Journal of the American Medical Informatics Association, 21(5), 2020, 818-833

doi: 10.1093/jamia/ocaa013 /\ M | /\

INFORMATICS PROFESSIONALS. LEADING THE WAY.

Review

Review

Serious games for smoking prevention and cessation: A
systematic review of game elements and game effects

M.E. Derksen," S. van Strijp,’ A.E. Kunst," J.G. Daams,? M.W.M. Jaspers,® and
M.P. Fransen’

1Depar’[ment of Public Health, Amsterdam Public Health Research Institute, Amsterdam UMC, University of Amsterdam,
Amsterdam, the Netherlands, 2Medical Library, Amsterdam UMC, University of Amsterdam, Amsterdam, the Netherlands, and
3Depar‘[ment of Medical Informatics, Amsterdam Public Health Research Institute, Amsterdam UMC, University of Amsterdam,
Amsterdam, The Netherlands

Corresponding Author: Marloes E. Derksen, MSc, Department of Public Health, Amsterdam UMC, University of
Amsterdam, Meibergdreef 9, 1105 AZ Amsterdam, The Netherlands; m.e.derksen@amsterdamumc.nl

Received 24 July 2019; Revised 7 January 2020; Editorial Decision 21 January 2020; Accepted 23 January 2020

ABSTRACT

Objective: Serious health games might have the potential to prevent tobacco smoking and its health conse-
quences, depending on the inclusion of specific game elements. This review aimed to assess the composition
of serious games and their effects on smoking initiation prevention and cessation and behavioral determinants.
Materials and Methods: We systematically searched MEDLINE, Embase, PsycINFO, and Web of Science for
publications that evaluated serious games aimed at changing smoking behavior or behavioral determinants. A
taxonomy by King et al was used to classify game elements.

Results: We identified 15 studies, evaluating 14 unique serious games. All games combined multiple game ele-
ments (mean 5.5; range, 3-10). Most frequently used were general and intermittent rewards, theme and genre
features, and punishments. Six studies on smoking prevention together assessed 20 determinants and found
statistically significant positive effects for 8 determinants (eg, attitude, knowledge, intention). Of 7 studies on
smoking cessation, 5 found positive, statistically significant effects on smoking cessation or status. These stud-
ies found statistically significant positive effects for 6 of 12 determinants (eg, self-efficacy, attitude, intention).
The maijority of included studies had poor or fair methodological quality, lacked follow-up measures, and had
fixed (as opposed to free, on-demand) play sessions.

Conclusions: Serious games included multiple types of game elements. The evidence from a number of studies
suggests that games may have positive effects on smoking-related outcomes, particularly smoking cessation.
However, as most studies had important methodological limitations, stronger designs are needed to demon-
strate, quantify, and understand the effects of serious games.
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INTRODUCTION

Serious games, defined as games with a primary purpose other than
pure entertainment, evolved rapidly in the last decade.” Such games
can be used to educate, communicate, and improve health.” The
latter can target disease prevention, diagnosis, management, and

treatment in a great variety of health behaviors and diseases.® Previ-
ous reviews suggested that serious games had small positive effects
on health-related behaviors and their determinants.* For example,
exergaming, which requires rigorous physical exercise, was effective
in increasing or substituting physical activity in adults in the short
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term,® and to decrease childhood obesity.® Similarly, serious games
were found to be effective in psychotherapy’” and showed positive
effects on determinants of sexual health behavior.®

While many studies have assessed the overall effectiveness of se-
rious games, the composition of serious games (ie, inclusion of game
elements) is mostly unattended. Serious games commonly combine a
series of game elements, which are features that are “found in most
(but not necessarily all) games, readily associated with games, and
found to play a significant role in gameplay.”® Many of such ele-
ments bear correspondence with behavior change techniques or

1011 such as feedback, rewards, and social

learning mechanisms,
influences. Specific game elements may strengthen players’ engage-
ment, feelings of progress, and motivation to finish.'>

Serious games have been used increasingly to prevent initiation
among adolescents or to motivate and support adult smokers to quit
smoking. Yet, no review has systematically assessed the cumulated
evidence regarding the effects of serious games on smoking-related
outcomes, including the strength of such evidence. In addition, there is
no systematic overview of which game elements are included in seri-
ous games. This review addressed the following 2 specific objectives:
(1) assess what game elements are included in serious games aimed at
smoking prevention and cessation and (2) assess the effects of those
serious games on smoking-related outcomes.

MATERIALS AND METHODS

We registered our systematic review protocol a priori in the PROS-
PERO register (ID CRD42018097430) and we followed the
PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines for reporting our systematic review.

Inclusion and exclusion criteria
We searched for original research articles that evaluated serious
games targeting tobacco smoking prevention, cessation, or behav-
ioral determinants. We structured our inclusion and exclusion crite-
ria according to the PICOS (Population, Interventions,
Comparisons, Outcomes, Study designs) model. Regarding popula-
tion, we included all populations; thus, no specific populations were
excluded in this review. Regarding interventions, we included seri-
ous games (ie, games with a primary purpose other than pure enter-
tainment)' and excluded other games, as well as interventions
lacking game elements. We included studies with a serious game as
intervention targeting tobacco smoking (eg, cigarettes, cigars, pipes),
whereas studies on smokeless tobacco (eg, sucking, chewing, and
snuffing tobacco) or on substances other than tobacco (eg, cannabis)
were excluded. We included both digital and analog games. Regard-
ing comparisons, we included all comparisons; thus, no specific
comparisons were excluded in this review. Regarding outcomes, we
included studies that evaluated effects of a serious game on
smoking-related outcomes and excluded studies only reporting us-
ability evaluations and player experiences. Regarding study designs,
we included studies with the following research designs: randomized
controlled trials (RCTs), nonrandomized trials, before-after studies
without a control group, case-control studies, and cohort studies.
Moreover, we included only 1 study (most comprehensive one)
when multiple studies on the same serious game in the same popula-
tion were found. We included studies in English or Dutch and ex-
cluded studies in other languages. We did not apply restrictions on
publication year.

Search strategy

Two reviewers (M.E.D., S.v.S.) and a librarian (J.G.D.) systematically
searched MEDLINE, Embase, PsycINFO, and Web of Science from
inception for relevant published articles. Web of Science includes all
ACM Digital Library and IEEE Xplore publications. The World
Health Organization International Clinical Trials Registry Platform
and Cochrane Library intervention databases were searched to iden-
tify (un)published trials, articles, interventions, or reviews. The search
was complemented with hand-searching studies in relevant reviews as
well as snowballing by means of searching for relevant studies in the
reference list of included articles. The search query mainly combined
the concept of serious games with the concepts of smoking and health
promotion (see Supplementary Appendix A for the full search query).
Conceptually, the systematic search strategy can be summarized as
follows: (([serious gaming] and ([health promotion] OR [effect meas-
ures])) NOT [animal studies]) OR [trials]. In order to enhance preci-
sion of search results, we used VOSviewer to visually identify
potentially irrelevant terms eligible for NOTing out in our search
strategy. This led to disambiguation (eg, excluding irrelevant records
on “game” as in “wild game”).!>'* Other than these terms, we have
been highly conservative with narrowing our search strategy based on
terms that showed up in the VOSviewer word cloud. See Supplemen-
tary Appendix B for the corresponding VOS network visualization.

Study selection

After removing duplicates, 2 reviewers (S.v.S., M.E.D.) indepen-
dently screened studies based on title and abstract and assessed the
remaining articles full text for eligibility. Rayyan QCRI (Rayyan,
Doha, Qatar) and EndNote (Clarivate Analytics, Philadelphia, PA)
were used for screening and data management. Interrater reliability
was assessed before a consensus meeting to discuss any disagree-
ments. If no consensus was reached, a third reviewer (M.P.F.) was
consulted. Interrater reliability of the screening based on the title
and abstract resulted in moderate agreement (Cohen’s kappa = 0.44)
and the interrater reliability of the screening based on the full text
resulted in moderate agreement (Cohen’s kappa = 0.5).

Quality appraisal

Two reviewers (M.E.D, M.P.F.) independently appraised the quality of
each included study by using the most suitable tools of the Study Quality
Assessment Tools of the National Institutes of Health."> Studies were
not excluded based on the quality assessment. Quality appraisal yielded
a substantial agreement (Cohen’s kappa=0.67). Interrater reliability
was assessed before a consensus meeting in which reviewers discussed,
determined, and reported the methodological strength of each study. If
no consensus was reached, a third reviewer (S.v.S.) was consulted.

Data extraction and synthesis

A data extraction form was developed based on the Cochrane data
collection form for RCTs and non-RCTs.'® The form was pilot-
tested on the first 5 studies and adjusted where needed. Two authors
(M.E.D., S.v.S.) extracted data in parallel and then checked results
against each other. Any disagreements were discussed, and consen-
sus was reached without the need of a third reviewer (M.P.F.). The
following items were extracted: full reference, country, study design,
setting, participant characteristics, interventions (serious game)
characteristics, included game elements, and measures and effects on
smoking-related outcomes. We classified the effects as positive
(ie, outcomes improved), negative (ie, outcomes worsened), no dif-
ference (ie, outcomes did not change or barely changed), or mixed
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Figure 1. PRISMA flow diagram. ICTRP: International Clinical Trials Registry Platform; WHO: World Health Organization.

(ie, outcomes both improved and worsened), as well as the statistical
significance for each of these effects (if reported).

Game elements were extracted using a taxonomy of game ele-
ments by King et al,'” after using 3 different taxonomies'"'7*'® for
the first 5 studies. This taxonomy was selected as the most relevant
taxonomy since all game elements could be categorized in 5 catego-
ries: (1) narrative and identity features (eg, interactive storytelling),
(2) social features (eg, social aspects of game playing), (3) manipula-
tion and control features (eg, user input influencing in-game out-
comes), (4) reward and punishment features (eg, the ways in which
players win and lose in video games), and (5) presentation features
(eg, the visual and auditory presentation of video games). Every cat-
egory consists of multiple subfeatures.

Corresponding authors of included studies were contacted twice
with a request for additional materials detailing the intervention
content when no published materials were available. When not
available or no response was received, the intervention description
in the published included article was used.

RESULTS

Study inclusion

Our PRISMA flow diagram (see Figure 1) shows that the database
search yielded 4003 results, including 1018 duplicates. After removal
of duplicates, 2985 articles were screened based on title and abstract.
We excluded 28635 studies in this screening, mainly because the studies
did not report on a serious game as intervention for smoking preven-
tion or cessation. The remaining 120 studies were evaluated as full
text. Hereafter, we excluded 105 studies, and once more, the main
reason for exclusion was that the studies did not report on a serious
game. No studies were added from other sources, resulting in the in-
clusion of 15 studies in total, evaluating 14 unique serious games.

Study characteristics and quality

Table 1 presents details on study characteristics. All studies were in
English and published from 2008 to 2018, except 1 study published
in 1999.%° The majority of studies were conducted in North America
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(n=11), with the other studies conducted in Europe (n=4). Seven
studies were (randomized) controlled trials, 5 were pre-post studies,

32,33 and

2 studies had a between- or within-subjects factorial design,
1 was a cross-sectional study.?! If reported, the clinical and labora-
tory setting were most common, followed by “not bound to a
setting,” and school setting. The target populations were children,
adolescents or young adults in 40% of the studies, and the remain-
ing studies covered a broad age range. Sample sizes ranged from 25
to 1698, in which two-thirds of the studies had 25-91 participants.
Except for 1 study that only studied women®’ all studies included
both women and men, with 1 study not reporting on gender.** Six
of 7 studies that reported race and ethnicity included a mixture of
races and ethnicities. The 5 studies that reported on educational
level included both participants that attended high school or lower
education and participants that attended college or university. The
mean smoked cigarettes per day was 17.76 among the 7 studies that
reported this. Last, study quality scores (good, fair, poor) were
evenly distributed over studies (see Supplementary Tables 1-3).
Most studies scored fair or poor due to unreported information that
is crucial to determine methodological quality, sample sizes that
would not detect effects with enough power, high dropout or loss to
follow-up, and unblinded stakeholders.

Intervention characteristics

Table 2 presents details on intervention characteristics. Of the 15 in-
cluded studies, 14 studies evaluated unique serious games. All games
were digital games, with the exception of 2 board games.?®?” Kha-

zaal et al>®%”

reported on the same game in different populations.
Most serious games were aimed at smoking cessation (n=29),
whereas 6 aimed at smoking initiation prevention. About a quarter
of studies did not report on the theoretical basis of their serious
game. If reported, cognitive behavioral therapy and theory of
planned behavior were most often the basis of the game. A third of
the serious games were played once, for a range of—if reported—2-
90 minutes. In addition, more than half of the serious games were
played multiple times in a range of—if reported—2-10 weeks. Two
serious games had free usage,”>° for 1 of these games, it was
reported that the serious game was played twice as much as the non-
gamified website.’® Three serious games were assessed alongside a

: s 020,24,29
cointervention.?%**

Game elements

Table 3 presents the results on included game elements. None of the
studies explicitly reported any game elements, and consequently, we
extracted game elements from the game description in the articles.
All serious games included a combination of game elements from
multiple categories (mean 5.5 per serious game; range, 3-10). Most
game elements were in the category “reward and punishment
features” (n=32), next was “narrative and identity features”
(n=20), followed by “manipulation and control features” (n=12)
and “presentation features” (n=11), and last was “social features”
(n=8). On game element level, the most frequently included game
elements were general rewards types (n=11). The next most in-
cluded game elements were theme and genre features (n=9) (eg,
interacting with virtual lungs).?’ The next most included game ele-
ments (n=9) were punishments (eg, score reduction).>? Next,
graphic and sound features (eg, playing within fictional medieval
castle®®) (n=8) and intermittent rewards (n=7) (eg, varying diffi-

)20

culty of scenarios)™ were the most included game elements. Game

elements that were not included were support networks (eg, internet

forums to assist playing), negative rewards (eg, repairing items),
pay-out intervals (eg, rewarded instantly for playing), franchise (eg,
trademarked names), and explicit content (eg, violence).

Effects on smoking prevention and behavioral determinants

Table 4 presents the results regarding effects on smoking-related
outcomes. Six studies were aimed at smoking initiation prevention.
Of these, only 1 study assessed prevention by measuring use of ciga-
rettes, in which no statistically significant difference was found (par-
ticipants were nonsmokers before and after their study).?’ These 6
studies together assessed 20 behavioral determinants of smoking ini-
tiation prevention. Statistically significant effects were observed for
8 of 20 of these determinants (ie, attitude, knowledge, intention,
perceived risk, perceived susceptibility, and perceptions). Three
studies found statistically significant positive effects on attitudes to-

30-32 4lbeit not statistically significant in all condi-

ward smoking,
tions.>> One study found statistically significant positive effects for
smoking-related knowledge from pre- to postintervention, but not
at follow up.** One study found a statistically significant positive ef-
fect in behavioral intention to not involve in social smoking in 1 of
the conditions in 1 study (ie, future face vs current face), and posi-
tive but not statistically significant effects in the other condition (ie,
self-avatar vs someone else’s avatar).>? Studies that assessed per-
ceived risk,>* perceived susceptibility,>* and perceptions about out-
comes of cigarettes smoking®® also reported statistically significant
positive effects.

Effects on smoking cessation and behavioral determinants

The effects of playing a serious game on smoking status and cessa-
tion were assessed in 7 studies. Four studies found statistically signif-
19.25.2733 4nd 1 study found
positive effects that were significant at one time point but insignifi-
cant at another time point.>* Moreover, the 3 studies that assessed
the effect on the number of smoked cigarettes all found positive, sta-
tistically significant effects.?**>2” Last, 1 study found statistically

icant, positive effects on smoking status,

significant, positive effects on cravings.*

Six studies assessed the effects of serious games on behavioral
determinants of smoking cessation among adult smokers,2%2>28-33
These 6 studies assessed a total of 12 behavioral determinants of
smoking cessation. Of these determinants, 6 had statistically signifi-
cant positive effects (ie, attitude, self-efficacy, intention, self-
expansion, and coping skills). One study found statistically signifi-
cant, positive effects on attitude toward smoking.?” Self-efficacy
effects were inconclusive with statistically significant positive
effects>®?” and statistically significant negative effects.>> One study
found statistically significant, positive effects on behavioral inten-
tion to quit smoking.?® Studies that assessed self-expansion®?

coping skills*® also reported statistically significant, positive effects.

and

Other findings

Three studies evaluated a serious game that was delivered in combi-
nation with another intervention. Two studies reported statistically
significant, positive effects on smoking cessation.’*** Although
most studies reported on outcomes observed shortly after the inter-
vention,212%2426730:32.33 5 stydies reported on results after a slightly
longer follow-up (eg, at 12 weeks).!*2%232%31 Of the latter studies,
2 found statistically significant, positive effects on the number of
cigarettes smoked and cravings,?° and cessation rates.'” Rath et al®!
found statistically significant, positive effects at follow-up on anti-
smoking attitudes. The outcome measures used in the studies were


https://academic.oup.com/jamia/article-lookup/doi/10.1093/jamia/ocaa013#supplementary-data
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d,20:22:24 d,25-27:30.33

all validate partly validate or none of the meas-

- 9
ures were validated.!??1:2328:29,31,32 |

y 2 studies assessed carbon
monoxide levels when measuring smoking status.”*>* The majority
of the studies with statistically significant effects had a fair or good
study quality score. Owing to the heterogeneity of the included stud-

ies, it was impossible to perform a pooled meta-analysis.

DISCUSSION

This systematic review aimed to gain insight into the composition
and effects of serious games on smoking-related outcomes. We
found that serious games included multiple game elements of differ-
ent categories. The evidence from a number of studies suggests that
games may have positive effects on smoking-related outcomes, par-
ticularly on smoking cessation. Six studies on smoking prevention
together assessed 20 determinants and found statistically significant
positive effects for 8 determinants (ie, attitude, knowledge, per-
ceived risk, perceived susceptibility, intention, and perceptions).
Nine studies were aimed at smoking cessation, of which 7 assessed
smoking status or cessation. Of these studies, 4 found statistically
significant, positive effects on smoking status, and 3 studies assessed
the effect on the number of smoked cigarettes with all finding posi-
tive, statistically significant effects. Six studies assessed the effects of
serious games on 12 determinants of smoking cessation, 7 of which
found statistically significant positive effects (ie, self-efficacy, self-
expansion, attitude, coping skills, and intention).

This review analyzed which game elements are included in seri-
ous games aimed at smoking prevention and cessation. Similar to
our findings, a review of serious games for sexual health promotion
found that “feedback” and “rewards” were most frequently in-
cluded game elements.® These game elements are known behavior
change techniques or learning mechanisms.!%!! The extracted game
elements of the serious games in this review mainly correspond to
the “10 ingredients of great games” (eg, avatars, 3-dimensional envi-
ronments, narrative context).>* Most serious games in this review
did not include elements in the category “social features.” The game
element “support networks” was not included in any of the studies.
Social features, which include support networks, appear thus under-
represented in serious games for smoking initiation prevention and
cessation. This underrepresentation suggests that there is a window
of opportunity to incorporate these features in these serious games,
which could contribute to their effectiveness to prevent or stop
smoking. This is because serious games with social features included
in this systematic review all reported positive significant effects on
smoking cessation and determinants.'®?%3% Moreover, the literature
points out that smoking cessation and relapse are strongly associated
to smoking behavior in social networks,>® and smoking behavior is
impacted by social influence.*® For many people, identification with
and social norms of important reference groups play an important
role in increasing a smokers’ self-efficacy to quit.’” Social support
networks can further offer platforms for increasing motivation or in-
terest in quitting smoking and preventing or sustaining abstinence,
and have provided preliminary effectiveness in smoking cessation.®

Our finding that a number of studies suggested that games may
have positive effects on smoking-related outcomes is in line with
other reviews on serious health games. Sexual health games posi-
tively affected behavioral determinants (eg, intention), yet no effect
on behavior was found (eg, delayed sexual initiation).® Exergaming
was found to result in positive effects on physical activity—related
outcomes, while determinants (eg, self-efficacy) were not assessed.’
Serious games for healthy lifestyle promotion yielded small positive

effects on health behaviors (eg, healthy diet) and determinants (eg,
knowledge).* Serious games for chronic disease self-management are
effective in improving knowledge and self-management.*® Our re-
view shows that some serious games have the potential to stop
smoking and positively influence behavioral determinants of smok-
ing cessation. Considering the effects of serious games on smoking
initiation prevention, the results were more ambiguous and will
likely require a timespan covering years rather than weeks. Also,
some studies may have lacked power to detect statically significant
effects.

Our review exposes various limitations in the included studies
and raises serious questions. The heterogeneity of studies, interven-
tion characteristics, and outcomes inhibits an unambiguously, con-
clusive evaluation of the effects of serious games on smoking-related
outcomes. Moreover, the reporting of the studies did not allow an
analysis of the effects of specific or combinations of game elements
on smoking-related outcomes. Further, many studies were classified
as poor or fair (methodological) quality, raising questions about the
validity of results. One of the main issues was unreported informa-
tion. This prevents a distinction between studies that reported in-
completely but may have in fact good methodological quality and
studies that actually had poor methodological quality.*® Lack of in-
formation on characteristics of study also creates uncertainty about
the generalizability of the results. Moreover, about a quarter of the
studies did not report any theoretical basis of their game or interven-
tion; however, this is crucial for effectiveness of serious games on be-
havioral determinants.* This is underlined by a review that places
theoretical basis in the first stage of a framework for developing seri-
ous games.*! Another limitation of the studies in our review is that
only § studies reported follow-up outcomes up until 12 weeks. As it
is known that most smokers have multiple quit attempts before
achieving maintained smoking cessation, long-term results are of
great importance to assess whether serious games have lasting effects
on smoking on smoking-related outcomes. To illustrate, 1 study
showed that at follow-up the positive effects on self-efficacy and in-
tention to change health behavior can substantially be reduced.* In
accordance with a Cochrane review, we suggest that for research
follow-up of at least 6 months of abstinence should be used as a
benchmark for sustained smoking cessation.** Another limitation is
that most studies did not use or partly used validated and reliable
measures. In addition, smoking status was only in 2 studies assessed
by carbon monoxide; other studies used self-reports. Self-reports
tend to underestimate smoking behavior.*> Furthermore, for studies
assessing effects of a serious game combined with another interven-
tion, it remains unclear if the effects can be attributed to the serious
game, or are a result of the cointervention. Last, the fixed playtime
of the serious games is a limitation. The amount of playtime (ie, fre-
quency and duration) of serious games and settings of studies varied
greatly among studies in our review, and only 2 studies allowed free
usage. Effects assessed based on free usage are likely to reflect effects
close to real-life effects in contrast to fixed play sessions. The fixed
play of most serious games might thus generate effects that are not
(fully) generalizable to real-life settings.

Limitations

Our systematic review might be affected by publication bias, which
may have resulted in an overestimation of the potentially positive
effects of serious games on smoking-related outcomes. Another limi-
tation of our review is the quality appraisal of included studies. De-
spite the independent appraisal by 2 reviewers and the use of quality
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appraisal tools, there was room for subjectivity in the appraisal. An-
other limitation is that we were dependent on the descriptions of a
game in the included articles for the extraction of game elements,
which were often not detailed. Therefore, we might have misclassi-
fied game elements. Last, the results of this review might be influ-
enced by the taxonomy of King et al,'” which we used for extraction
of game elements. Although we used the most relevant taxonomy
according to our assessment of 3 taxonomies, game elements might
have been missed due to the specific taxonomy used.

CONCLUSION

In this review, we gained insight into the composition and effects of
serious games on smoking-related outcomes. As a next step, it would
be valuable to assess the contribution of single or combinations of
game elements on the effects of these serious games on prevention
and cessation of smoking. Based on the results of our review, we
suggest to include game elements with reward and social features
and subsequently assess their contribution to effects. These features
are the most and least included game elements, respectively, and a
contribution assessment would show whether this is justified.

This study stresses the need for health informaticians to base se-
rious game design on theories and to apply multiple game elements,
among which game elements from the category “social features.”
Health informaticians should further consider setting up social net-
works in relation to game use. They should evaluate these games on
their effectiveness, with standardized, valid evaluation measures and
measurements. Furthermore, we urge future evaluations to be based
on voluntary playtime and to assess long-term results (at least 6
months postintervention). Still, the intended intensity of interaction
(ie, intermittent interaction or time-intervals) between the player
and the game should be taking into account when determining the
length of the follow-up period. Moreover, we highly recommend
that future evaluations of serious games be more methodologically
homogenous and of high quality. We advocate for detailed descrip-
tions of study populations to shed light on external validity, studies’
methodologies, intervention components, and protocols.

To conclude, serious games included multiple game elements of dif-
ferent categories and seemed to positively affect smoking-related out-
comes, particularly smoking cessation. However, owing to the various
limitations of the literature, we cannot be conclusive about the effects
of serious games on smoking prevention, cessation, or behavioral deter-
minants. At this point, we have insufficient knowledge on the effects
and working mechanisms of serious games to make well-founded rec-
ommendations to game designers. Once again, future evaluations
should be more homogenous, comprehensive, and of high quality.
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