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Abstract

Background: The consumption of alcohol and drugs, particularly in adolescents and young adults, has increased worldwide in
the last several years, representing a significant public health challenge. Serious games have the potential to support preventive
and treatment interventions for substance use, facilitating the acquisition of relevant knowledge and the motivation for changes
in attitudes and behaviors regarding substance consumption.

Objective: This scoping review aimsto analyze a set of 7 relevant characteristics of current serious games designed to support
the prevention and treatment of alcohol and drug consumption in adolescents and young adults—the substance addressed, the
type of intervention, the theoretical basis, the computational techniques used, the mechanism for data security and privacy, the
evaluation procedure followed, and the main results obtained.

Methods: The review was performed by following the PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews) guidelines. Datawere retrieved from January 2010 to May 2022, using PubMed,
Scopus (Elsevier), IEEE Xplore, and ACM Digital as data sources. The eligibility criteriaincluded studies that described serious
games designed to support the prevention or treatment of acohol and drug consumption, targeted a population aged between 12
and 30 years, and included an evaluation procedure. Authors (JIMM and |EEC) individually screened the titles and abstracts, and
then full articles were reviewed for afinal inclusion decision.

Results. A total of 629 records were obtained, and 29 (4.6%) fulfilled the inclusion criteria. Most of the serious games (14/29,
48%) were focused on the prevention or treatment of alcohol use. The type of intervention that was the most supported was
prevention (18/29, 62%), and most studies mentioned the theory, theoretical construct, or therapeutic technique used asafoundation
(22/29, 76%). Most of the studies only provided information about the platform for execution (23/29, 79%), and few described
the use of computational techniques, such asvirtual reality or motion-based interaction (5/29, 17%). A small set of studies (10/29,
34%) explicitly mentioned how data security and privacy were addressed. Most of the reported evaluation protocols were pilot
studies (11/29, 38%), followed by randomized controlled trials (10/29, 34%), and the reported results were positive in terms of
acceptability, usability, and efficacy. However, more research is needed to assess |ong-term effects.

Conclusions; Given the increasing interest in the use of serious games as digital interventions to support the prevention or
treatment of substance use, knowing their main features is highly important. This review highlights whether and how current
serious games incorporate 7 key features that are useful to consider for the further development of the area.

(JMIR Serious Games 2022;10(3):€39086) doi: 10.2196/39086
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Introduction

Background

The use of illicit drugs and alcohol is a serious public health
problem worldwide that affects an important percentage of the
population. The United Nations World Drug Report 2021
estimates that approximately 5.5% of the population aged
between 15 and 64 years have used drugs at least once in the
past year, whereas 36.3 million people (13% of thetotal number
of people who use drugs) have drug use disorders [1].
Furthermore, the World Health Organization (WHO) estimates
that the total alcohol consumption per capita in the world's
population aged >15 yearsisat theleve of 6.4 L of pureacohol,
and it is expected to increase to 7.0 L in 2025 [2].

Adolescence is the developmenta period with the highest risk
of developing a substance use disorder [3]. Studies on brain
development indicate that this period of lifeis characterized by
suboptimal decisions and actions that are associated with risk
behaviors, including an increased incidence of substance abuse
[4]. The hedth consequences of alcohol and drugs in this
population are highly negative as the consumption of substances
is associated with neurocognitive alterations that can lead to
behavioral, emotional, social, and academic problems later in
life [5]. Moreover, some studies show that people of younger
ages aredisproportionately affected by al cohol when compared
with individuals of older ages. The proportion of al deaths
attributable to alcohol consumption is most significant among
those aged 20 to 39 years, representing 13.5% of all deaths
among these people[2]. Furthermore, drug overdose is behind
the deaths of many adolescents, which have increased in the
last decades, mainly because of the consumption of opioids[6].
Thus, interventionsfor preventing and treating al cohol and drug
consumption in youth are necessary to tackle substance abuse
to minimize the negative consequences in older ages. These
interventions are crucial during adolescence and emerging
adulthood because of evidencethat precocity has been associated
with a further increased risk of developing substance use
disorders|[7].

Different intervention strategies are currently implemented to
mitigate substance use in adolescents and young adults,
including universal prevention, selective prevention, and
treatment [8]. Although the evidence shows that these
interventions are effective, thereisaso acritica need to increase
the availability and accessibility of these health servicesto a
greater population [9]. Owing to the wide use and acceptance
of technology among the young population, different web-based
applications and mobile apps have been developed to support
and complement traditional interventions or are even provided
as stand-alone interventions. These digital applications offer
some advantages such asminimal cost [10], reducing the burden
on health care professionals[11], and the personalization of the
intervention to different individuals [12]. In addition to
web-based applications and mobile apps, one of the digital
solutions that would offer different advantages to support
substance use interventions, particularly for adolescents and
young adults, is the devel opment of serious games.
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Serious games are computer games developed with objectives
not only related to users’ entertainment but also to facilitate the
increase of skills and abilities, gain knowledge, or acquire
experience. The use of serious games for health has increased
inthelast several years because of their capabilitiesto ssimulate
real-life situations, collect information that helps identify
specific conditions and behaviors, and provide information to
involve and support the user at different stages of the health
care process [13]. Serious games have been used as digital-based
interventions for different health care problems such as the
prevention of obesity in children [14], supporting children with
chronic diseases[15], promoting the treatment of mental illness
[16], and providing information about how to prevent
COVID-19[17], to name afew.

Substance use prevention and treatment are al so benefiting from
serious games. Different research efforts are currently dedicated
to developing and evaluating serious gamesto facilitate the gain
of knowledge and the promotion of behavior change in
individuals facing health problems related to substance use.
Thus, it is essential to know how these solutions are currently
designed, implemented, and evaluated in terms of thefollowing
questions: (1) What are the substances whose use is intended
to be prevented or treated with the support of serious games?
(2) How are these serious games designed and used (as
stand-aloneinterventionsor as part of aprevention or treatment
program)? (3) What is the theoretical background on which
these serious games are based? (4) What are the main
computer-based techniques and methods (eg, augmented reality,
artificial  intelligence, and brain-computer interfaces)
implemented in these serious games? (5) What are the types of
eval uation and what are the main outcomes assessed with these
serious games? (6) What mechanism is implemented to assure
the security and confidentiality of users data? (7) What are the
reported efficacy and limitations of the serious games used for
the prevention or treatment of substance use?

Objectives

To our knowledge, there are 2 previous reviews addressing the
use of serious gamesfor the prevention of a cohol and drug use,
but both are exclusively focused on educational purposes
[18,19]. Thus, the objective of this study was to perform a
scoping review of serious games used for the prevention and
treatment of alcohol and other drug use considering not only
educational or learning objectives but also the promotion of
behavior change. By answering the aforementioned 7 questions,
this review will contribute to a better understanding of how
serious games are currently designed, used, and evaluated, as
well as of the reported impact they have asdigital interventions
for the prevention and treatment of substance usein adolescents
and young adults.

Methods

We followed a scoping review methodology to synthesize
concepts and research concerning the use of serious games as
interventions designed to support the prevention and treatment
of acohol and drug consumption in youth. This protocol
followed the PRISMA-ScR (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for Scoping
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Reviews) methodology [20] to ensure that our review was
conducted systematically and was bias-free.

Eligibility Criteria

The studies included in this scoping review were studies
published between January 2010 and May 2022 that focused
on the description of (1) serious video games devel oped with
the objective to (2) support the prevention or treatment of (3)

alcohol and drug use, targeted (4) a population aged between
12 and 30 years, and included (5) an evaluation procedure.

Serious Games

To include only serious video games and exclude other types
of interactive game-like applications (eg, applications
implementing simulated virtual environments or conversational
synthetic characters), the main inclusion criterion wasto identify
in the retrieved works the five components of a serious game
described in the study by Wattanasoontorn et al [13]: (1)
implements rule or gameplay, (2) contains a challenge, (3)
implements some type of user interaction, (4) has an explicit
objective (entertainment), and (5) has an implicit objective
(increasing skillsand abilities, gaining knowledge, or acquiring
experience).

Drugs

When referring to drugs in this study, we adopt the WHO
definition, as follows: psychoactive drugs that, when taken in
or administered into on€e’s system, affect mental processes (eg,
perception, consciousness, cognition, or mood and emotions).
Psychoactive drugs belong to abroader category of psychoactive
substances that also include alcohol and nicotine [21]. As we
arealso interested in substancesthat, if not identified and treated
adequately, would cause mental health problems, inthisreview
we excluded studiesfocused only on the prevention or treatment
of tobacco use.

Adolescents and Youth Population

Owing to the evidence that adolescents and young adults are
particularly affected by alcohol and drug consumption, we
focused thisreview on serious games designed for and evaluated
in this population. Nevertheless, there are no clear guidelines
for determining what ages should beincluded in the designation
of young adulthood. The WHO categorizes young people as
adolescents and young adults from 10 through 24 years of age,
and the United Nations defines youth as 15 to 24 years of age
[22]. We decided to include al the studies considering therange
from 12to 30 yearsin linewith other research that consider this
age range when referring to adolescents and young adults in
studies related to acohol and drug consumption [23-25].

Thus, articles were excluded if they described studies (1) that
did not describe a serious game or were not related to substance
use, (2) whose main objective was not the prevention or
treatment of substance use, (3) that did not include adolescents
and young adults as the target population (age: range 12-30
years), (4) that did not include an evaluation procedure, (5) that
described literature reviews, (6) that were focused only on the
prevention or treatment of tobacco use, (7) whose main aim was
theidentification or screening of individual s at risk of substance
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use, (8) that were not in English, (9) that were repeated, and
(10) that were not research articles.

I nformation Sources

PubMed, Scopus (Elsevier), IEEE Xplore, and ACM Digital
were used to search for published papers. These 4 databases
cover medical and computer science literature, allowing for
comprehensive topic and field searches. The first search
concluded in October 2021, and the final search concluded in
May 2022. Some papers cited in the retrieved articles (hand
searched) were also considered to complete the search.

Search

Depending on each database, the specific syntax of the queries
was different but, in all cases, the same words were used to
represent the constructs of (1) serious games together with (2)
substance use but excluding (3) game and internet addiction.
The query used was integrated with the following words:
(“seriousgames’ OR “gamification” OR “gamified” OR " games
for heath” OR “educational game” OR “videogame*” OR
“game-based” OR “video game*”) AND (“substance use” OR
“substance abuse” OR *“substance addiction” OR *“acohol
addiction” OR “alcohol use” OR “alcohol abuse” OR “drug
use” OR “drug abuse” OR “drug addiction”) AND NOT (“game
addiction” OR “gaming disorder” OR “gambling” OR “gaming
problems’ OR “smartphone addiction” OR “internet addiction”
OR “video gaming”).

Study Selection

A multistage screening process was conducted. First, 2 reviewers
(IMM and |IEEC) performed title and abstract screening. Articles
that both researchers included then entered a second phase,
where full texts were reviewed for the final inclusion decision.
When some paperswerere ated to the same study or application,
the most recent one was selected unless significant differences
were reported in the evaluation protocol (eg, the inclusion of
different outcomes or testing with adifferent target popul ation).
The review of the articles and the data extraction were carried
out separately, and any disagreements were resolved through
discussion until a consensus was reached.

Data Charting and Synthesis of Results

All the studies meeting the inclusion criteria were selected for
the review, and the data extracted were those that allowed for
the answering of the seven questions listed in the Introduction
section: (1) the type of substance use (alcohol or other drugs)
the serious game aimed to prevent or treat, (2) the type of
intervention that the serious game supported (as a stand-alone
application or as part of aprevention or treatment program), (3)
thetheoretical basisused asthe background model of the serious
game, (4) the main computer-based methods or techniques
implemented in the serious game, (5) the type of evaluation and
procedure, (6) the mechanism implemented to maintain the
security or confidentiality of users' data, and (7) the reported
results in terms of the different outcomes relevant to the
prevention or treatment of substance use (eg, gain of knowledge,
skill development, or behavior change).

The authors developed, calibrated, and used a template
containing different sections to extract and summarize the
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af orementioned data. We further describe the main findingsthat
emerged across the studies.

Results

Overview

A total of 629 records were identified from the searching
process. From the 4 digital libraries, 99.5% (626/629) of the
recordswereretrieved, and an additional 0.5% (3/629) of papers
were obtained through hand searching. The records retrieved
from each digital library were asfollows; 21.1% (133/629) from
PubMed, 33.1% (208/629) from Scopus, 26.4% (166/629) from
|EEE Xplore, and 18.9% (119/629) from ACM Digital. In the
first stage, after removing al the duplicated records, atotal of
502 paperswere screened for eligibility. After reading thetitles
and abstracts, 92.8% (466/502) of the records were discarded
based on the exclusion criteria. A total of 36 articles were
full-text reviewed, and 7 (19%) were excluded after the review.
As a result, 29 studies were considered for further analysis.

Martinez-Miranda & Espinosa-Curiel

Figure 1 presents the flow diagram of the different review
phases.

Most of the 29 studieswere conducted in North America (United
States and Canada; n=16, 55%), followed by studies devel oped
in Europe (n=6, 21%), Australia (n=3, 10%), Brazil (n=2, 7%),
and the Philippines (n=2, 7%). Most of the reviewed serious
games (14/29, 48%) were developed to address problems
associated with the consumption of alcohol. The type of
intervention mainly supported was prevention (18/29, 62%),
and the type of evaluation protocol most reported was pilot
study (11/29, 38%) followed by randomized controlled trial
(RCT; 10/29, 34%). In terms of the computational techniques
used, most of the reviewed serious games only reported thetype
of platform where the game could be executed: web-based
(11/29, 38%), mobile-based (7/29, 24%), multi-platform (3/29,
10%), or PC (2/29, 7%). Table 1 presents details of the general
results. The following subsections describe the main findings
to answer the 7 defined questions in detail .

Figure 1. Flow diagram of the review phases indicating the reasons for exclusion.
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Table 1. Overview of the general results related to some of the assessed characteristics of the serious games (N=29).

Characteristic Studies, n (%)
Type of substance addressed
Alcohol 14 (48)
Drugs 8(28)
Alcohol and drugs 7(24)
Type of intervention
Supporting prevention 18 (62)
Supporting treatment 11 (38)
Evaluation protocol
Pilot study 11 (38)
RCT? 10(34)
Quasi-experimental study 5(17)
Comparative study 2(7)
Proof-of-concept study 1(3)
Computational techniques used
Web-based 11(38)
M obile-based 7(24)
Multi-platform 3(10)
Use of virtual reality 3(10)
Use of Kinect 2(7)
PC-based 2(7)
Not specified 1(3)

8RCT: randomized controlled trial.

Type of Substance Addressed

In terms of the substances addressed, of the 29 studies, 13 (45%)
were focused on problems associated with the consumption or
abuse of acohol, 7 (24%) were focused on drugs (such as
methamphetamine, inhalants, cannabis, ecstasy, opioids, lysergic
acid diethylamide, cocaine, and heroin), and 7 (24%) addressed
problems for both alcohol and drug use. It isimportant to note
that 7% (2/29) of the studies considered comorbidity—of these
2 studies, 1 (50%) focused on acohol use disorder and
depression [26,27], and 1 (50%) focused on substance use and
relationship violence [28].

Type of Intervention

Most of the evaluated serious games (18/29, 62%) were
developed to support the prevention of substance use, whereas
therest of the serious games (11/29, 38%) were focused on the
enhancement of the provided treatment or on supporting
individuals during specific stages of their treatment. All the
serious games designed with prevention objectives (18/29, 62%)
implemented their games' mechanics to facilitate the increase
of knowledge on different topics, such as the negative
consequences of nonmedical prescription drug use [29], the
biologica consequences of the abuse of inhalants[30], how the
brain is affected by alcohol and other drugs [31,32], how to
identify and reduce risky health behaviors [33,34] as well as

https://games.jmir.org/2022/3/e39086

carry out protective behavioral techniques [35,36], and the
effects and consegquences of alcohol and drug consumption
[37,38].

Complementarily, the serious games focused on treatment
(11/29, 38%) were designed to complement the therapeutic
process for individuals with addiction problems or at risk and
minimizerelapse[39,40], reduce consumption [41-44], support
recovery efforts [45], and promote a better adherence to the
treatment [26,27]. Regarding the design of use, most of the
serious games developed with prevention objectives (18/29,
62%) were stand-alone applications, and just afew (4/13, 31%)
were designed as part of school-based prevention courses or
curriculawhere teachers or socia workers acted as facilitators
[28,29,32,36,46]. On the contrary, most of the serious games
developed with aobjectives to support treatment (11/29, 38%)
were designed as technological-based tools to be used under
the supervision of treatment providers.

Theoretical Background

The theoretical backgrounds used as the foundation of the
analyzed serious games were varied in those studies that
explicitly mentioned their theoretical basis (22/29, 76%). A
total of 14 studies (14/29, 48%) referred either to a specific
theory or theories, a theoretical construct, or an intervention
technique. Only afew studies (8/29, 28%) referred to atheory
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jointly with the particular theoretical constructs or intervention
techniques used in the serious game [ 33,40-44,47,48]. Many of
the features designed in the serious games for knowledge
increasing and the fostering of health behavior adoption were
based on the theory of reasoned action [29,47] or the social
cognitive theory (SCT) alone [33,37] or in combination with
other theories such as the reinforcement theory of motivation
[48], the multiple intelligences theory [35], or the protection
motivation theory [34]. The serious games with a focus on
treatment used theories, theoretical constructs, or intervention

https://games.jmir.org/2022/3/e39086

Martinez-Miranda & Espinosa-Curiel

techniques for behavior change, such as the I-Change Model
[41], coping skill training [39], cognitive bias modification of
attention [49], cognitive behaviora therapy [27,45], or cue
exposure therapy [40]. A total of 24% (7/29) of the studies, all
with prevention objectives, did not mention what theory,
theoretical construct, or intervention technique wasimplemented
in the serious game. Table 2 presents in detail the theoretical
basis reported in each study split into theory and theoretical
construct or intervention technique.
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Table 2. Summary of the main characteristics of the reviewed serious games (N=29).
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Study and Sub- Typeof intervention  Theoretical basis Computa- Evaluation proto- Mechas  Main reported results
gamename stancead- tional col nismfor
dressed tech- data se-
niques curity
and con-
fidentid-
ity
Theory Theoreti-
cal con-
struct or
interver-
tion
tech-
nique
Chengeta Metham- Prevention—educa-  Notspeci- Not Virtuad re-  Pilot study (pre- Not Improvement of knowledge of
[31]—Drugs phetamine tionontheimpact of fied Speci- aity and posttest mea-  speci- basic neuroscience concepts
and the methamphetamine fied learning  surements) with fied and understanding and attitudes
Brain abuse on the brain environ- 175 visitors (aged toward the impact of metham-
ment 6t0 82 years) to a phetamine abuse.
museum
Klischeta Inhaants Prevention—educa-  Notspeci- Con- Web- Pilot study (pre- Data Significant gainsin science
[30]—Un- (toxic tion onthebiological fied struc- basedseri- and posttest mea-  collect-  content knowledge were ob-
common chemi- consequences and risk tive ousgame surements) involv- ed tained. A shift to more negative
Scents cals) of inhaling toxic learning ing 444 middle anony-  attitudes toward inhalants was
chemicals school students mously  aso observed. The most nega-
(sixth-, seventh-, tive shift was among eighth-
and eighth-graders) grade students. Posttest knowl-
edge gains were the strongest
predictor of attitude change
across al grade levels.
Klischetal  Prescrip- Prevention—educa-  Theoryof Not Web- Pilot study (pre- Data In both groups, the attitudes to-
[29]—Bitter tiondrugs tionontherisk of pre- reasoned  speci- basedseri- and posttest mea=  collect-  ward prescription drug abuse
Pill and Fa- scription drug abuse  action fied ousgame surements) with ed became significantly more
tal Interac- 179 high school anony-  negative. A moderate effect
tions students (11thand mously  sizeintheBitter Pill group and
12th grade) divided alarge effect sizein the Fatal
into 2 groups as- Interactions group were found.
signing each group
to adifferent game
(Bitter Pill and Fa-
tal Interactions)
Sanchezand Alcohol — Treatment—education Notspeci- Coping  Web- Feasibility study  Data The treatment providers rated
Bartel anddrugs and building of coping fied skill besedseri-  (posttest measure-  collect-  the serious game with high lik-
[39]—Arise skills for relapse pre- training ousgame ments) with 8 ed ability and usefulness. Adoles-
vention treatment providers anony-  cents rated the game as easy to
and apilotstudy  mously use, highly acceptable, and very
(posttest measure- useful as a substance abuse re-
ments) with 9 ado- lapse prevention tool.
lescentsin sub-
stance abuse treat-
ment
EliasLam-  Not ex- Prevention—educa-  Notspeci- Situated Multiuss  Exploratory proof  Not Participants reported enjoyment
bert et plicitly tion on the substance  fied experi-  er, mo- of concept (posttest  speci- related to the visual and audito-
[28]—Choic- men- abuse and relationship ential bile- measurements; 6 fied ry aspects of the game and the
es& Conse- tioned; violence challenges, learning basedseri- focus groups) with facts provided to give further
quences thestudy the possible actions, ousgame 44 youth school information about selected ac-
only and the consequences students (aged >14 tions and their consequences.
refersto  associated with those years) In terms of engagement, some
“sub- actions of the participants reported that
stance the scenarioswererealistic and
abuse” could connect and engage with
and rela them. Other feedback indicates
tionship game preference as alearning
violence tool over traditional formats.
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Study and Sub- Typeof intervention  Theoretical basis Computa- Evaluation proto- Mechar  Main reported results
gamename stancead- tiona col nismfor
dressed tech- data se-
niques curity
and con-
fidentid-
ity
Theoreti-
cal con-
struct or
interver-
tion
tech-
nique
Janderetal  Alcohol  Treatment—promotes Socia  Web- Cluster RCT?(pre-  Not The seriousgame was effective
[41]—What behavior change norms,  besedseri-  gaq posttest mea- Speci- in reducing binge drinking in
happened? through developing a per- ousgame g rements)—34 fied adolescents aged 15 and 16
favorable attitude, ex- ceived schools with 2649 yearswhen they participated in
periencing positive pres- adolescents (aged at least two intervention ses-
socid influences, and sure, between 15 and 19 sions. Interaction effects were
developing high self- and years) divided into found between excessive
efficacy toward the self-effi- experimental drinking and educational level
behavior cacy (1622) and control and between weekly consump-
(1027) groups tion and age. Additional analy-
sesrevealed that prolonged use
of theintervention was associat-
ed with stronger effects for
binge drinking. However,
overall adherence to the inter-
vention was low.
Epsteineta Alcohol  Prevention—educa Not Web- RCT (pre- and Not A more significant knowledge
[32]—Bacon anddrugs tion on the science of Speci- basedseri-  posttest measure-  speci- gain among the intervention
Brains addiction and how al- fied ousgame ments) with 244 fied groups was found compared
cohol and other drugs students (sixth to with the control group. Thein-
affect the brain eighth grade) aged tervention was helpful in
11to 15 years teaching students core concepts
about the science of addiction,
and the knowledgethey learned
persisted through posttest as-
sessment. Girls acquired
knowledge gainsin the collabo-
rative and competitive game
conditions, whereas boys
demonstrated similar gainsonly
in the competitive condition.
Students in the experimental
conditions reported enjoying
playing the games more than
students in the control condi-
tion.
Hookhamet Alcohol  Treatment—promo- Cogni-  Web- Comparativestudy Not No significant differenceswere
a (comor-  tion of behavioral and tivebe- basedseri- (posttest measure-  speci- found between the gamified
[262N—Sed-  bidity cognitivechangerelat- havioral ousgame ments, within-sub- fied and nongamified versions of
ow withde-  edtomood and mis- therapy wherethe ject) between a the web-based treatment in
pression) use of acohol andmo- storyline  gamified and terms of usability, ease of use,
tivation- isbased  nongamified ver- perceived usefulness, or engage-
al inter- on sion of aweb- ment.
viewing branching based alcohol

of prede- abuse and depres-

fined dia= siontreatment with

logues 10 university stu-
dents (aged 18-30
years)
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Hughesetal Alcohol  Prevention—presents Socia Not Virtua re-  Quasi-experimen-  Not No significant differenceswere
[36]—Col-  anddrugs typica situationsto  cognitive  speci- aity sce- tal study (pre- and  speci- found between theintervention
legeLiVE practice social skills, theory fied nario posttest measure-  fied and control groups when ques-
protective behaviors, and inter- basedon  ments) with 68 tioned about specific protective
and self-reflection active acompu- university students behaviors. Nevertheless, the
perfor- tational (45intheinterven- participantsin the intervention
mance frame- tion group and 23 group were significantly more
theory work that  in the control likely to implement protective
facilitates group) aged =18 behaviors such astrying to stop
thecre-  years somebody they knew from de-
ation and ciding to drive after drinking
remote and using a designated driver
control of than the participants in the
avatars control group.
for inter-
action
purposes
Gamberiniet  Alcohol  Prevention—educa-  Notspeci- Not Multiplay- Two pilot studies  Data The results from the first pilot
a [50]—no  anddrugs tiononandawareness fied Speci- er web- (pre- and posttest  collect-  study indicate that the user ex-
nameprovid- of therisksrelated to fied basedseri-  measurements), ed perience was high. In the sec-
ed the consumption of ousgame onetoassessrisk anony-  ond pilot study, significant dif-
psychoactive sub- awarenessanduser mously  ferenceswerefound in risk as-
stancesfor partygoers experience with sessment and knowledge of
227 participants substance consumption risks
(mean age 24.7, and coping skills between pre-
SD 6.78 years) and and postgame sessions.
the other to assess
knowledge in-
crease with 81 par-
ticipants (mean age
23.4,SD 2.02
years)
Boendermek- Alcohol — Treatment—cognitive Notspeci- CBM-  Notspeci- RCT (pre- and Not Therewasan overall declinein
eretal retraining of selective fied AP fied posttest measure-  Speci- alcohol attentional bias, but this
[49]—Shots attention toward alco- ments) with 96 fied effect was primarily driven by
hol heavy-drinking the regular training condition.
university students Motivation to train decreased
(aged 18-28 years). equally in all conditions, indi-
A total of 33 partic- cating that the motivational ele-
ipants were as- mentsin the gamified version
signed to the gami- could not sufficiently counter-
fied version of act the tiresome nature of the
CBM-A, 30 were training. Moreover, motivation
assigned to aregu- to change with respect to plan-
lar version of ning to drink lessin the future
CBM-A, and 33 increased in the regular and
were assigned to a placebo training but decreased
placebo version. in the gamified training condi-

tion, which may indicate poten-
tial detrimental effects of disap-
pointing gamification.
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Boyleetal  Alcohol  Trestment—modifica= Notspeci- Person-  Web- RCT (pre- and Not Participantsin the seriousgame
[51]—Cam- tion of behavior by fied dized basedseri-  posttest measure-  speci- condition reported significantly
pusGANDR correcting normative norma- ousgame mentsand follow- fied reduced peer drinking norms
perceptionsand induc- tive with up) with 237 under- and alcohol consumption at the
ing reductionsin alco- feed- Facebook graduate students 2-week follow-up compared
hol use back log-incre-  aged between 18 with participants who received
dentiadls  and 24 years. A to- the standard intervention. A
tosimu-  tal of 113 students mediation model demonstrated
lateaso- wereassigned to that this effect was driven by
cial game the use of the seri- larger reductionsin perceived
(but no ous game, and 124 drinking norms among partici-
real so- were assigned to pants assigned to the serious
cia con-  thestandard inter- game.
nection)  vention (control
group).
Damasceno  Drugs Prevention—educa-  Social Not PC-based Pilot study Not On the basis of the collection
eta tion on the damage of cognitive  speci- serious (posttest measure-  speci- and analysis of in-game behav-
[37]—no drug abuse and sub-  theory fied game ments) with 69 fied iors (statistics such asthe time
nameprovid- mission of the player school students spent, correct and wrong an-
ed to moral decisions (mean age 13.7 swers, and response time), the
years) authors present a general pic-
ture of the differencesin game
performance among groups of
users. The authors conclude
that serious games could be a
powerful tool for drug abuse
prevention as an instructional
mechanism and for the identifi-
cation of risk behaviors.
Stapinski et Drugs(fo- Prevention—educa-  Notspeci- Not Web- Feasibility study  Data Results from the feasibility
a cusedon tionontheeffectsas- fied Speci- based seri-  (posttest measure-  collect-  study indicate that students en-
[52]—Pure  cannabis, sociated with each fied ousgame ments)with25stu- ed joyed playing Pure Rush and
Rush ecstasy,  drugand pairing drug- with a dentsaged between anony-  found the game age-appropriate
metham-  related cues with neg- mobile 14 and 17 years mously  and the game’s infographics
phetamine,  ative stimuli version and an RCT (pre- understandable and appealing.
and hallu- for An- and posttest mea- Results from the RCT indicate
cinogens) droidde- surements)in9 significant knowledge increase
vices schools with 281 from beforeto after theinterven-
students aged be- tion in both groups (no signifi-
tween 13 and 16 cant difference between

years. A total of
148 students were

groups). Knowledge gain was
greater in the game condition

assigned to game than in the control group but
sessions, and 133 only in female students. Very
were assigned to low intentions to useillicit

the control group.

drugs were observed in both
groups. No significant differ-
ences were found in lesson en-
gagement and in future inten-
tions to use drugs between the
intervention and control groups.
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Earleet a Alcohol  Treatment—modifica= Sdf-dete- Person- Mobile-  RCT (pre- and Not Participants who were assigned
[42]—Cam- tion of behavior by mination alized basedseri-  posttest measure-  speci- to the game with the supple-
pusGAN- correcting normative  theory norma ousgame mentsand follow- fied mented feedback reduced their
DRV2 perceptionsand induc- tive up) with 276 first- drinking significantly during
ing reductionsin alco- feed- year university stu- the 2 months after theinterven-
hol use back dents. A total of 93 tion in comparison with control
students were as- participants. Reduction in
signed to the game drinking behavior was stronger
session receiving among heavy drinkers.
standard feedback,
90 were assigned
to the game plus
supplemented
feedback on their
perceptions and
behaviors, and 93
were assigned to a
control group.
Duncaneta Drugs Prevention—educa-  Notspeci- Not Mobile-  Pilot study (pre- Not Improvements in knowledge
[53]—Smoke tion and presentation  fied Speci- basedseri- and posttest mea=  speci-  were found for both cigarette
SCREEN of social situationsto fied ousgame surements) with25 fied and marijuanabetween baseline
develop behavioral adolescents aged and after playing. No signifi-
skills associated with between 11 and 14 cant changes in perceived so-
primary prevention of years cia norms toward both sub-
cigarette and marijua- stances were reported. The
nause players provided positive feed-
back about their experience
with the serious game.
Metcalf etal  Alcohol  Treatment—practice Notspeci- Cueex- PC-based Quasi-experimen- Data The results reported that sub-
[45]—Take and of refusal skillsand  fied posure  serious tal wait-list study  collect-  stance use decreased or re-
Control cigarette  increasein self-effica therapy, game (pre- and posttest  ed mained for most users, athough
cy by denying trigger extinc-  with measurements) anony-  more for alcohol consumers
or cueitemsinanon- tion Kinect with 61 partici- mously  than for tobacco users. Partici-
threatening environ- therapy, pants aged >18 pantsin recovery for acohol
ment virtual years. A total of 29 use reported more benefit than
reality participants were those in recovery for tobacco
therapy, assigned to thein- use, with a statistically signifi-
and cog- tervention group, cant increase in self-efficacy,
nitive and 32 were as- attitude, and intended behavior.
behav- signed to the wait- Participants found the game
ioral list control group. engaging and fun and felt that
therapy playing it would support recov-

ery efforts.
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Kapitany- Alcohol  Prevention—educa-  Notspeci- Sdf-effi- Mobile-  Quasi-experimen- Data Usersin theintervention group
Fovény eta anddrugs tionontheepidemiol- fied cacy basedapp tal study (pre- and collect- showed agreater decreasein
[46]—Once ogy and risks of sub- contain-  posttest measure-  ed energy drink consumption. No
UponaHigh stance use, promotion ing2seri- ments) with 386 anony-  relevant differences between
of health-conscious ous studentsaged be- mously  the 2 groups were found in
behavior, and de- games tween 14 and 18 knowledge gaining on psychoac-
crease in stigmaand yearsfrom 4 differ- tive substances and physical
negative attitudes and ent schoals. A total exercise frequency. A correla
increase in willing- of 255 students tion between the app’s per-
ness to help peers were assigned to ceived usefulness and adecreas-
with substance use the intervention ing frequency of past-month
problems group (app use), alcohol use was found. Results
and 131 were as- also indicate that a decreasein
signed to the con- negative attitudes toward sub-
trol (nonapp use) stance users might be arisk
group. factor for increasing past-month
alcohol consumption.
Gamberiniet  Alcohol  Prevention—educa-  Notspeci- Not Multiplay- Quasi-experimen- Data The evaluations of the game
a [54]—no  anddrugs tiononthe potential  fied Speci- erweb-  tal comparative collect-  credibility and effectiveness
nameprovid- risks of psychoactive fied basedseri-  study (posttest ed were positive. No significant
ed substance abuse dur- ousgame measurements) anony-  difference was found between
ing nightlife events with 136 young mously  game and leaflets except for

adults (mean age
23.5years). A total
of 67 participants
used the game, and
69 read |esflets
with information
on the potential
risks of psychoac-
tive substance
abuse.

informativeness, on which
leaflets performed better than
the game.
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Abromseta Drugs Treatment—helping  Social Repeti- PC-based RCT (pre- and Not Participants in the intervention
[48]—Recov- the patientsinthede- cognitive tion serious posttest measure-  Speci- group mostly agreed that they
ery Warrior velopment of negative theory priming game ments and follow-  fied would use the refusal skills
20 associations with and rein- with up) with 80 partici- taught by the game and report-
drugs and acquisition  forcement Kinect pants aged between ed attending more outpatient
of drug refusal skills  theory of forbody 15and 25 years counseling sessions than those
motiva- motion under adrug treat- in the control group, but the
tion and voice ment program. A difference was not significant.
recogni-  total of 36 partici- Cravings declined for both
tion pants were as- groups from baseline to the 4-
signed to the use of and 8-week follow-up, but the
the game+treat- differences between groups
ment as usual, and were not statistically signifi-
44 were assigned cant. Self-efficacy fluctuated
to the control slightly but did not change
group (treatment as widely between theintervention
usua only). and control groups. The game
had no effect on drug use at 4
or 8 weeks after discharge, with
the exception of abenefit report-
ed at the 4-week follow-up
among participants receiving
treatment for marijuana addic-
tion.
Carvalhoet Alcohol  Prevention—educa-  Notspeci- Not Mobile-  Pilot study (pre- Data The results were analyzed by
a [38]—JiB tion on the conse- fied Speci- basedseri- and posttest mea-  collect-  dividing the participantsinto
guences of acohol fied ousgame surements) with23 ed habitual and nonhabitual play-
abuse promoting em- participantsaged  anony-  ers. The game presented more
powerment of theindi- between 20and 29 mously  positive than negative effects
vidual, traditional cul- years on all users. For habitual play-

tures, and socia re-
sponsibility

ers, the game did not have a
high level of challenge owing
to the low difficulty and small
learning curve. A higher game
tension was found in nonhabit-
ual players versus habitual

players.
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Willmott et Alcohol  Prevention—educa-  Theoryof Subjec- Web- Pilot study (pre- Not A positive relationship between
a [47]—Per- tiononthephysiologi- reasoned tive basedseri- and posttest mea-  speci- average game duration and atti-
fect Pour cal effectsof varying action norms  ousgame surements) with fied tude was found, indicating that
and Dumb levels of blood alco- and atti- 303 students aged the longer the participants
Driver hol concentration on tudes between 12 and 17 played Perfect Pour, the more
driving ability (Dumb years positive their attitudes became
Driver) and on the toward binge drinking. On the
standard alcohol con- contrary, a negative relation-
tent of 6 types of alco- ship between average score and
holic drinksthrough a attitudes indicates that the
multilevel test of higher the players scored in
pouring accuracy Perfect Pour, the more negative
(Perfect Pour) their attitudes became toward
binge drinking. No significant
associations were observed
among gameplay metrics, atti-
tudes, and subjective normsfor
Dumb Driver.
Tanetd Alcohol  Prevention—educa=  Socia Not Mobile-  Pilot test (pre- and  Not Significant differences between
[55]—Drug tion on the conse- cognitive  speci- basedseri-  posttest measure-  men- pre- and posttest measurements
Defense quences of excessive theory fied ousgame ments) with 69 tioned  werefound, indicating anin-
alcohol use and multi- university students creasein knowledge of acohal.
pleintelli- (aged 18 to 21 Playability was good according
gences years) to the values obtained in the
theory eva uation of gameplay, story,
and mechanics of the game.
Mostajeran  Alcohol  Treatment—minimize Sdf-deter- Cueex- PC-based Comparativestudy Not All the gamified versions re-
eta the occurrence of re-  mination posure  serious (posttest measure-  men- ceived high usability scores.
[40]—no lapse by practicingto theory therapy game ments, within-sub- tioned  The gamified version of the
nameprovid- avoid alcohol ina and ap- withvirtu- ject) with 13 partic- approach-avoidance training
ed simulated supermarket proach- al redity ipants(aged 22 to was more cognitively demand-
avoid- usinga  35years). All the ing than the nongamified ver-
ance head- participants were sion. The gamified version of
training mounted assignedto agami- the approach-avoidance train-
display fied version of the ing was more motivating than
approach-avoid- the nongamified version. Partic-
ance training and ipants made fewer errorsin the
cue exposurethera- gamified version of the ap-

py and a nongami-
fied version of the
approach-avoid-
ance training.

proach-avoidancetraining than
inthe nongamified version. The
users preferred the mini-game
of the approach-avoidance
training than the mini-game of
the cue exposure therapy.
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Yap et a Alcohol  Prevention—educa=  Socia Not Mobile-  RCT (pre- and Encod-  Participantswho used the game
[35]—Drug tion on the conse- cognitive  speci- basedseri-  posttest measure-  ing of showed a significant increase
Defense quences of excessive theory fied ousgame ments) with 140 dataand in knowledge scores and a de-
alcohol use and multi- university students pass- crease in intent to use but not
pleintelli- (aged 18 to 21 word inactual use. Participantsin the
gences years). A total of  protec-  video intervention reported a
theory 69 wereassigned  tion significant increase in knowl-
to the use of the edge and a decreasein both in-
mobile-based tent and use. Findings also
game, and 71 were showed asignificant difference
assigned to avideo in acohol knowledge for both
intervention (con- game and video settings, with
trol group). the game having alarger effect
size than the video.
Ozer et al Alcohol  Prevention—educa-  Social Sdf-effi- PC-based  Pilot study Not Trace-log data and self-report
[33]—IN- tiononpersonal effica- cognitive cacy serious (posttest measure-  speci- guestionnaires indicate that
SPIRE cy and skillsby pro-  theory and game ments) with 20 fied participants found the game to
viding opportunities self-reg-  withinter- adolescents (aged be engaging, believable, and
to practice strategies ulation  active 14 to 19 years) relevant to their lives. Within
for reducing risky narrative the game, participants also suc-
health behaviors experi- cessfully used arange of
ences strategies for avoiding alcohol
use. The participants accessed
fewer in-game objects than an-
ticipated and spent lesstime
examining the associated info-
graphics designed to affect
knowledge of the effects of al-
cohol use.
Hong et a Alcohol  Prevention—educa  Social Not Web- Quasi-experimen-  Not Results show improvements
[34]—One tiononand practiceof  cognitive  speci- based seri-  tal study (1-group,  speci- from before to after the game
Shot drinking refusal self-  theory fied ousgame pre-and posttest  fied inintentionto drink lessand in
efficacy and pro- measurements) 5 of the 7 indicators of drinking
tection with 550 young refusd self-efficacy. Risky aco-
motiva- adults (aged 21 to hol decisions within the game
tion theo- 25 years) at risk of and gametime predicted enjoy-
ry binge drinking ment, which, in turn, predicted

intention to drink less and
drinking refusal self-efficacy.
Enjoyment significantly mediat-
ed the effects of gametimeand
risky alcohol decisonsoninten-
tion to drink less and drinking
refusal self-efficacy.
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Boyleetal  Alcohol  Trestment—modificaz Sdf-deter- Person- Webap- RCT (pretest mea- Not Reported resultsindicate asig-
[43]—GAN- tion of behavior by mination alized plication  surementsand fol-  speci- nificantly greater reductionin
DR correcting normative  theory norma-  (multi- low-up 1 month fied drinking at follow-up in the
perceptionsand induc- tive platform) later) with 223 gamified social mediacondition
ing reductionsinalco- feed- serious  first-year universi- than in the traditional
hol use back game ty alcohol-experi- (nongamified) condition. It was
enced students unclear whether the gamified-
(mean age 18.05 only condition would lead to
years). A total of greater reductionsin drinking
74 students were than the traditional condition.
assigned to the The gamified-only condition
gamified-only inter- did not lead to a significantly
vention, 74 were greater reductionin drinking at
assigned to the follow-up compared with the
gamified socia nongamified condition. Rela-
mediaintervention, tive to the nongamified condi-
and 75 were as- tion, the gamified social media
signed to the condition led to significantly
nongamified inter- greater reductionsin drinking
vention (control for those who were lighter
group). drinkers with less exposure to
alcohol-related content on so-
cial media.
Boyleetal  Alcohol  Treatment—reduction Sdf-deter- Person- Webap- RCT (pretest mea= Not Obtained results indicate that
[44]—Lez- of risksrelatedtoalco- mination  alized plication  surementsand fol-  speci- participants who received the
Parlay hol consumption theory norma-  (multi- low-upat2and4 fied intervention on alcohol useand
tive platform) months) with 499 both alcohol use and stigma
feed- serious LBQ® women aged coping had similar reductions
back game 21 to >40 years in their weekly drinks, peak

with moderate and
heavy a cohol con-
sumption. A total
of 143 women
were assigned to
the gamified inter-
vention on a cohol
use and stigma
coping, 179 were
assigned to the
gamified interven-
tion on alcohol use
only, and 177 were
assigned to the
control group.

drinks, and negative conse-
guences relative to those in the
control group at the 2-month
follow-up. However, at the 4-
month follow-up, reductionsin
alcohol consumption outcomes
faded among those who re-
ceived the alcohol-only inter-
vention, whereasthey remained
relatively robust among those
who received both the acohol
use and coping intervention.
Regarding feasibility, the partic-
ipants reported the competition
to be highly acceptable and
psychologically beneficial asa
whole.

3RCT: randomized controlled trial.
bCBM-A: cognitive bias modification of attention.
°LBQ: lesbian, bisexual, and queer.
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Computer-Based Techniques Used

In most analyzed studies (24/29, 83%), little technical detail
was provided about the computer-based methods or techniques
used to develop the serious games. Most of the studies only
mentioned the platform where the serious game could be
executed: web-based (11/29, 38%), mobile app (7/29, 24%),
multi-platform (3/29, 10%), or PC-based (2/29, 7%). The studies
that provided moretechnical detail mentioned the use of virtual
reality for the creation of immersive environments[31,40], the
use of a Kinect device for a motion-based interaction [45,48],
theimplementation of branching predefined dialoguesto create
interactive narrative experiences|[26,27,33], theintegration with
Facebook to simulate a social serious game [51], and the use
of acomputational framework [56] that facilitated the creation
and remote control (as in Wizard-of-Oz scenarios) of avatars
for interaction purposes [36].

Data Security and Confidentiality

Most of the reviewed studies (19/29, 66%) did not explicitly
mention whether a specific mechanism wasimplemented in the
serious game to assure the data protection and confidentiality
of the users. Although all the studies (29/29, 100%) reported
that an institutional ethical committee had approved the protocol
implemented to evaluate the serious game, only some (9/29,
31%) mentioned the type of data collected from the participants
and how confidentiality was guaranteed. The most frequent type
of data collected in these studies was sociodemographic
information (eg, sex, age, and ethnicity) without collecting
identifiable information, maintaining the anonymity of the
participants [29,30,38,39,45,46,50,52,54]. Only 3% (1/29) of
the studies mentioned encoding of the data and password
protection [35].

Evaluation Procedures and Reported Results

The analyzed studies reported the evaluation of the serious
gamesthrough RCTs (10/29, 34%), quasi-experimental studies
(5/29, 17%), pilot studies (11/29, 38%), comparative studies
(2/29, 7%), and a proof-of-concept study (1/29, 3%). The
reported results from the RCTs were in general positive,
describing significant differences between the intervention and
control groups in terms of decreasing binge drinking [41],
reducing peer drinking norms and alcohol use [42-44,51],
gaining knowledge on how alcohol and drugs affect the brain
[32], increasing substance-rel ated knowl edge (but not decreasing
psychoactive substance use) [46], being more accepting toward
using refusal skills of drug use (but no effect was found on drug
use) [48], or increasing knowledge of the effects of alcohol use
and protective behavioral techniques and decreasing intention
of alcohol use (but not actual use) [35].

Nevertheless, some of these RCT studiesreported mixed results
in the use of serious games: the longer the average game
duration, the more positive the attitude toward binge drinking
that wasfound. However, the same study reported that the higher
the players scored in the game, the more negative their attitudes
became toward binge drinking [47]. Similarly, no significant
differenceswerefound in learning outcomes on drug education
(except for women, where knowledge gaining was greater in
the intervention than in the control group), |esson engagement,
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or future intentions to use drugs between the intervention and
control groups [52]. Moreover, the results reported in the study
by Boendermaker et a [49] indicate that a gamified version of
a cognitive bias modification of attention program reduced the
motivation to train, and self-reported drinking behavior was not
affected.

In addition, the results reported from quasi-experimental studies
reflected positive outcomes after the use of serious games. The
participants reported in the study by Klisch et a [29]
demonstrated an increase in nhegative attitudes toward
prescription drug abuse after the use of serious games, and the
games' ratings for satisfaction and engagement were above
average. Alcohol use decreased in individuals under substance
use treatment during an intervention using a serious game, and
there was a significant increase in self-efficacy, attitude, and
behavior to prevent relapse. Neverthel ess, these positive results
decreased over time after thelast playing session [45]. The study
by Hong et a [34] reported that participants improved from
before to after the game in intention to drink less alcohol and
in drinking refusal self-efficacy, where the enjoyment of the
game was a key feature. The results reported in the study by
Hugheset al [36] indicate that participantsfrom the intervention
group were more likely to adopt protective behaviors such as
trying to stop somebody from driving after drinking and using
a designated driver than participants in the control condition.
One of these studies also demonstrated that participants in a
game session to provide information about potential risks of
substance abuse during nightlife events evaluated the serious
game to be as positive and credible as more traditional
information tools such as leaflets [54].

Therest of the papers (11/29, 38%) reported pilot studieswhere
the developed serious games were assessed with a group of
participants in terms of usability and acceptability, including
outcomes such as perceived utility, engagement, enjoyment, or
game experience [33,38,39]; the performance of the playersto
assess the suitability of serious games asalearning tool for the
prevention of drug consumption [37]; and the effectivity in
terms of change in knowledge and attitudes toward substance
use[30,31,50,53]. Finally, the 7% (2/29) of comparative studies
assessed the differences between a gamified and anongamified
version of existent treatment programs. One of these studies
did not find relevant differences in usability, ease of use, and
perceived usefulness between the 2 treatment versions [26,27].
The other comparative study reported differencesin motivation,
cognitive demand, and the number of errors made between the
2 versions. The gamified version was more motivating and
cognitively demanding, and the participants made fewer
mistakes [40]. Table 2 summarizesthe main extracted datafrom
each analyzed study.

Discussion

Principal Findings

Given the increasing interest in developing serious games as
digital interventionsto support the prevention and treatment of
alcohol and drug consumption, it is relevant for future works
in the area to identify key features that designers of serious
games should consider. This scoping review contributes by
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identifying and summarizing the description of 7 main
characteristics that reflect how these games are currently
designed and what are the intervention results reported. The
increase in studies focused on developing and evaluating this
type of serious gameisevident in this review. Previous similar
reviews (although considering only serious gameswith learning
purposes) published in 2014 [18] and 2016 [19] found 12 and
8 serious games, respectively.

By contrast, our review found 29 serious games considering
only the previous 12 years (2010-2022), with most (24/29, 83%)
published in the last 6 years, from 2016 onward. The main
substance addressed in the serious gamesincluded in thisreview
was acohol by itself or with other drugs. This result is not
surprising asacohoal, alicit substance, is still the most consumed
by the young population worldwide, and it causes more direct
and indirect deathsthaniillicit drugs[57]. Asalcohol and drugs
share many risk behaviors and health consequences, serious
game scenarios and narratives can be applied to both types of
substances. Nevertheless, it is necessary to carry out more
specific studies to assess if any positive effects from serious
games could be applied equally to alcohol and illicit drugs
without changing much of the game’'s mechanics.

Two-thirds of the 29 analyzed serious games (18/29, 62%)
focused on supporting preventive interventions, whereas the
rest (11/29, 38%) were developed to complement the treatment
process. This disparity could be because preventive serious
games are mainly developed to support educative aspects
associated with, for example, risk behaviors, protective skills,
and the negative consequences of alcohol and drug abuse. As
learning material, these serious games do not necessarily require
the direct or close supervision of a specialist and have the
potential to reach a high number of theintended population (as
part of formal curriculaor not). By contrast, the serious games
focused on treatment must be carefully designed considering
the characteristics of potential users with high consumption
levels or addiction problems. Moreover, to maximize the
effectiveness and security of using these serious games, the
treatment provider must necessarily be involved in the stages
of the treatment addressed by the game. In this sense, serious
games are not as different from other digital-based tools where
their benefits to the treatment process are higher if used under
specialist guidance or supervision [58,59].

Using abackground theory in any intervention, including serious
game-based interventions, is essential to understand not only
what interventions work but why they work [60]. In this sense,
it is noticeable that most of the reviewed studies (22/29, 76%)
mentioned the theoretical basis (theory, theoretical constructs,
or intervention techniques or all three) used in the serious games.
Thetheoretical background of the reviewed serious games also
depended on their prevention or treatment support objectives.
For the games used with prevention objectives, different theories
were used to design the games mechanics and contents,
highlighting the SCT. The main posits of the SCT (formerly
known as social learning theory) consider that the acquisition
and maintenance of specific (healthy or not healthy) behaviors
depend on reciproca interaction between the individual and
their social context mediated by positive and negative
reinforcements [61]. Thus, this theory offers promising
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opportunitiesto represent thisinteraction through different game
scenes where the player can observe (and learn) the
consequences of their own or others’ actions (vicariouslearning)
in realistic scenarios associated with substance use.

It is noteworthy that 39% (7/18) of the analyzed serious games
with prevention objectives (through education) did not explicitly
mention any theoretical background. Thislack of specification
would make it difficult to further analyze what specific game
mechanics (and the theoretical tenets on which they are based)
positively affect the learning process to prevent substance use.
By contrast, the serious games developed to support the
treatment process (11/29, 38%) were based on different
i ntervention techniques, with none standing out from the others.
Depending on the desired outcomes, different theoretical
constructs and intervention techniques were used, including
cognitive behavioral therapy and motivational interviewing to
promote change of behaviors related to substance abuse or
cognitive bias modification for cognitive retraining of selective
attention toward substances, to name afew. Some others (5/29,
17%) took advantage of the user interface’'s characteristics to
implement, for example, cue exposure therapy and
approach-avoidancetraining in virtual reality scenariosaccessed
through Kinect or head-mounted displays.

Regarding the computational techniques and approaches used,
most of theincluded serious games (23/29, 79%) only specified
the platform where the game could be deployed: web, mobile,
or stand-alone environments. Some of them also specified the
implementation of multiplayer or social network characteristics
and virtual reality scenarios. Nevertheless, none of the reviewed
serious games implemented more advanced techniques and
interfaces such as brain-computer interaction and eye and head
tracking combined with machine learning algorithms to, for
example, automatically detect individual characteristics (eg,
mood, emotions, and attention) of the players and personalize
or adapt the game contents and mechanics. These techniques
are currently used in serious games with evident advantagesin
other contexts, particularly for learning purposes[62-64]. Thus,
a future direction would be to develop and evaluate serious
gamesimplementing these computational approaches and assess
whether their use improves the desired outcomes in preventing
and treating substance use.

The use of serious gamesfor health rai ses particular challenges
as their objective is not only to entertain but also to influence
users’ attitudes and behaviors that would affect their everyday
life [65]. One of these challenges is to decide what data are
collected through the serious game, how this information is
used, and how to guarantee user data security and
confidentiality. It is noticeable that only 34% (10/29) of the
included studies mentioned issuesrelated to privacy. Thisresult,
of course, does not mean that the rest of the reviewed serious
games did not implement a data security and confidential
mechanism as all the reviewed works (29/29, 100%) reported
the approval of their use in studies involving humans by an
ethical board. A protocol for ethical approval in digital
interventions usually must define what dataare collected, where
they are stored, who will use them, and how privacy and
confidentiality are guaranteed [66]. Nevertheless, it seems
necessary that this information be included when reporting the
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design, implementation, and evaluation of serious games for
health to identify how the challenge of data security and privacy
is addressed instead of only mentioning that the data are
collected anonymoudly.

Another of the relevant current and future challenges in
developing these types of serious games is to evaluate their
actual efficacy on the addressed population. The assessment of
evaluation results is particularly relevant for the effective
adoption and appropriation of serious games (as digital
technology for health), where evidence of the contributions of
digital healthinterventionsto the performance of health systems
and their impact on people’s health and well-being is one of the
key activities of the WHO global strategy on digital health[67].
Many of the reviewed papers (11/29, 38%) reported feasibility
and pilot studiesfocused on, for exampl e, usability, engagement,
game experience, or perceived utility of the serious games.
Therewere afew quasi-experimental studies (5/29, 17%) where
the main factors assessed were changesin intentions or attitudes
toward substance consumption and knowledge gaining. Overall,
thereported results from these quasi-experimental studieswere
positive considering the observed differencesin the participants
at pre- and posttest measurements. Still, al these studieswarrant
afollow-up assessment to know whether these observed effects
are maintained in the long run.

Similarly, the reported RCTs also highlighted some positive
effects when comparing the intervention and control groupsin
terms of reducing substance use, increasing knowledge, or being
more accepting of refusal skills. Nevertheless, other RCTs (3/10,
30%) did not find significant differences, and 10% (1/10) even
warned about gamification’s detrimental effects [49]. A
follow-up assessment wasincluded in 50% (5/10) of the reported
RCTs, assessing the long-term effect after 2 months of the
intervention in 60% (3/5) of them. One of these studiesreported
that cravings declined from baseline to the 4- and 8-week
follow-up, athough differences between the intervention and
control groupswere not significant [48]. Another study reported
that, after 4 months, reductions in alcohol consumption faded
in the group of participants that received the alcohol-only
intervention and remained relatively robust in the group that
received the alcohol and coping stigmaintervention [44]. Thus,
more RCT studies are necessary focusing on identifying relevant
outcomes such as changes in attitudes, motivation, and
behaviors. Moreover, including follow-up assessmentsfor more
prolonged periods and the reproducibility of these studieswould
help understand better the effect of serious game-based
interventions for both prevention and treatment of substance
use.
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Limitations

This study has some limitations related to the selection
procedure. One of these limitationsisthat only studiesreporting
an evauation procedure were included. Thus, some serious
games that implemented more sophisticated computational
techniques, such as machinelearning, other artificial intelligence
methods, or other interactive devices that had not yet been
evaluated, were not considered. Moreover, the only sources
used to identify serious games were academic repositories. No
other sources such as app stores were considered to assess
whether some of these available apps included gamification
techniques aimed at preventing or supporting substance use
treatment. Neverthel ess, the contribution of this study isrelevant
as it highlights the current state of the art in the research and
development of thistype of serious games, identifying relevant
characteristics such asthe substance addressed, their theoretical
roots, the computational techniques used, the mechanism for
data security and confidentiality, and the results obtained from
an evaluation protocol.

Conclusions

The development and evaluation of serious games to support
prevention and treatment interventions for substance use have
increased in the last decade. The review presented in this paper
describes a set of main characteristics of 29 serious games
evaluated with adolescents and young adults aiming to prevent
and reduce the consumption of alcohol and drugs. Most of the
analyzed serious games were designed to prevent or reduce
alcohol consumption. Those developed with prevention
objectives were also the maority compared with those
developed to support treatment. The reported evaluation
protocols included mostly pilot studies, quasi-experimental
studies, and RCTs.

Overall, most of the reviewed serious games reported positive
results regarding acceptability, usability, increased knowledge,
and change in attitudes and behaviors toward a cohol and drug
consumption. An area of future research isthe incorporation of
other human-computer interaction and artificial intelligence
techniques to identify relevant user data, allowing for the
personalization of the offered interventions. In addition, more
studies—that facilitate reproducibility—are necessary to better
identify the long-term effects of these serious games (and
whether boosted playing sessions are hecessary after sometime)
and what specific game mechanics are more useful for
preventive or treatment interventions.
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