the need for technical support). To
avoid the confounding effect of some participants being
unable to use a mobile phone, participants also had to
have an existing mobile phone contract. Potential partic-
ipants were also excluded from the research if their re-
sponses to the Physical Activity Readiness Questionnaire
[31] indicated that an increase in physical activity levels
might be deleterious to their health.

Recruitment was limited to males. Research into motiv-
ational factors for health behaviours often attracts more
female than male participants; this study was designed to
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help redress the resulting imbalance in much of the litera-
ture. The focus on males was also prompted by the need
to carry the study phone in a pocket and concerns that
women’s clothing would more often lack suitable pockets.

To confirm their commitment to the project and en-
sure an accurate record of electronic contact details,
those who met the entry requirements and gave their
consent to participate were asked to send a short text
message and email message to the research team and to
complete an online questionnaire. The first 165 individuals
to perform these three tasks were all included as partici-
pants. The questionnaire collected data on demography
and potentially confounding variables such as prior use of
a smartphone, pattern of physical activity, attitude to phys-
ical activity, perceived barriers to physical activity, experi-
ence of using a smartphone, and perceived impact of the
trial. A similar questionnaire at the end of the study
gathered data about the experience of participation and
perceived impacts. Both surveys were administered
using the Qualtrics online survey platform. The results
of these qualitative components of the study are not
presented in this paper.

Participants were randomly assigned to one of three
groups: a control (no feedback and no access to the inter-
active elements of the app); an individual feedback group
(feedback on the participant’s own steps), and a social
feedback group (feedback on the participant’s own steps
and on the average steps taken by others in their group).
To ensure random allocation of participants, they were
listed in the order in which they had been recruited and
each third participant in the list was allocated to one of
the three groups. This process was undertaken manually
by a research-team member who had not had any contact
with the participants, and was therefore blinded in relation
to other details of the participants. Participants were
blinded in that all three groups had a similar looking icon
on their phone, although access to the data in the app was
not visible to participants in the control group.

In studies using multi-level analysis methods, sample
size calculations are highly complex and should be used
with caution [32]. In this study, a power analysis was
also precluded by the absence of evidence on the likely
effect-size. In addition, the cost of the phones we were
supplying to participants limited the number of partici-
pants. However, we ensured that the resources available
for purchasing the study phones allowed us to achieve a
sample size that exceeded the published recommenda-
tion of at least 50 participants for each factor being
considered [33].

Prior to the start of the trial, participants from all
three groups were provided, via courier, with the study
phone and instructions on how to use it and how to in-
sert a SIM card. The app was disabled until the start of
the trial, when it was remotely enabled, presented itself
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to the user and, in the case of the two treatment groups,
offered a guide to its use. Subjects were told that the
aim of the study was to measure the amount of walking
they did; only those in the treatment groups received
overt encouragement to increase their walking.

A photo of the app as it appeared on the phones of
those in the social feedback group is shown in Fig. 1,
and an example of the on-screen feedback, in Fig. 2.
(The screens seen by those in the individual feedback
group were very similar.) Participants could view feed-
back on their phones at any time of day and the data
was refreshed every fifteen minutes. This feedback was
provided in a number of formats. When the app was
first opened, participants in the intervention groups
were shown a running total of the number of steps they
had taken that day, along with an estimate of the calories
they had burnt by taking those steps and of the number
of miles that they had walked. They then had the option
of viewing equivalent data for the previous day or viewing
‘past week’ or ‘history’ screens. These last two screens used
line graphs that allowed easy comparison of steps taken
on different days, with the latter permitting users to use a
swipe action to switch between data displays of different
weeks. Those in the social feedback group were also able
to compare their data to the average for other participants
in that group.

Calories

DistanCe

Fig. 1 The bActive app. [This is a picture of a hand holding a
mobile phone]
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The study ran for eight weeks between October and
December, with data from the mobile phones automatic-
ally downloaded to a secure central server. The intention
had been for the first two weeks to provide baseline
data, but due to a technical malfunction, data from this
‘run in’ phase was unusable.

Standardised text messages were sent to participants
throughout the trial (see Table 1). In weeks 1-2, four
messages reminded all participants to carry their phones
in their pockets. In week 3, those in the treatment
groups received messages on the Monday the app was
activated and all three groups were sent a message on
the Thursday. Subsequently, those in the two experimen-
tal groups were sent weekly messages to encourage them
to walk more and those in the control group were mes-
saged once a fortnight to remind them to carry their
phones. Participants were sent the following message if
their phones had not sent data for one or two days:
“[First name], we've not had any data from your app for
[1, 2] days. After 3 days, we might have to withdraw you
from the research and ask for the phone back. Text, call
or email if you need any help.” No participants were ex-
cluded from the study for this reason.

Participants were provided with a participant informa-
tion sheet and written consent was obtained from all par-
ticipants. The study was not registered with a research
register, although we recognise that doing so is increas-
ingly emerging as best practice. Ethical approval was pro-
vided by Swansea University’s research ethics committee.

The data collected in this study had a two-level struc-
ture: step-counts were collected over a series of days
(first level) but were also clustered within participants
(second level). For this reason, analysis was conducted
using multilevel regression models (MLM), an estab-
lished methodology in public health research [34]. MLM
has a range of advantages over other methods [35]. Any
attempt to understand behaviour without taking account
of data hierarchies can severely handicap explication of
the underlying processes [36] because inter-observation
dependency in the data can lead to the underestimation
of standard errors of regression coefficients and an over-
statement of statistical significance. MLM avoids this
problem by partitioning the within- and between-
subjects variance of the dependent variable. In addition,
unlike in a repeated measures ANOVA, only the missing
observations themselves are deleted if data are missing
for any time point. The final advantage of MLM is that
it facilitates the easy fitting of within-subjects auto-
correlation, and thereby acknowledges the sequential re-
peated collection of observations from the same subject.

In this study, MLM was implemented using a four-
step analytical process. First, an unconditional model
was run — i.e., a model with no predictors, just partition-
ing of within-subject and between-subject variance. The
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Fig. 2 The Today, Yesterday, and Past Week screens. [This image includes three photographs of the smartphone screen]
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Model Deviance statistic of this model provided a base-
line fit against which subsequent models could be tested.
It also enabled the assessment of the variance to be ex-
plained at the within-subject and between-subject levels.
Finally, it allowed calculation of the percentage of vari-
ance in the outcome that was attributable to differences
between subjects (the ICC-1 statistic).

The second step was to fit a fixed-effects growth
model in order to examine and control the shape and
direction of any change over time in the number of steps
taken per day. Linear and quadratic effects of time were
therefore added as predictors. To control for any associ-
ation of step-counts with weekly behaviour patterns, a
dummy variable was created for day of the week.

The third step was a test for variability, between the
participants, in changes in the step-count. This was
achieved by allowing the coefficients of the growth
parameters (the linear and squared effects of time) to
vary between subjects. The final step was the addition
of the effects of the Experimental Group (defined as
both interventions groups together) and its interaction
with time-point. This tested whether the Experimental

Group accounted for any variation in the intercept level
or any change in the outcome variable. The following vari-
ables were controlled for at this stage: marital status, num-
ber of children in the household age sixteen or under,
employment status, ownership of a motorised vehicle or
bicycle, and previous ownership of a smartphone.

At each of the stages, model improvement was evalu-
ated by testing the reduction in the model deviance and
assessing the extra variance explained. Within-subjects
auto-correlation was modelled using an AR1-type cor-
relation matrix. To negate the distorting effects of the
handful of participants that had very large numbers of
steps in any one day, the outcome variable was log-
transformed.

Results

Of the 165 original recruits, 161 participants completed
the study in its entirety. No participants were excluded
from the study for non-compliance. Nine participants
were excluded from the statistical analysis because of
missing demographic data. Two were unable to complete
because their phone was damaged or stolen, one withdrew

Table 1 Examples of the SMS messages sent to participants during the trial

Total Example 1: 24" Oct; Example 2: day 1, Example 3: day 4, Example 4: day 4,
number  day 1, week 1 week 3 week 3 week 5
Control group 9 [First name], thank you for no message In the bag? That's a snag! We're half-way through

taking part in this important
research! Except when doing
sport, please keep the phone
in your trouser pocket from
now on.

Individual group 16

Your bActive app is
now fully activated.

Remember to keep your
phone in your pocket!

the study. Many thanks!

Walking is one of the best
activities for your health.

To improve your fitness,
‘brisk is best’. But it is a

Social group 16

Please open it and
take some time to
explore and use it.

How much are you doing?
Check the app!

Walking is one of the best
activities for your health.

Are you doing more than
others, or less? Check the app!

good idea to use the
‘talk test”: can you talk
while you walk?
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without giving a reason and one gave data costs as the rea-
son for withdrawal. There was no statistically significant
relationships between those who dropped out, or were ex-
cluded from the analysis, and step-counts or the experi-
mental group. The characteristics of the 152 participants
included in the analysis are summarised in Table 2. A flow
diagram is provided in Fig. 3.

A total of 6214 observations were recorded over
42 days across the 152 subjects, with 92 % of the sub-
jects (i.e., all but 13) providing observations on at least
40 days. Average daily levels of recorded activity were
higher in the individual and social feedback groups
(3842 and 3984 steps, respectively) than in the control
group (2822 steps). Information on the average number
of steps taken by participants in each treatment group is
provided in Table 3; Fig. 4 visualises this data, showing
the week-by-week variation in average step-counts for
weeks 1 to 6 of the intervention.

As one would expect, the variation in steps showed a
high level of clustering within participants. However, an
ICC (1) statistic of 0.33 indicated that a third of the total
variation was due to between-participant differences.
The introduction of linear and quadratic effects of time
(i.e, modelling change over time in individuals’ walking
habits) alongside dummy codes for day of the week ex-
plained a statistically significant, but small (4 %), within-
participant variance. Tests of fixed effects coefficients
indicated that of the three predictors (the linear effect of
time, the quadratic (curvilinear) effect of time and day of
the week), the third was the primary explanatory variable

Table 2 Demographic information of participants
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(see Fig. 4); this suggests that within-individual variation
in walking was also due to variation in daily routine. Since
modelling of curvilinear change offered no improvement
over a simple linear effect, the quadratic effect of time was
dropped from the model.

There was evidence that the linear effect of time varied
between individuals. When this random effect was
added, along with the covariance between starting level
and extent of linear change, the model deviance reduced
significantly (SD =111 on 2df, p <0.0005) and the unex-
plained within-participant variance was reduced by a
further 4 %. Of the demographic and control variables,
only employment status and car ownership had a signifi-
cant effect on step counts, with full-time and part-time
employees likely to have a higher step count than other
groups and car owners likely to have lower step counts
than non-car owners.

The tests for hypotheses H1 and H3 show that Experi-
mental Group (a dummy variable with control group as
the reference category) had a statistically significant ef-
fect on step-count (F =6.626, p <0.0005). Furthermore,
adding Experimental Group to the model significantly
reduced its deviance (change in deviance =13 on 2df,
p <0.0005) and explained a further 7.7 % of the between-
participants variance in step-count. The coefficients for
differences between the individual and social feedback
groups vs. the control group were both statistically signifi-
cant (individual vs. control B=0.474; 95 % CI=0.166—
0.782; p<0.05, and social vs. control B=0.526; 95 %
CI=0.212-0.840; p <0.05). When the log-transformed

Total (n =152)  Control group (n=49) Individual feedback group (n=53) Social feedback group (n = 50)

Marital/family status

- single no children 70 46 % 25 24 21

- single with children 6 4% 0 3 3

- with partner, no children 40 26 % 11 14 15

- with partner and children 29 19 % 10 10 9

- other 7 4% 3 2 2
Employment status

- full-time employed/self-employed 104 ~ 69% 32 35 37

- part-time employed 13 9% 2 7 4

- carer/unemployed 14 8 % 6 3 3

- student 21 4% 8 7 6
Type of employment

- sedentary (e.g, office worker) 58 50 % 25 20 13

- moderately active (e.g., teacher) 51 44 % 8 19 24

- very active (e.g., postal worker) 7 6 % 1 3 3
Regularly participate in sport 89 59% 31 29 29
Own motorised transport 95 63 % 30 31 34
Previously owned a smartphone 108 72% 36 38 34
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Fig. 3 The flow diagram of bActive study. [This image provides a flow diagram of the study]

outcomes were transformed back, these coefficients
gave an expected step-count 60 % higher for those in the
individual group (exponential(0.474)=1.60) and 69 %
higher for the social group (exponential(0.526)=1.69).
The null hypothesis was therefore rejected for both H1
and H3 in favour of the alternative: that those receiving ei-
ther form of feedback had higher step-counts than those
in the control group. However, there was no statistically
significant difference in step-count between the two ex-
perimental groups, so the null hypothesis for H2 could
not be rejected.

The interaction of Experimental Group and time-point
was not statistically significant, so the effect of individual
and social feedback on step-count was immediate and
did not increase or decrease across the study period.
The rate and direction of change in step-count over the
study period did not vary significantly according to Ex-
perimental Group: adding this interaction effect reduced
model deviance by just 1 on 1df (p > 0.05) and explained
only 0.6 % of the variation in slopes.

Table 3 Average numbers of steps recorded over the 6-week trial

Discussion

This study indicates that always-on, accelerometer-based
smartphone apps can generate a substantial increase in
walking amongst relatively healthy, young to early-
middle-aged men. These behaviour changes were inde-
pendent of marital or employment status, whether there
are children in the home and ownership of motorised
transport. This suggests that this approach may success-
fully be applied to population segments that currently
fail to meet physical activity targets [37, 38]. As technol-
ogy makes working and domestic life increasingly seden-
tary [39], such interventions can alert people to their
levels of inactivity and prompt them to counter this
change with subtle changes to their daily practices. In
addition, the bActive approach minimises conscious cog-
nitive effort rather than eliminating it, and influences both
the behaviour and the understanding of participants [40].
As a result, unlike the nudges delivered by Thaler and
Sunstein’s [41] libertarian paternalism, it cannot be criti-
cised for being manipulative and non-reflective.

Day of Control (n=49) Individual feedback group (n=53) Social feedback group (n = 50) Complete sample (n=152)

the week Mean  Median SD Mean Median SD Mean Median SD Mean Median SD

Monday 2399 1373 2837 3848 2772 3989 4181 2714 4252 3495 2348 3829
Tuesday 2651 1548 2937 4344 3196 4168 4320 3023 4498 3796 2653 4011
Wednesday 2955 1940 2986 4066 3178 3640 4285 2955 4296 3781 2884 3722
Thursday 3182 2030 3097 4197 3477 3916 4539 3150 4501 3980 3005 3919
Friday 3293 2142 3502 4371 3058 4654 4318 3170 4068 4010 2808 4149
Saturday 2756 1727 3373 3322 2153 3519 3289 2144 3566 3132 1978 3494
Sunday 2080 973 2842 2811 1749 3474 2452 1676 2697 2462 1411 3052
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Fig. 4 Results plotted over the six-weeks of the trail for the control group and two treatment groups. [This image provides a graphical display of
the daily number of steps taken by the three groups in the study]

Furthermore, the intervention reported here relied solely
on automated feedback displays and easily-automated mo-
tivational text messages. Unlike interventions used in many
previous population-level studies [42—44], it did not rely
on a programme of expensive face-to-face support, motiv-
ation or instruction such. Hence, it can be delivered easily
and affordably to large populations.

Some comment is needed on the larger than expected
differences in step-counts between the feedback groups
and the control. It is possible that Bristol’s reputation as
a ‘green’ city may have made users more amenable to
extra walking than men in other UK areas and that the
scale of the change is not therefore generalizable. How-
ever, as reported elsewhere [38], use of the app had a
transformative effect on some users, leading them to at-
tribute greater benefit to the walking that was part of
their normal activities and to recognise that they could
become more physically active simply by changing the
way they organised existing everyday practices. As strat-
egies for increasing their step-counts, participants in the
feedback groups reported, for example making add-
itional trips to the shops, taking dogs for longer walks
and going to see colleagues when they would previously
have sent them emails. These behaviour changes re-
sulted, it appears, from an awareness, facilitated by the
app, of long sedentary periods within their daily lives
and the number of steps inherent in simple, day-to-day
practices (or variations of practices) that they had not
formerly associated with physical activity. There are
many potential sources of variation in physical activity
including seasonal factors, emotional factors, support
from others, weather, and competing demands on time.

Although qualitative interviews conducted ten months
after trial-end suggest that some participants still had a
raised level of physical activity [14], it is likely that some
of the more outlandish behaviours (e.g., walking round
the house simply in order to reach step targets) will have
ceased with time. No data was available to test long-term
outcomes for the sample as a whole because the length of
this trial was constrained by the burden placed on partici-
pants by the need to forgo the use of their usual phones
and carry the study phone with them at all times. Future
studies will need to find a way around this problem.

There is also the question of whether, when they were
not obliged to do so, users’ intrinsic motivation to carry
the phone with them would be sufficient to provide suffi-
cient data to prompt behaviour change. Previously pub-
lished evidence from this trial suggests that it would be
[14]. It reported that feedback participants opened the app
an average 3.9 times per day, each time keeping it open
for an average of 32.0 s, and that in the final week they
were still opening it 2.3 times a day. Furthermore, 91 %
described the app as ‘interesting, 67 % as ‘fun’ and 73 %
said they would continue to use the app after the trial.

Ultimately, the ideal target population for this app
would be people who are at risk of adverse health out-
comes related to inactivity. Some of those in this category
might have no more than a passing interest in becoming
more active. This is why the intervention was designed to
require minimal commitment (the app runs automatically),
minimal financial investment (no additional devices are
needed) and to promote engagement through simple curi-
osity about the feedback rather than through any particular
desire to exercise. The app used in this study has two main
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strengths in this regard: being on continuously, it measures
the walking inherent in practices not usually considered as
‘exercise; and it required neither the purchase of specialised
equipment, commitment to an exercise regime or self-
identification as fitness-conscious and exercise-oriented.
As aresult, it is likely to have greater appeal to this popula-
tion than many of the pedometer-style systems that are
currently available and, therefore, to be more successful at
changing their walking behaviours.

The use of the approach for both men and women re-
mains problematic however. New technology does allow
step-data to be collected by devices that do not need to be
located in any particular part of the body and that could
more easily be carried by those not wearing trousers with
pockets. However, the costs of purchasing additional elec-
tronic devices would undermine the scalability of an inter-
vention, and the need to carry an extra piece of equipment
might deter some of the population being targeted. Further-
more, the focus on men does have some justification: al-
though a range of apps have previously been developed
specifically for female users [24, 27, 45], few studies have ex-
plored the effects on males of using this type of approach.

A key finding of this research was the lack of significant in-
cremental effect related to social norm feedback. This unex-
pected outcome appears to contradict the literature on social
norms, which argues that normative comparisons signifi-
cantly enhance the impact of behavioural feedback — includ-
ing in health-related behaviours such as substance abuse
[19, 41]. An alternative interpretation, however, is that this
finding indicates issues with the design of the social feed-
back used. Practitioners of the social norms approach
argue that the most effective reference group consists of
those that participants consider most like themselves [23,
46, 47]. Although all participants were of the same gender
and of approximately the same age, the social feedback might
have been more effective if the age-band had been narrower
or if a distinction had been made between, for example,
those in physically active occupations and those doing more
sedentary work. Alternatively, the social feedback may have
distracted users from the individual feedback, thereby mask-
ing the incremental impact of the former.

Work is needed to explore the effectiveness of this type of
intervention for other parts of the population, including
older men and people with health conditions that were ex-
cluded by the screening used in this study. Although the
sample included people who were not inclined to exercise,
research is also needed that focuses exclusively on this
population. Future studies should assess the extent to which
changes in walking behaviour are sustained over time.

Conclusion

This study provides evidence that the techniques used in
this app significantly increase physical activity levels in
male adults. For those in this category not actively seeking
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to become more active, the minimal requirements for
commitment (the app runs automatically) and financial
investment (no additional devices are needed) should be
an advantage, as too should the lack of any need to com-
mit to a physical activity regime or self-identify as fitness-
conscious and exercise-oriented. Another advantage for
this group is the promotion of engagement through sim-
ple curiosity and the absence of any reliance on a desire to
do more physical activity. Being on continuously, the app
measures the walking inherent in practices not usually
considered as ‘exercise’. This, it has been found [38], pi-
ques the curiosity of users and provides encouragement to
those who were not previously aware that day-to-day
walking could be seen in this way [48, 49]. The app is
therefore likely to have greater appeal to this population
than many of the pedometer-style systems that are cur-
rently available and to be more successful at changing
their walking behaviours.

Acknowledgements
The study was funded by the EPSRC.

Availability of data and materials
The dataset is available on request from the corresponding author.

Authors’ contributions

Conceived and designed the experiments: RR, PE, TH, SW. Performed the
experiments: PE, TH, RR, SW. Analysed the data: CS, TH, PE, RR, SW, HVW.
Contributed reagents/materials/analysis tools: PE, TH, RR, CS, SW. Contributed
to the writing of the manuscript: TH, CS, PE, RR, HYW. All authors read and
approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Informed consent regarding participation in the study was obtained from all
participants.

Ethics approval and consent to participate

This study was performed in accordance with the Declaration of Helsinki.
Ethical approval of the study was provided by Swansea University's research
ethics committee.

Author details

'Kingston Business School, Kingston Hill Campus, Kingston upon Thames KT2
7LB, United Kingdom. 2Swansea University, Singleton Park, Swansea SA2 8PP,
United Kingdom. *IWP, University of Sheffield, Conduit Road, Sheffield, South
Yorkshire S10 1FL, United Kingdom. “Oxford e-Research Centre, 7 Keble Road,
Oxford, Oxon OX1 3QG, United Kingdom. >NHS Highland, Assynt
HouseBeechwood Park, Inverness V2 3BW, United Kingdom. 6University of
the Highlands and Islands, Centre for Health Sciences, Inverness V2 3JH,
United Kingdom.

Received: 2 April 2016 Accepted: 25 August 2016
Published online: 02 September 2016

References

1. Richardson CR, Newton TL, Abraham JJ, Sen A, Jimbo M, Swartz AM. A
meta-analysis of pedometer-based walking interventions and weight loss.
Ann Fam Med. 2008,6:69-77. doi:10.1370/afm.761.

2. Pooley C, Tight M, Jones T, Horton D, Scheldeman G, Jopson A, et al.
Understanding walking and cycling: summary of key findings and
recommendations. 2012.

3. Morris JN, Hardman AE. Walking to health. Sports Med. 1997,23:306-32.


http://dx.doi.org/10.1370/afm.761

Harries et al. BMIC Public Health (2016) 16:925

20.

21.

22.
23.

24.

25.

Andersen LB. Physical activity and health. BMJ. 2007;334:1173. doi:10.1136/
bmj.39225.414537.80. BMJ Publishing Group Ltd.

MacLellan G, Baillie L, Granat M, In P, Environments ACM. The application of
a physical activity and location measurement system to public health
interventions to promote physical activity. Proc 2nd Int Conf Pervsive
Technol Relat to Assist. 2009;09:1-8.

Pate RR, Pratt M, Blair SN, Haskell WL, Macera CA, Bouchard C, et al. Physical
activity and public health. A recommendation from the Centers for Disease
Control and Prevention and the American College of Sports Medicine.
JAMA. 1995,273:402-7.

Morgan AL, Tobar DA, Snyder L. Walking toward a new me: the impact of
prescribed walking 10,000 steps/day on physical and psychological well-
being. J Phys Act Health. 2010;7:299-307.

Roe J, Aspinall P. The restorative benefits of walking in urban and rural
settings in adults with good and poor mental health. Health Place.
2011;17:103-13. doi:10.1016/j.healthplace.2010.09.003.

Johansson M, Hartig T. Psychological benefits of walking: moderation by
company and outdoor environment. Applied Psychology: Health and
Well-Being. 2011,3(3):261-80.

MIND. Ecotherapy: The Green Agenda for Mental Health . 2007. http://www.
mind.org.uk/campaigns_and_issues/report_and_resources/835_ecotherapy.
Accessed 27 Aug 2016.

Consolvo S, McDonald DW, Toscos T, Chen MY, Froehlich J, Harrison B, et al.
Activity sensing in the wild: a field trial of ubifit garden. Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems. New York:
ACM; 2008. p. 1797-806. doi:10.1145/1357054.1357335.

Fogg BJ. Persuasive computers: perspectives and research directions.
Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems. New York: ACM Press/Addison-Wesley Publishing Co; 1998. p. 225-
32. doi:10.1145/274644.274677.

King P, Tester J. The landscape of persuasive technologies. Commun ACM.
1999;42:31-8.

Harries T, Eslambolchilar P, Stride C, Rettie R, Walton S. Walking in the wild -
Using an always-on smartphone application to increase physical activity. In:
Kotzé P, Marsden G, Lindgaard G, Wesson J, Winckler M, editors. Human-
computer interaction — INTERACT 2013 SE - 2. Heidelberg: Springer Berlin;
2013. p. 19-36. doi:10.1007/978-3-642-40498-6_2.

Mobile Phones - UK - April 2015 [Internet]. [cited 8 Mar 2016]. Available:
http://store.mintel.com/mobile-phones-uk-april-2015?cookie_test=true.
Mobile Device Apps — UK — October 2014 [Internet]. [cited 8 Mar 2016].
Available: http://store.mintel.com/mobile-device-apps-uk-october-2014.
Mobile Phone and Tablet Apps - UK -October 2015 [Internet]. [cited 8 Mar
2016]. Available: http://store.mintel.com/mobile-phone-and-tablet-apps-uk-
october-2015.

Blythe MA, Overbeeke K, Monk AF, Wright PC, editor. Funology: from
usability to enjoyment. Norwell: Kluwer Academic Publishers; 2004.

Fujiki Y, Kazakos K, Puri C, Pavlidis |, Starren J, Levine J. NEAT-o-games:
ubiquitous activity-based gaming. CHI'07 extended abstracts on human
factors in computing systems. New York: ACM; 2007. p. 2369-74.
doi:10.1145/1240866.1241009.

Berkovsky S, Bhandari D, Kimani S, Colineau N, Paris C. Designing games to
motivate physical activity. Proceedings of the 4th international conference
on persuasive technology. New York: ACM; 2009. p. 37. doi:10.1145/1541948.
1541996. 1-374.

Berkovsky S, Freyne J, Coombe M, Bhandari D, Baghaei N. Physical activity
motivating games: you can play, mate! Proceedings of the 21st Annual
Conference of the Australian Computer-Human Interaction Special Interest
Group: Design: Open 24/7. New York, NY, USA: ACM; 2009. p. 273-6.
doi:10.1145/1738826.1738872.

Hechter M, Opp K. Social norms. New York: Russell Sage Foundation; 2001.
Lewis MA, Neighbors C. Social norms approaches using descriptive drinking
norms education: a review of the research on personalized normative
feedback. J Am Coll Health. 2006;54:213-8. doi:10.3200/JACH.54.4.213-218
Consolvo S, Everitt K, Smith |, Landay JA. Design requirements for
technologies that encourage physical activity. Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems. New York: ACM;
2006. p. 457-66. doi:10.1145/1124772.1124840.

Baker G, Mutrie N, Lowry R. Using pedometers as motivational tools: are
goals set in steps more effective than goals set in minutes for increasing
walking? Int J Health Promot Educ. 2008;46(1):21-26..

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Page 10 of 10

Slootmaker SM, Chin A, Paw MJM, Schuit AJ, van Mechelen W, Koppes LLJ.
Concurrent validity of the PAM accelerometer relative to the MTI Actigraph
using oxygen consumption as a reference. Scand J Med Sci Sports. 2009;19:
36-43. doi:10.1111/j.1600-0838.2007.00740.x.

Toscos T, Faber A, An S, Gandhi MP, In CHI. Chick clique: persuasive
technology to motivate teenage girls to exercise. Ext Abstr Hum factors
Comput Syst CHI EA ACM. 2006;06:1873-8.

Consolvo S, Klasnja P, McDonald DW, Avrahami D, Froehlich J, LeGrand L,
et al. Flowers or a robot army? Encouraging awareness & activity with
personal, mobile displays. Proceedings of the 10th International Conference
on Ubiquitous Computing. New York: ACM; 2008. p. 54-63. doi:10.1145/
1409635.1409644.

Ahtinen A, Huuskonen P, Hakkild J. Let's all get up and walk to the North
Pole: design and evaluation of a mobile wellness application. Proceedings
of the 6th Nordic Conference on Human-Computer Interaction: Extending
Boundaries. New York: ACM; 2010. p. 3-12. doi:10.1145/1868914.1868920.
Fan C, Forlizzi J, Dey AK. A spark of activity: exploring informative art as
visualization for physical activity. Proceedings of the 2012 ACM Conference
on Ubiquitous Computing. New York: ACM; 2012. p. 81-4. doi:10.1145/
2370216.2370229.

Thomas S, Reading J, Shephard RJ. Revision of the Physical Activity
Readiness Questionnaire (PAR-Q). Canadian journal of sport
sciences=Journal canadien des sciences du sport. 1992;17(4):338-45.

Twisk JW. Applied longitudinal data analysis for epidemiology: a practical
guide. Cambridge: Cambridge University Press; 2013.

Maas CJM, Hox JJ. Sufficent sample sizes for multilevel modeling.
Methodology. 2005. p. 86-92.

Diez-Roux AV. Multilevel analysis in public health research. Annu Rev Public
Health. 2000;21:171-92. doi:10.1146/annurev.publhealth.21.1.171.

Singer JD, Willet JB. Applied longitudinal data analysis-modelling change
and event occurrence. Oxford: Oxford University Press; 2003.

Heck RH, Thomas SLT, Tabata LN. Multilevel and longitudinal modeling with
IBM SPSS: 2nd Edition (Paperback). New York: Routledge; 2014.

Marques A, Martins J, Peralta M, Catunda R, Nunes LS. European adults’
physical activity socio-demographic correlates: a cross-sectional study from
the European Social Survey. Peer). 2016;4:¢2066. doi:10.7717/peer}.2066.
Besser L, Dannanberg A. Walking to public transit steps to help meet
physical activity recommendations. Am J Prev Med Elsevier. 2005;29:273-80.
doi:10.1016/j.amepre.2005.06.010.

Lakdawalla D, Philipson T. The growth of obesity and technological change.
Econ Hum Biol. 2009;7:283-93. doi:10.1016/j.ehb.2009.08.001.

Harries T, Rettie R. Waling as a social practice: dispersed walking and the
organisation of everday practices. Sociology of Health & lliness. 2016;38(6):
874-883.

Thaler R, Sunstein C, Improving N. Nudge: improving decisions about
health, wealth and happiness. London: Yale University Press; 2008.

Kang M, Marshall S. Effect of pedometer-based physical activity
interventions: a meta-analysis. Res Q Exerc Sport. 2009,80:648-55.

Jackson E, Howton A. Increasing walking in college students using a
pedometer intervention: differences according to body mass index. J Am
Coll Heal. 2008;57:159-64.

Winett R, Anderson E, Wojcik J. Guide to health: nutrition and physical
activity outcomes of a group-randomized trial of an Internet-based
intervention in churches. Ann Behav Med. 2007;33:251-61.

Toscos T, Faber AM, Connelly KH, Upoma AM. Encouraging physical activity
in teens: can technology help reducte barriers to physical activity in
adolescent girls? Proc. of Pervasive. Proc Pervasive Heal. IEEE; 2008. p. 173-84.
Harries T, Rettie R, Studley M, Burchell K, Chambers S. Social norms marketing:
reducing domestic electricity consumption? Eur J Mark. 2013;47:1458-75.
Berkowitz AD. The social norms approach: Theory, research, and annotated
bibliography. Available: http//www.alanberkowitz.com/articles/social_norms.pdf.
Accessed 27 Aug 2016.

Coughlin SS, Whitehead M, Sheats JQ, Mastromonico J, Smith S. A review of
smartphone applications for promoting physical activity. 2015,2(1).

Khatri A, Shastri D, Tsiamyrtzis P, Uyanik |, Akleman E, Pavlidis I. Effects of
simple personalized goals on the usage of a physical activity app.
Proceedings of the 2016 CHI Conference Extended Abstracts on Human
Factors in Computing Systems. New York: ACM; 2016. p. 2249-56.
doi:10.1145/2851581.2892366.


http://dx.doi.org/10.1136/bmj.39225.414537.80
http://dx.doi.org/10.1136/bmj.39225.414537.80
http://dx.doi.org/10.1016/j.healthplace.2010.09.003
http://www.mind.org.uk/campaigns_and_issues/report_and_resources/835_ecotherapy
http://www.mind.org.uk/campaigns_and_issues/report_and_resources/835_ecotherapy
http://dx.doi.org/10.1145/1357054.1357335
http://dx.doi.org/10.1145/274644.274677
http://dx.doi.org/10.1007/978-3-642-40498-6_2
http://store.mintel.com/mobile-phones-uk-april-2015?cookie_test=true
http://store.mintel.com/mobile-device-apps-uk-october-2014
http://store.mintel.com/mobile-phone-and-tablet-apps-uk-october-2015
http://store.mintel.com/mobile-phone-and-tablet-apps-uk-october-2015
http://dx.doi.org/10.1145/1240866.1241009
http://dx.doi.org/10.1145/1541948.1541996
http://dx.doi.org/10.1145/1541948.1541996
http://dx.doi.org/10.1145/1738826.1738872
http://dx.doi.org/10.3200/JACH.54.4.213-218
http://dx.doi.org/10.1145/1124772.1124840
http://dx.doi.org/10.1111/j.1600-0838.2007.00740.x
http://dx.doi.org/10.1145/1409635.1409644
http://dx.doi.org/10.1145/1409635.1409644
http://dx.doi.org/10.1145/1868914.1868920
http://dx.doi.org/10.1145/2370216.2370229
http://dx.doi.org/10.1145/2370216.2370229
http://dx.doi.org/10.1146/annurev.publhealth.21.1.171
http://dx.doi.org/10.7717/peerj.2066
http://dx.doi.org/10.1016/j.amepre.2005.06.010
http://dx.doi.org/10.1016/j.ehb.2009.08.001
http://www.alanberkowitz.com/articles/social_norms.pdf
http://dx.doi.org/10.1145/2851581.2892366

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

