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Abstract

Objectives: To review mobile games and gaming applications that claim to improve physical activity behavior
in daily life.

Search Methods: We searched PubMed, Web of Science, and the ACM Digital Library and performed a
manual search of relevant journals and reference lists. Studies that reported on a mobile game that requires
players to perform physical activity in daily life and where the game has specific goals, rules, and feedback
mechanisms were included. This excludes non-mobile exergames. Theoretical foundations, game characteristics,
and evaluation methodologies were assessed.

Results: In total, 797 articles were identified through the search, of which 11 articles were included. The
reviewed studies show that there is limited theoretical foundation for the game development, and most studies
used goal setting as a motivation strategy to engage people in playing the game. There was a large variety in
game characteristics found, although the majority of the studies used metaphors or avatars to visualize activity,
whereas feedback was mostly provided in relation to the goal. Rewards and competition were the most
commonly incorporated game elements. The evaluations were focused on feasibility, and clinical evidence is
lacking with only two randomized controlled studies found.

Conclusions: This review provides a first overview of mobile gaming applications to promote daily life
physical activity and shows this as a new research area with demonstration of its acceptability and feasibility
among the users. Clinical effectiveness and the added value of gaming in changing daily activity behavior have
by far not yet been established.

Introduction

REGULAR PHYSICAL ACTIVITY is related to better health
and lower mortality and could reduce the risk of
(chronic) diseases like coronary heart disease, type 2 diabe-
tes, and some cancers. " However, two-thirds of the adult
populations of European countries are insufficiently active to
support physically healthy living.®> Reviews, moreover, show
that treatment programs that aim to reduce inactive behavior
and increase physical activity in adults are only marginally
effective.*” In these programs, objective measurements of
activity are mostly lacking, and persons do not receive
feedback and coaching in daily life, only at regular encoun-
ters with the healthcare professional. Cognitive behavioral
models explaining behavioral change indicate that persons
need to be aware of their activity behavior; otherwise,
treatment is unlikely to be effective.’

Recent advances include the effective use of mobile
technologies (e.g., smartphones and activity sensors) to
promote a physically active lifestyle.” These applications can
be especially suitable to provide real-time support and as
such improve awareness of activity behavior throughout the
day. Text messaging is the primary technology used, for
which short-term benefits are reported that could be clini-
cally significant if sustained in the long term.® The concept of
more comprehensive feedback (e.g., real time and with
motivational cues) has recently been investigated among
users with chronic low back pain,” chronic fatigue syn-
drome,'® and chronic obstructive pulmonary disease.'' Re-
sults show that users significantly respond to the feedback,
but these applications are still not sufficiently effective as
compliance to this feedback decreases over tirne,lo and
changes in activity behavior seem to diminish after a few
weeks of use.'? Studies have shown that use of an application
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significantly relates to improvement in health outcomes,'*"?

and engagement in the technology thus seems important.

The incorporation of motivational strategies by the use of
game design has been shown to have a positive effect on
motivation and engagement.'* The numbers of publications
on games that aim to stimulate physical activity have been
rapidly growing in the past years. However, the majority of
these games concern non-mobile ‘“‘exergames,”” which focus
on exercise sessions to be executed at home or at a rehabil-
itation center.'> Although these are positively received, they
fail to accomplish the transfer of physical activities to daily
life (e.g., gardening, walking) and thus in changing actual
activity behavior in the long term. To achieve this, gaming
should go beyond the walls of the home or care center into the
users’ everyday lives, where real-world activity can interact
with a game.'® These games are not as common as exergames
but are the up and coming focus of mobile technologies, in-
creasing in both research and commercial areas.

We would expect that mobile games could have an added
value in changing daily activity behavior compared with
non-game interventions as mobile gaming (1) triggers ac-
tivity throughout the day given players’ actions, (2) enables
advanced awareness and personalization, which are impor-
tant aspects in behavioral models, and (3) enables increased
engagement in using technology by applying game me-
chanics. However, no reviews exist that provide an overview
of mobile games that aim to improve activity behavior in
daily life. Therefore, this review reports on such state-of-the-
art mobile activity games and reviews the following:

e theoretical foundations—from the point of view of both
behavioral science and game design,

e game characteristics, such as the applied feedback
mechanisms, and

e cvaluation methodologies.

Materials and Methods
Selection criteria

The scope of the review includes scientific publications
that involve mobile games or gamified applications that aim
to improve daily physical activity in everyday life (i.e., focus
on opportunistic physical activity),"” excluding structured
exercise (i.e., exergaming). For this review we follow the
definition of McGonigal'® to define a game or gamified ap-
plication: a game identifies goals defining what the player is
expected to do (i.e., save the world, solve the mystery, etc.);
using actions regulated by a framework of rules; a feedback
system that lets the players know how they are doing; and
voluntary participation, so it is experienced as a safe and
pleasurable activity. In addition, studies should include an
evaluation of the mobile game or gamified application. As
this research area is still in its infancy, we report on all
scientific publications, including noncontrolled trials and
early-phase pilots.

Search procedures

A systematic search in literature databases (PubMed, Web
of Science, and the Association for Computing Machinery
[ACM] Digital Library) was performed. Articles in English or
Dutch published between January 2004 and June 2014 were
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included. Key terms used in an array of arrangements with
Boolean operators to conduct searches were as follows:
“game” or ‘“‘persuasive” or “‘play”’ AND “‘daily activity” or
“physical activity” AND ‘““mobile’” or “ambient” or ‘“‘ubig-
uitous” or ‘“‘ambulant” or ‘“‘daily life.” Medical subject
heading terms were used in PubMed. The thesaurus available
in Web of Science and ACM was used to ensure that relevant
key words were properly searched in each database. In addi-
tion, a manual search of relevant journals was carried out up to
July 2014. Finally, the reference lists of the included studies
were scanned to find further potentially relevant studies.

Data collection and extraction

The initial screening was based on the titles and abstracts
against the inclusion criteria to identify possible relevant
studies. Next, the relevant articles were screened based on
their full text for final inclusion, done separately by M.T.
and M.D-v.W. Possible disagreements about study inclu-
sion were discussed among the authors. For data extraction,
two review tables were constructed. The data extraction
was again conducted by the same reviewers (M.T. and
M.D.-v.W.).

The first table focused on the theoretical foundations
(behavioral and gaming) and game characteristics (description,
goal setting in relation to physical activity, game elements, and
feedback mechanisms). For the game elements, we used the
“Ten Ingredients of Great Games”'®: (1) self-representation
using metaphors or avatars, (2) three-dimensional environ-
ments, (3) narrative context, (4) feedback, (5) reputations, ranks,
and levels, (6) marketplaces and economies, (7) competition
under rules that are explicit and enforced, (8) teams, (9) parallel
communication systems, and (10) time pressure. Feedback
mechanisms were categorized according to the framework of
Dunwell et al.>; “a framework for the consideration of feed-
back in serious games,” which is an adapted version of the
classification of Rogers2' of feedback types. These feedback
types are feedback on status or scores (current and/or historical),
feedback on (goal) progression (current and/or historical),
feedback to encourage, feedback with a user interaction model,
and feedback with experience to understanding.

The second table focused on the evaluation methodology
with the following categories: study characteristics (purpose,
setting), sample characteristics (target group, sample size,
age), and evaluation stage. For the latter, we used the Staged
Approach to evaluation of telemedicine of DeChant et al.,”
which suggests tailoring the type of assessment to the de-
velopment cycle of the technology. Broadly, the framework
differentiates between technology evaluation at application
levels (Stage 1-2) and global levels (Stage 3—4). Outcomes
of evaluation can be expressed in terms of a potential to
increase accessibility, to improve quality of care, or to de-
crease costs. Articles were assigned to one of the DeChant
stages as follows:

e Stage 1: Technical efficacy (assess accuracy, reliabil-
ity, and usability)

e Stage 2: Specific system objectives (assess single end
points of access, quality, or cost)

e Stage 3: System analysis (assess global impact on ac-
cess, quality, and cost)

e Stage 4: External validity (as in Stage 3 but applied in a
different system)
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Results

In total, 797 articles were identified through the database
search. After title and abstract were reviewed, 40 articles were
considered for full review. In addition, seven articles were
identified from reference tracking and searching relevant
journals. Finally, 11 studies met all inclusion and exclusion
criteria as described in the flow diagram of the inclusion pro-
cess (Fig. 1) and were included in this review. The main reason
for studies to be excluded was that the application did not
include a game goal or gaming rules or did not focus on daily
life activities, but rather on specific movements/exercises. The
included studies™* were published between 2006 and 2014,
and most of them within the last 5 years. Each of the studies
described the evaluation of a distinct game concept for pro-
moting physical activity in daily life.

Theoretical foundations

Table 1 shows limited theoretical foundation for the game
development in the included studies. In Xu et al.,*? their
game was founded on the ecological model of health be-
havior change for physical activity of Sallis et al.>* Instead of
treating health behaviors as personal responsibilities, eco-
logical models emphasize the environmental, social, and
policy contexts of human behaviors. Other studies used parts
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from theories or models for their game design. Rodriguez
et al.%” used triggers for physical activity, based on the be-
havioral model of Fogg,?> and incorporated historical in-
formation and reflection, based on the Cognitive Dissonance
Theory, to help the user to remain focused on the commit-
ment to change by making him or her aware of past behavior
as it relates to set goals. Both Munson and Consolvo®® and
Zuckerman and Gal-Oz>® incorporated goal setting as a de-
sign element in their applications, thereby referring to the
Goal Setting Theory.*® Zuckerman and Gal-Oz™* in addition
incorporated two gamification elements to identify their ef-
fectiveness: virtual rewards, as they can reduce intrinsic
motivation according to the self-determination theory, and
social comparison, thereby referring to Festinger.>”

Game characteristics

Table 1 shows the game characteristics of the 11 games
from the included articles. All studies focused on activity
behavior, the one more in general and the other more spe-
cific, such as increase in number of steps. The majority of the
games were played on a mobile phone alone?3.25-26:28,29.33; of
the remaining games evaluated, one was with connection to a
computer display,>* versus others on a computer display
alone.”’%2 Some applications made connection to third
parties (like Facebook).”**® Activity was designed to be

Records identified through database searching
n=
(PubMed n=38; WebofScience n=284; ACM n=475)

797

Records excluded bases on title and abstract
N=755

Main reasons:
*Exergaming
eNotin dailylife
eNogame rules

\
Full text articles assessed for
eligibility
N=40

Full text articles identified from
searchingreferences and relevant

Full text articles excluded
N=29

Main reasons:
eNo game rules

journals eNot in daily life
N=7 *No focus on physical activity
Articles included
N=11
FIG. 1. Flow diagram of inclusion process. ACM, Association for Computing Machinery.
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assessed by the built-in sensors of the mobile phone?*->*233

or by a separate pedometer>’> or accelerometer,”>%! by
monitoring GPS data,® or by adding activities in a physical
activity journal on the phone.?®

Most studies (63 percent) used goal setting as a motivation
strategy to encourage physical activity (e.g., step count, time
for exercising). Four studies did not use any goal setting in
relation to physical activity.

The present review shows a large variety of gaming con-
cepts, with a minimum of two game elements®’ and a max-
imum of nine® used. Rewards and competition are the game
elements that were used the most by the studies: 81 percent
and 72 percent, respectively, of the studies. Most studies (72
percent) used metaphors or avatars to visualize activity. For
example, Lin et al.?” presented the level of physical activity
with a bowl of growing fish, whereas Fujiki et al.”> used a
couch avatar, which is a caricature of a well-known athlete,
politician, or actor.

In most studies, feedback on status or scores and feedback
on goal progression as feedback mechanisms are used to-
gether. They provided real-time feedback based on current
physical activity status in relation to the goal setting. Only a
few?>*%2? showed historical information on goals reached in
the past. Few included encouraging feedback.?>** For
example, Fujiki et al.> sent an alert to the player when the
opponent was too far ahead or a congratulatory message
when the player was far ahead. Only two studies?3-32 showed
feedback on received scores in the past. For example, Xu
et al.>? showed the step history.

Evaluation

The included studies targeted children,24’32 the elderly,29 the
general public,®' colleagues,”>*’ university students,®*%?
Facebook members,”® or persons who are in the same social
groups.”® Sample size ranged from 8 to 1743 participants, with a
median of 19. The interventions ranged from a single gameplay
session”*?%?? to multiple days™>"** or weeks2527:28.31.32 of
use, with a median use of 10 days (range, 1-98 days).

As shown in Table 2, the majority of the studies reported
on a Stage 1 evaluation study,”>>***7* focusing on usability,
feasibility, or acceptability. Usability and acceptability were
mainly assessed using interviews or questionnaires. Four
studies investigated whether the game could meet the sys-
tem’s objectives (i.e., the effect on behavioral change,27 the
adoption in the real world,** the change in physical activity,*'
and walking behavior™®) and are thus considered a Stage 2
evaluation. For this, two studies used a randomized controlled
design: within-subjects (three conditions)®' and between
groups (three conditions),”* where in both studies a condition
was applied for a 10-day period. Lin et al.*’ randomly as-
signed participants to a team condition or a single player
condition but did not have a control group without game
elements, whereas Xu et al.** had a mixed methods approach.
For all Stage 2 studies we could observe that the evaluation
methodology was scarcely described, lacking information
about, for example, data and statistical analysis, randomiza-
tion procedure, blinding, or power calculation.

Outcomes

The two studies with a randomized controlled design®'~?

showed no effects for activity behavior based on the condi-
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tion. In other words, the addition of game elements did not
have a beneficial effect in these studies. In the study of Walsh
et al.,31 further analysis showed that newer Fitbit (Fitbit, San
Francisco, CA) users took more steps when using the
“StepCity”’ game than they did in a control condition, al-
though trending (P =0.09).

Discussion

The present review provides an overview of current mo-
bile games that aim to improve activity behavior in daily life,
with regard to the applied theoretical foundations, game
characteristics, and evaluation methodologies. Eleven stud-
ies were included.

This review shows limited theoretical foundation for the
game development for the majority of the mobile games.
Instead, most used parts of theories or looked into useful
design strategies from existing physical activity applications.
For example, Bielik et al.** identified key design require-
ments based on three literature reviews, which resulted in a
system that applied several intrinsic and extrinsic motiva-
tional factors. However, literature suggests that interventions
that are based on behavioral theory or use tailored feedback
based on behavioral theories show significantly larger effect
sizes than interventions without theory foundation.’®>°
Using health behavior theory to guide intervention design
may thus increase intervention effectiveness.*® Indeed, in our
review, the theory-based ‘‘American Horsepower Chal-
lenge”** showed a significant increase in physical activity
compared with baseline, although with a small effect size.
Achterkamp et al.,*' who analyzed data from participants
who used an ambulant activity coach in daily life, suggested
that especially self-efficacy and stage of change (part of the
Transtheoretical Model) are two aspects from behavioral
change theories that appear important when developing
technology-supported physical activity interventions. As
such, we would expect that the incorporation of behavioral
theories similarly applied in technology-supported physical
activity interventions could positively contribute to the ef-
fects of mobile games in changing physical activity behavior.
Research into motivational theoretical models for games
would be an interesting path to continue research and design
methodologies.

Goal setting was a common element in the design of the
games in our review, and research regarding physical activity
interventions already showed that combining goal setting
and (persuasive) technologies can significantly improve the
results of interventions that focus on physical activity.** Goal
setting enables the player to extrapolate what is learned in the
game to his or her own real life.40 Rodriguez et al.*® incor-
porated historical information and reflection, to help the user
to remain focused on the commitment to change by making
him or her aware of past behavior as it relates to set goals.
This largely resembles the Goal Setting Theory, in which
goals have been shown to be most effective when they
are important to the individual, realistic, shown in relation to
the user’s progress, and combined with positive feedback
as progress toward the goal is made.3® Zuckerman and
Gal-Oz* showed that offering continuous measurement of
walking time, a daily goal, and real-time feedback on prog-
ress toward this goal facilitated reflection on activity and
significantly increased walking time over the baseline level.
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Such examples also show the evident overlap between game
characteristics and behavior change techniques. As this is
both theory-founded and has been shown to be an effective
component of interventions to promote physical activity,
self-monitoring, goal setting, and encouraging feedback
should preferably be combined in mobile gaming applica-
tions that aim to promote physical activity. We would expect
that by including behavioral aspects into the game of an
individual player, adapted to, for example, self-efficacy, this
could probably create a game that is more effective.

To increase the motivation of the user to engage with the
game, the reviewed studies included two to nine game ele-
ments. Metaphors or avatars are commonly used to represent
the monitored activity to the user. The use of metaphors and
avatars is common and reasonable in game design, but also in
persuasive design: showing physical activity levels as, for
example, a ﬁower,43 a gaurden,M’45 or art.*® Such metaphor-
ical disi)l_a‘ys are in general well accepted and positively re-
ceived.* ™ Lin et al.?’ specifically showed that exhibiting
activity through the growth and emotional state of virtual fish
indeed increased users’ awareness of their levels of physical
activity and increased their motivation to exercise. As ab-
stract presentations of activity (e.g., by a graph) have shown
a decreasing adherence after a few weeks of use,12 such
metaphors seem a promising tool for motivation in mobile
gaming applications.

The review shows that virtual rewards and social com-
parison (competition) were the two most commonly im-
plemented elements. Zuckerman and Gal-Oz* investigated
the added value of these two gamification elements in their
application but did not find a significant contribution of the
game elements. Reeves and Read'® distinguished 10 game
elements, but this does not mean a great game should contain
all elements; this could even be an overload. To our
knowledge, clear recommendations on what game elements
are most suitable to increase engagement with a mobile game
are not yet available. As mentioned elsewhere,” most sys-
tems are evaluated as a whole, and different elements of the
applications then confound. Systematic evaluation of the
effectiveness and added value of game elements for better
understanding their motivational contributions should be an
important field of research.

The majority of the evaluations of the reviewed studies are
still in their infancy, showing as mainly Stage 1/2 evalua-
tions, and no large clinical trials on clinical or cost-
effectiveness are really available. This review did not report
on evaluation outcomes, and meta-analysis is by far not
possible in this new field of research. Therefore it is difficult
to say whether these mobile games/applications can con-
tribute to actual behavior change, also because the majority
of studies were short term, with a lack of power or low
methodological quality. Furthermore, from this review it also
became apparent that the games were developed for and
evaluated with healthy individuals. Only one has been de-
veloped for the elderly?® and none for persons with a
(chronic) disease, although these are the groups that would
benefit the most from a physically active lifestyle. Clearly,
we need more substantial research on the effects on mobile
gaming applications, and future reviews should focus on the
potential effect of gaming applications on physical activity in
daily life, preferably following a structured reporting method
(e.g., PRISMA).

TABAK ET AL.

Strengths and limitations

In this review, we chose several definitions, selection
criteria, and methodologies for the analysis of the studies, as
to our knowledge no standard framework is yet available. For
example, we chose the 10 ingredients of great games’” for
scoring game elements in the included studies, despite the
possible incompleteness of this list. Our choices could have
influenced the reported results: for example, we excluded
applications that did not include a game goal, rules, and
feedback, thereby excluding studies evaluating persuasive
applications like Flowie.*> Especially in this field of re-
search, authors have defined design guidelines for motivating
applications to change daily activity, where goal setting,
awareness, and ubiquity seem important elements.?*4>48

The application of gaming in mobile interventions to
change daily activity behavior is new and upcoming. This
review provides an overview of mobile games, regardless the
technology readiness level (e.g., proof of concept or com-
plete), as we did not limit the review to randomized con-
trolled trials. We executed the search in different fields of
expertise (i.e., health, psychology, and computer science). It
has to be noted that many game developments arise outside
the scientific world, from which we could learn motivating
gaming aspects. For example, ‘“Zombies, Run!”’ is a very
popular mobile game, in which you can walk, run, or jog in
the real world while you are on a story mission in the mobile
game, chased by zombies and collecting supplies to rebuild
your town.*

Conclusions

This review provides a first overview of a new research
area: mobile activity games to promote physical activity in
daily life. The reviewed studies show that there is limited
theoretical foundation for the game development, and most
studies used goal setting as a motivation strategy to engage
people in playing the game. Metaphors were used to visu-
alize the monitored activity, whereas feedback was mostly
provided in relation to the goal. Rewards and competition
were the most commonly incorporated game elements.
However, substantial evaluations of the mobile games are
not yet available, and additional efficacy trials are needed to
establish the impact of mobile gaming application on daily
physical activity.
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