








Results in the context of other studies
We found that self-regulatory behaviour change techni-
ques were most commonly used (feedback and monitor-
ing including self-monitoring of behaviour). These
techniques are also commonly used in non-gamified
apps targeting physical activity, healthy eating and
alcohol reduction.39 40 41 The effectiveness of these tech-
niques in achieving behaviour change is supported by
findings from a wide range of studies8 33–37 and linked
to control theory.37 Control theory suggests that setting
goals, monitoring of behaviour, receiving feedback and
reviewing relevant goals in the light of feedback may be
effective in changing behaviour43 and is one of a

broader group of theories involving feedback loops and
self-regulation.44

Frequently used behaviour change categories were
comparison of behaviour and reward and threat.
Common individual behaviour change techniques were
social support unspecified, non-specific reward, non-
specific incentive and focus on past success. We suggest
that the use of some of these techniques may be driven
by ease of implementation in smartphone games with an
internet connection. Sharing activity on social media is a
common feature of mobile apps and is easy to integrate
into app design. Social support as a behaviour change
technique is also common in physical activity apps.40

Figure 2 Number of apps to use

the individual 93 behaviour

change techniques as derived

from a standard taxonomy of

behaviour change techniques

used in health behaviour change

research.7
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Other reviews have found that the behaviour change
technique providing instruction on how to perform
behaviour has featured highly among physical activity
apps (n=33, 83% of apps)39 (n=111, 66% of apps);40

however, this technique was found in relatively few apps
in our review (n=25, 39% of apps). It is possible that this
technique may be more suited to physical activity apps
since it was not found in apps to reduce alcohol con-
sumption.41 Alcohol reduction apps also featured a
range of techniques not found in smartphone games:
facilitate self-recording, provide information on conse-
quences, give options for additional and later support,
and offer/direct towards appropriate written materials.41

While these techniques may be more suited to alcohol
reduction apps, it is also possible that they do not lend
themselves to use on the gaming platform.
One previous meta-analysis examined combinations of

health behaviour change techniques using classification
and regression trees and suggested that provide informa-
tion about behaviour and prompt intention formation was
one of the most effective combinations;45 however, compari-
son with our findings is problematic because the study used
the earlier 26-category taxonomy38 which does not easily
translate into the more recent 93 category taxonomy (v1).7

A second meta-analysis of internet-based interventions
suggested that number of techniques included in the
intervention and the resulting behaviour change out-
comes were directly related.46 This review also suggested
benefit from linking techniques to behaviour change
theory. We were not able to examine effects on out-
comes because of lack of outcome data, although we saw
no relation between behaviour change technique
content and user rating which may be a proxy for
outcome. Several studies in other clinical settings find
no relationship between number of behaviour change
techniques and health outcome, for example, in obesity,
healthy eating and physical activity,34 35 37 although
these studies did not specifically examine effects using a
technology-based delivery method. One study examining
technology-based delivery found that popularity and
user ratings were only weakly associated with behaviour
change technique content.41

We found a high number of behaviour change techni-
ques in each smartphone game (median: 14, range:
5–22). This figure is higher than previous reviews of
non-app interventions to promote healthy eating (mean:
6, range: 1–13)38 and physical activity (mean: 6, range:
1–13)38 (mean: 6, SD: 3.1)37 (mean: 8, range: 2–18).39

Two other reviews of behaviour change techniques in
physical activity and non-gamified alcohol reduction
apps found a slightly lower number (mean: 4.2, range:
1–13)40 (mean: 3.6, range: 0–13).41 This may be related
to the overlap between gamification methodology and
health behaviour change techniques.
While there was no overall relationship between user

rating and behaviour change technique content, one
particular app deserves mention. ‘Diabetes Companion’
by mySugr has a 5/5* customer rating in the app store
and used 18 behaviour change techniques. The Diabetes
Companion is a charming, sometimes outspoken, dia-
betes monster that aims to make diabetes monitoring
and data collection useful and fun in everyday life. The
app is approved as a medical device by the Food and
Drug Administration in the USA and has a Conformité
Européene (CE) mark. Elements of gamification in the
app and immediate feedback help to keep players moti-
vated and involved in self-management. While there is
no evaluation against health outcomes, this app may
nevertheless provide a model for employing gamification
and health behaviour techniques in smartphone
apps.47 48

We found that the price of an app was unrelated to
number of behaviour change techniques reinforcing a
similar finding from a content analysis of exercise
apps.49 However, other earlier studies showed a positive
relationship between price and behaviour change tech-
nique content.14 39 50 The disparity between findings
could be explained by the recent rise in Freemium apps,
which are free to download, but then apply charges for
additional features.51

Strengths and weaknesses
This is the first comprehensive review of the use of
behaviour change techniques in smartphone games

Table 3 Common combinations of behaviour change techniques

Technique combination
Number of apps to use
combination, N (%)

Goal setting, self-monitoring, non-specific reward, non-specific incentive 35 (55)

Goal setting, self-monitoring, focus on past success 33 (51)

Goal setting, self-monitoring, non-specific reward, non-specific incentive, focus on past success 31 (48)

Goal setting, self-monitoring, feedback of behaviour, social support unspecified, focus of

past success

27 (42)

Goal setting, feedback of behaviour, self-monitoring 28 (44)

Goal setting, feedback of behaviour, self-monitoring, social support unspecified, non-specific

reward, non-specific incentive, focus past success

26 (41)

Goal setting, feedback of behaviour, self-monitoring, feedback of outcome of behaviour, social

support unspecified, non-specific reward, non-specific incentive, focus on past success

22 (34)

Number and percentage of apps to use commonly identified combinations of behaviour change techniques.
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using the most recent behaviour change taxonomy.7

One previous review found limited use of behaviour
change theory in gamified health apps.3 The review
focused only on free physical activity and diet apps in
the Apple store and used 13 core health behaviour con-
structs rather than a standard taxonomy of behaviour
change techniques. Another review used the BCT tax-
onomy (v1), however, considered only non-gamified
alcohol reduction apps.41

A further strength of this review is that we considered
combinations of behaviour change techniques that were
used in the apps. Many of the existing reviews report
individual behaviour change techniques rather than
combinations. However, our aim was only to identify the
combinations of techniques that smartphone game
developers are currently using. We had insufficient
power to examine effects of theoretically consistent
groups of techniques on proxy outcomes such as user
rating or price. This is an interesting area of work requir-
ing further research in larger databases, which would
ideally include behavioural and clinical outcomes.52

While there may be a degree of subjectivity when
coding behaviour change techniques using taxon-
omies,53 this would have been reduced by independent
coding by two trained researchers.53 In addition, we
demonstrated substantial agreement between the two
reviewers.
A limitation of our review is that we were unable to

explore associations between the use of behaviour
change techniques and change in health behaviour or
other health-related outcomes. This is because none of
the apps have been systematically evaluated and high-
lights the need for well-designed studies to determine
the effectiveness of health and wellness apps against a
range of process and health-related outcomes.
A further limitation is that we only reviewed top-rated

apps in the two most popular app stores and did not
sample the entire range of apps available. Thus, the
range of health behaviours targeted will reflect the pre-
ferences of the consumers rather than covering the
entire repertoire of apps offered by developers. It is pos-
sible that apps with certain characteristics, for example,
high behaviour change content, are less popular with
users and we were not able to test this hypothesis.
Nevertheless, we were able to study the use of behaviour
change techniques in apps in common use, which was
the objective of our study.
In this review, we focused on commonly used behav-

iour change techniques. It would be interesting to
examine behaviour change techniques that were not
used or had a low frequency of use, to determine how
these aligned with relevant behavioural and cognitive
theories and hence identify any potential opportunities
for app developers. Similarly, we did not examine the
frequency with which behaviour change techniques were
used in each individual app and the mode of delivery of
each behaviour change technique. Future work in larger
data sets might usefully make these more detailed

observations and could also examine the effects of pre-
specified, theoretically consistent groups of behaviour
change techniques against relevant outcomes.

Implications for clinicians and policymakers
Smartphone games could provide a potentially cost-
effective platform for health promotion and, thus, could
have a substantial public health impact. An efficient
mechanism will be needed to promote those apps that
are most likely to bring health benefits. Only three apps
in our review were approved by the NHS Health Apps
Library, which is intended to provide this function for
consumers in the UK. While this may be because other
apps were reviewed and not approved, it is possible that
the Library in its current form does not present the full
range of apps available to the public. The NHS Library
is currently updating review processes aiming to provide
an accredited set of apps, which have been endorsed
and given a service quality certification mark by The
British Standards Institution (Kitemark) through NHS
Choices.54

The majority of apps that we identified focused on
exercise and fitness. There were very few gamified apps
targeting health behaviours more directly relevant to
clinical outcomes, highlighting a potential gap in the
market and possible untapped resource for health pro-
motion. It is possible that the task of encouraging exer-
cise and fitness lends itself more easily to gamification
and that application of gamification to other aspects of
health promotion will be more challenging. However,
another explanation may be that health and fitness apps
are simply more popular since we searched only the top-
rated apps in the most popular stores. In the latter case,
the challenge will be to make apps and smartphone
games that are as appealing to users as those promoting
exercise and fitness.

Unanswered questions and future research
This review provides evidence to inform further research
in the growing field of gamification in healthcare apps
and to determine optimum use of behaviour change
constructs in smartphone games. The relationship
between the behaviour change technique content of an
intervention and the resulting health behaviour change
is not simple.34 35 37 More techniques are not necessarily
better and further work is needed on the specific combi-
nations of techniques likely to be effective in smart-
phone games.
There may be potential for more effective apps to be

developed drawing from the full repertoire of techni-
ques and combinations of techniques, which are appro-
priate to this platform. This development will require
multidisciplinary collaboration between game develo-
pers, behaviour change experts and public health
specialists.
Further research and clinical evaluation is urgently

needed for healthcare apps to assess their effectiveness
in modifying health behaviour and the clinical
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consequences of these behaviour changes. None of the
apps in our review has been evaluated in randomised
controlled trials to quantify potential benefit and harms
that may arise from use of this technology. There is a
need for regulation of healthcare apps and strengthened
approval mechanisms to ensure patients have access to
effective and safe interventions. The British Standards
Institution has formulated and published a code of prac-
tice for health and wellness apps, providing app develo-
pers with quality criteria to consider during the
development process.55 We suggest that this code should
be widely adopted and could lead to better quality and
more effective products.
The economics of production and scale of delivery could

potentially give smartphone apps an advantage over other
health promotion interventions. Similar methods of
assessing cost-effectiveness could be used as for other
health technologies (https://www.nice.org.uk/about/
what-we-do/our-programmes/nice-guidance/nice-medical-
technologies-guidance).

CONCLUSIONS
We provide an overview of the use of behaviour change
techniques in the rapidly developing area of smartphone
games, aiming to provide insights to inform more effect-
ive development of applications to change health-related
behaviours. We suggest that strengthening collaboration
between app developers, behavioural scientists and
public health practitioners is necessary to realise the full
health benefits of this new technology, which could be
substantial. The benefits and harms arising should be
evaluated using standard methods to enable consumers
to make appropriate choices and allow health systems to
make decisions about reimbursement.
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