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Abstract

Introduction

Considering the dangers of adolescent tobacco use, the successful design of behavioral
programs is crucial for tobacco prevention. According to preliminary research, social game
interventions can improve adolescent tobacco outcomes. The current qualitative study aims
to (1) uncover the gaming elements that adolescents deem important for a positive learning
experience, and (2) confirm these gaming elements with adolescents who are presented
with a tobacco prevention game concept that applies these elements.

Methods

Findings from this study are drawn from two phases. Phase 1 involved in-person focus
group discussions (n = 15) and Phase 2 included three online focus groups and a paired
interview with another set of adolescents (n = 15). The study was conducted under a project
that aimed to design and test a social game-based tobacco prevention program for adoles-
cents (Storm-Heroes). With open coding and thematic analysis, two research team mem-
bers identified repeated topics and relevant quotes to organize them into themes. The
themes evolved as new content was identified during the process. This process was
repeated until thematic saturation was reached.

Results

Thematic analysis across Phase 1 and Phase 2 revealed four major themes: 1) Balance dur-
ing gaming challenges, 2) Healthy social interaction, 3) Performance and creative freedom,
and 4) Fictional world and game mechanics for tobacco prevention.
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Conclusion

This study identified specific intervention features that best fit the needs of adolescents in
the context of a social game for tobacco prevention. For future research, we will use a partic-
ipatory approach to allow adolescents to take part in the design process, improve Storm-
Heroes, and develop health promotional messages that can be incorporated into the pro-
gram. Ultimately, a board game for tobacco prevention is expected to bring adolescents
together to create lasting memories that nudge them away from tobacco use and the harm it
can cause.

Introduction
Background

More than five million high school students and more than 1 million middle school students
in the United States reported using a tobacco product at least once, according to a 2021
national survey [1]. Among adolescents, tobacco use in its many forms has been linked to nic-
otine dependence [2], psychiatric disorders [3], and early signs of pulmonary disease [4]. The
successful design of tobacco prevention programs is crucial in the fight against tobacco use at a
young age.

According to previous reviews of tobacco preventive interventions, the application of social
influence and social competence components has been shown to be most effective in promot-
ing both the prevention and treatment of adolescent tobacco use [5, 6]. Behavioral interven-
tions that incorporate social influence and social competency into the curriculum have
demonstrated a considerable impact at both short- and long-term follow-ups [6].

Playing social games can be a successful tactic for fostering positive social influence and
social skills. There is evidence that playing board games with others can encourage discussions
about health [7-11]. Teens who participate in structured activities are more likely to develop
peer group support, as they regularly interact and share goals and experiences through activi-
ties [12, 13]. This occurs when activities allow adolescents to interact regularly and share expe-
riences and goals [12, 13]. In particular, multiplayer games can help to create a sense of peer
group identity [14-16] as well as the shared values and norms that are associated with the
activity [17-19].

According to preliminary research, social game interventions can improve both adolescent
and adult tobacco outcomes. In one study by Khazaal and colleagues, adult participants who
received a social board game exhibited lower rates of smoking frequency at a 3-month follow-
up [20]. There is, however, a paucity of studies on the effectiveness of board games in prevent-
ing teen tobacco use. A recent study revealed that the board game "Smoke Stacks" can alter
adolescents’ attitudes toward tobacco use [21]. A single-arm pilot study of the board game
"GiochiAMO" found that youths improved their knowledge about the dangers of tobacco use
following gameplay [22]. Unlike conventional instructional techniques, board games are
inventive, inexpensive, and more socially interactive. The uptake of board games is facilitated
by their simple self-administration and low-cost implementation.

Theoretical framework

According to the social learning theory [23], learning occurs through observed, imitated, and
reinforced behavior. Social games can promote tobacco risk education by giving players the
chance to witness and emulate healthy behaviors such as refusing tobacco offers. Additionally,
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social games offer rewards for making healthy decisions, such as earning points for choosing
healthy alternatives to tobacco use. In addition, by engaging in tobacco prevention content
with others, adolescents begin to perceive norms against tobacco use and become motivated to
model their peers with healthy behaviors.

A human-centered participatory design approach

Human-centered design (HCD) is a method for designing services and products that are cen-
tered on the needs and challenges of a population. HCD advances participatory action research
by creating solutions to problems with adolescents, rather than just taking notes of the prob-
lems that they report. By putting adolescents at the center of our research, the researcher
becomes fully immersed in their issues [24-26]. Through this approach, adolescents are
invited to be involved through participatory design. It is a cooperative process that strives to
develop a health education program that is usable and beneficial for adolescent tobacco risk
communication [24]. Similar to the work on the design of tobacco graphic warning messages
[27], the participatory design technique can include adolescents in the design process to create
a social game for tobacco prevention.

After-school youth organizations can provide a supportive environment for adolescents’
participation in the design process and their engagement in a social game-based program for
tobacco prevention. Previous research suggests that well-crafted activities within after-school
organizations can promote youth empowerment [28], reduce substance use [29-32], and
improve quality of life [33]. As a result, the design of an intervention that can be implemented
within structured youth organizations may be an effective strategy for the prevention of ado-
lescent tobacco use.

Gap in knowledge

Currently, little is known concerning the best ways to improve the features of tobacco preven-
tion interventions in order to boost their success. Recently, researchers have been designing
and testing advanced game-based programs for tobacco prevention [34, 35]. Nevertheless,
such programs have focused on direct human-computer interaction, and they may benefit
from social features that can promote peer-to-peer interaction. On the other hand, researchers
have also considered the development of socially interactive programs for tobacco prevention.
However, such programs are currently missing game-based features that can improve adoles-
cents’ engagement.

Study aims

In response to this knowledge gap, the objective of this qualitative study is to inform the design
of a board game for tobacco prevention within after-school youth organizations. Particularly,
we aim to determine specific intervention features that best fit the needs of this population. By
leveraging qualitative research strategies, the study aims to (1) uncover the gaming elements
that adolescents deem important for a positive learning experience, and (2) confirm these
gaming elements with adolescents who are presented with a game concept that applies these
elements.

Materials and methods
Study setting

Findings from this qualitative study are drawn from two phases. Phase 1 involved in-person
focus group discussions (n = 15) and Phase 2 included a series of online focus groups and an
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in-depth interview with another set of adolescents (n = 15). The study was conducted under a
project that aimed to design and test a social game-based tobacco prevention program for
adolescents.

Inclusion/exclusion criteria

Adolescents between the ages of 11 and 18 years who were English-speaking and members of
after-school programs were eligible for the study. With restrictions due to COVID-19 that pre-
vented the convening of in-person meetings, adolescents were required to have access to a
webcam, a computer, and the internet to participate online.

Recruitment and sampling strategy

For Phase 1, participants were recruited from a pool of adolescents belonging to an after-
school organization in Texas (the Boys and Girls Club). For Phase 2, participants were
recruited from a pool of adolescents belonging to two youth organizations in Northern and
Central Florida (the 4-H Program and the Boys and Girls Clubs) and a registry of potential
research participants from underserved Florida counties through a community engagement
program (HealthStreet). HealthStreet applies evidence-based community outreach practices to
bridge the gap between community members and the health resources available to them,
including participation in research [36, 37].

In this study, we approached 46 parents in person at youth organization sites, over the
phone, or via videoconferencing. Parents of 39 adolescents approved of their children’s partici-
pation and provided parental permission, and 30 adolescents participated in the study (15 par-
ticipants per phase). During Phase 1, we had three focus groups with five participants per
group. During Phase 2, two participants were randomly selected to take part in an in-depth
paired interview, and thirteen participated in three focus group discussions that were com-
posed of 3 to 5 participants per group. Two participants dropped out of Phase 2, leading to 28
participants completing the survey for the entire study (93.3% retained). We planned to recruit
until information saturation was reached with 28 participants (Fig 1).

Phase 1:

46 approached
parents of
adolescents

39 interested

v

parents of
adolescents

30 adolescents 3 focus group discussions (1) Assess interest in board
participated in » (5 participants per group); = games and gaming preferences,
the study n=15 (2) Study experience engaging in

\4

the board game Cranium

I v

azs::s::e"ts Drop-out during the Development of a preliminary
it ted i session: 0 participants version ofthe board game
interested in intervention for tobacco

the study prevention, STORM HEROES

3 focus group discussions ‘
(3 to 5 participants per Phase 2:

group; On average: 4.3
participants per group)
and 1 paired in-depth
interviews; n=15

Assess preferences and
experiences when engaging
with STORM-HEROES

Drop-out during the
session: 2 participants

Fig 1. Study flow diagram leading to the qualitative sessions.
https://doi.org/10.1371/journal.pone.0289319.9001
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In Phase 1, qualitative sessions assessed adolescents’ interest in board games, gaming pref-
erences, and experiences engaging in the board game “Cranium” (described under the instru-
ments section) [38-40]. Once adolescents’ preferences were identified, we developed an early
version of the board game intervention. Following game design, we conducted Phase 2 to eval-
uate adolescents’ preferences and experiences engaging with the preliminary version of the
intervention. While each phase was conducted separately, qualitative validation of the themes
required merging the results from the two phases.

Ethics statement

The current manuscript adheres to the consolidated criteria for reporting qualitative research
(COREQ; S1 Table). Phase 1 of the study was approved by the University of Texas MD Ander-
son Cancer Center Institutional Review Boards (IRB) and Phase 2 was approved by the Uni-
versity of Florida IRB. Adolescents and their parents were informed of the study’s purpose and
procedure. They provided written informed parental consent and written informed child
assent. Discussions for Phase 1 were conducted in person, while discussions for Phase 2 were
conducted via Zoom video conferencing software. During remote discussions, participants
were instructed to be in an environment without other people to keep the session private and
ensure a safe and relaxed atmosphere. For both phases, participants were required to maintain
the confidentiality of their own identity and the identity of other participants. Participants
were given the chance to take breaks during the interviews. Participants were told they could
withdraw from the study at any time. After a session, participants received a $10 gift card as
compensation.

Study instruments

For Phase 1, during each focus group session, the moderator asked participants a series of
open-ended questions using a semi-structured instrument. We pilot-tested the semi-struc-
tured instrument with two young-adult volunteers and five adolescents and then revised it
prior to the sessions. The instrument included a series of open-ended questions that ask ado-
lescents about their preferences, attitudes, and beliefs regarding group activities, games, and
board games (S1 File). Following the open-ended questions in Phase 1, participants played the
game “Cranium” as a group, and then they provided their creative thoughts regarding the
activities in the game. We chose “Cranium” because it is a multiplayer cooperative game that
includes a variety of cognitive and creative social game-based activities across different
domains [33-35]. Players work in teams in this game to complete activities, including cha-
rades, drawing games, sculpting with molding clay, and answering trivia questions (Table 1).
Following gameplay, the moderator asked participants to share their opinion about the “Cra-
nium” activities. Finally, the moderator presented participants in Phase 1 with an exercise that
allowed them to use their imagination as they pitched ideas for a tobacco prevention board
game. In stages, the moderator verbally described a scenario for a potential board game pro-
gram, and participants were encouraged to elaborate on the features of this game (S1 File).

Between Phase 1 and Phase 2 of this study, we developed a proof of concept for the tobacco
prevention board game, called Storm-Heroes, to be used for Phase 2. In this cooperative board
game, players work together to protect an island from a storm that releases tobacco products
and dangerous chemicals. Players choose to play as one of seven characters that live on the
island. In this game, players move their pawns across the board, as they answer trivia ques-
tions, play mini-games, and work together to make the island healthy again. S2 File describes
the gaming concept in more detail.
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Table 1. “Cranium” game activities and descriptions.

Activity Description

Charades Game One player acts out a word or phrase using only silent cues while the rest of the team tries to
guess

Pictionary Game One player draws a word or phrase while the rest of the team tries to guess

Sculpting Game One player creates a sculpture using a modeling compound to make art while the rest of the
team tries to guess

Miming Game One player pretends to be a famous person using words and actions while the rest of the
team tries to guess

Trivia Questions The team answers multiple-choice and “true or false” questions

The Out-of-Place The team picks two items that do not belong from a list of five words or phrases

Game

The Spelling Game | The team spells a word backward, one per person at a time

The Definition Game | The team answers a multiple-choice question about the definition of a word

https://doi.org/10.1371/journal.pone.0289319.t001

For Phase 2, during each focus group session and paired interview, the moderator asked
participants a series of open-ended questions using a semi-structured instrument. We pilot-
tested the instrument with two young-adult volunteers and two adolescents, and then we
revised it prior to the sessions. The instrument consisted of 48 questions that asked partici-
pants about their preferences concerning the narrative, characters, rules, and art of Storm-
Heroes. Within each session, the moderator described the game and weaved in the questions
from the instrument. Following the open-ended questions, the moderator asked the partici-
pants to play a series of activities from Storm-Heroes as a group. After playing the game, par-
ticipants provided their feedback about their gaming experience. The instrument for the
complete session can be found in S1 File.

For both phases, participants completed a survey that included questions about demo-
graphics, ever use of tobacco products (i.e., cigarettes, cigars, hookah, and vaping), and suscep-
tibility to use tobacco in the future [41, 42].

Data collection

For Phase 1, data collection involved one lead researcher (GEK, gender: male, credentials: M.
P.H., Ph.D.) and one research assistant (JK, gender: female, credentials: B.S.). For Phase 2, data
collection involved the lead researcher (GEK, gender: male, credentials: M.P.H., Ph.D.), a
graduate research assistant (DM, gender: male, credentials: M.A.), and a research coordinator
(ER, gender: female, credentials: B.S.). All interviewers were trained in qualitative research
methods. There were no interviewer-related biases identified in this study.

Phase 1 took place face-to-face in a private room at the youth organization. Phase 2 sessions
were conducted using the online video conferencing software Zoom due to COVID-19 restric-
tions, and participants joined the session from their electronic devices. To collect quantitative
data, a paper-based survey was used for Phase 1 participants, while an online survey was dis-
tributed via REDCap for Phase 2 participants. During Phase 2, participants were instructed to
be in a room by themselves for the entirety of the session. For both phases, an icebreaker was
used at the beginning of the session to help establish a relationship between participants, and
sessions took about 90 minutes.

Qualitative data analysis

This study sought to identify intervention features that can support a successful learning expe-
rience, as reported by adolescent participants within and between Phases 1 and 2. Following
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established qualitative research methods of thematic categorization, we chose to merge data
from both phases as a means to identify overlaps and agreements between participants from
both phases, thus reinforcing the validity of our findings [43]. This also allowed us to provide a
comprehensive understanding of the themes that emerged across the entire study to capture
both breadth and depth in the findings [44, 45]. A third-party transcription service transcribed
the interview recordings. Two research team members analyzed the transcripts to identify
emerging themes. We used open coding and thematic analysis to identify new and emerging
themes. We analyzed each transcript to find repeated topics and relevant quotes, which were
then organized into a list of themes. In line with grounded theory, the themes evolved as new
content was identified during the process. We repeated this process until thematic saturation
was reached. Considering that we applied an iterative human-centered design approach, the
intercoder agreement was reached through a qualitative process. The two coders met on a reg-
ular basis to discuss the coding process in real time until they reached a full agreement. This
method allowed the coders to discuss any disagreements and resolve them, instead of having a
single intercoder reliability score with a limited opportunity for interpretation. We used
Microsoft Word and Excel to manage and analyze the themes. These themes embody the
results of the current study.

Results

Phase 1 participants (n = 4; 26.67% female; mean age = 12.93 years, SD = 0.80) reported engag-
ing in about twelve hours per week of gameplay, on average (SD = 14.15). All participants in
Phase 1 self-identified as African American or Black, and three participants reported being
susceptible to using tobacco in the future. In Phase 2, participants (n = 8; 57.14% female) had
an average age of 14.71 years (SD = 2.33). Participants during Phase 2 reported engaging in
about six hours per week of gameplay, on average (SD = 7.67). Seven participants (50%) in
Phase 2 identified as African American or Black, and 5 participants (38.46%) were susceptible
to using tobacco in the future. None of the participants ever used a tobacco product in any of
the phases.

The qualitative data scripts will be made available through a data repository. Thematic anal-
ysis across Phase 1 and Phase 2 revealed four major themes: 1) Balance during gaming chal-
lenges, 2) Healthy social interaction, 3) Performance and creative freedom, and 4) Fictional
world and game mechanics for tobacco prevention. We examined these themes in the context
of participants’ experience with 1) games in general, 2) activities in the board game “Cranium”,
and 3) activities within our developed board game Storm-Heroes. Fig 2 presents a conceptual
framework that lists the identified major themes and their subthemes, driving a positive learn-
ing experience in a board game for tobacco prevention.

Theme 1: Balance during gaming challenges

A balance between difficulty and capability to overcome challenges. After playing “Cra-
nium”, participants in Phase 1 expressed a preference for “challenging” game features and
activities. Particularly, the presence of a timer, activities that require active thinking, and activi-
ties that involve hand-eye coordination were found to be particularly enjoyable because of
their difficulty. Nevertheless, participants indicated that the difficulty of these activities must
be in balance with their capabilities. In other words, they wanted to feel challenged only to the
point that they could still feel in control.

o “Ilike how tense it [“Cranium”] is cuz like there’s a timer. . . and that’s challenging” (Phase
1, Focus Group 3, Participant 1)
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Fig 2. Conceptual framework from identified study themes.

https://doi.org/10.1371/journal.pone.0289319.g002
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 “Arranging the words because it’s difficult. I like that it challenges your mind.” (Phase 1,
Focus Group 2, Participant 4)

o “Prefer drawing with eyes closed because it’s more challenging.” (Phase 1, Focus Group 2,
Group response)

« “[My favorite “Cranium” activity] is not that hard but it’s not like super easy” (Phase 1,
Focus Group 3, Participant 2)

o “Yeah, my favorite was Odd Couple because—it’s not that hard, but it’s not super easy. It’s
kind of a challenge” (Phase 1, Focus Group 3, Participant 2)

Finally, even after playing Storm-Heroes, participants in Phase 2 also expressed enjoyment
of challenging activities (e.g., the need to mime without talking to get others to guess a word).
Participants preferred a game that presented enough of a challenge but only to the point that
they can still achieve game success. For example, they expressed that it was “cool” that the
game was “a little bit hard” but that one can “get it” right (Phase 2, Focus Group 1, Participant
4). They also explained that the activity is “not difficult like to where it will hinder the game”
(Phase 2, Focus Group 4, Participant 2).

The role of prior skills and knowledge. Participants reported disliking activities that
involved testing their knowledge about certain content. Particularly, trivia questions were
often cited to be the participants’ least favorite activities because they involved content that
they had not yet learned. As a result, adolescents’ attitudes toward certain activities were
dependent on their prior set of skills or knowledge.

 “One thing I don’t like about this game is like—there’s some stuff on here we don’t know
about—like at all. Like one of those songs you had to—the song, Macho Man, that we had to
hum, nobody here knew that song. I think they should make a new version—like 2019.”
(Phase 1, Focus Group 1, Participant 2)

“My least favorite one was Trivia Questions because like—the question asked, “Which city’s
skyline was this?” and sometimes, you don’t know which one it is, and you would have to
really know skylines to know that question.” (Phase 1, Focus Group 3, Participant 1)

“Trivia was also my—my least favorite one because it’s advanced stuff” (Phase 1, Focus
Group 3, Participant 1)

o “[The Definition game] it gets complicated. .. Why don’t you just say, “Look for this word in
the dictionary.” And then, if you—they give synonyms—I can’t say it.” (Phase 1, Focus
Group 1, Participant 1)

Confusion and complicated instructions hindering gameplay. Although the partici-
pants welcomed being challenged during gameplay, two groups reported frustration when fac-
ing difficult activities in games during Phase 1 of the study. Several groups noted that
“confusing” and “complicated” instructions and rules are the components that they generally
disliked about board games. They expressed the importance of making activities “less compli-
cated” (Phase 1, Focus Group 2, Participant 1), especially during gameplay. Participants
reported the same experience with “Cranium”, explaining that “reading the instructions”, and
encountering “confusion about the rules” were their least favorite experiences during the
board game. Particularly, participants preferred to have the instructions coupled with “demon-
stration” and practice. Although limited to the second focus group, confusion was also evident
among participants who played Storm-Heroes during Phase 2 of the study.
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“I don’t like the fact that the other team, sometimes, whenever they have to read it (the card),
it doesn’t make any sense. . . the other team gets confused. . . they don’t really know what
they’re talking about” (Phase 1, Focus Group 3, Participant 3)

o Group agrees that visual instruction/demonstration is easier to understand than written.
(Phase 1, Focus Group 2, Group response)

“I just need—I don’t like the rules, like the paper. You have to read. I don’t like that, I just
like demonstrations. Like when you demonstrated to me then I just get it right away. “(Phase
1, Focus Group 2, Participant 4)

o “When I first played, it was pretty confusing then as I went along I kind of started to under-
stand it.” (Phase 1, Focus Group 2, Participant 1)

I think it’s great. I mean, I've had a lot of trouble like not understanding the rules. But these
seem like simple and easy to understand and I like that. (Phase 2, Focus Group 2, Participant 5)

And they’re pretty set out to where there’s no confusion. So then there’s no arguments when
something comes up. Like it’s like this is how it is. There’s no like changing that. (Phase 2,
Focus Group 2, Participant 2)

The role of victory and loss after a challenge. Participants in Phase 1 expressed that
achievement is important for their game enjoyment, preferring certain activities because they
were “good at it” and expressing strong negative responses to loss during a game.

o “I'like Spoons because I'm good at it” (Phase 1, Focus Group 3, Participant 2)
o “It gets frustrating when you don’t get it right” (Phase 1, Focus Group 1, Participant 1)

o “When I'lose [in board games]. . . it’s terrible. It’s like I just fell off a cliff or something. It’s
bad. I don’t like it” (Phase 1, Focus Group 3, Participant 1)

Theme 2: Healthy social interaction

General support for cooperation and competition. During Phase 1, when it comes to
general game-based activities, participants expressed favorable experiences and opinions
regarding social interaction. Teamwork and cooperation were conveyed favorably in all three
groups of this study. According to participants’ reports, they enjoyed working together and
receiving help from one another during gameplay. They also identified social play as a crucial
strategy to manage their emotions during gameplay. The same sentiment was expressed after
playing “Cranium”.

o “Ilike it [working with a team] because your teammates can help you get through difficult
obstacles” (Phase 1, Focus Group 2, Participant 2)

« “Y’all can actually cooperate with each other and when you get mad they [teammates] can
calm you down” (Phase 1, Focus Group 1, Participant 1)

o “[What I like most about it is] That you can play with your friends” (Phase 1, Focus Group 2,
Participant 2)

o “What I like most about this game (“Cranium”), you got to. . . [play with] —the people on
your team” (Phase 1, Focus Group 1, Participant 2)

Although cooperation was a key component of their gameplay, participants shared their
experiences with the competition. They tended to support a moderate level of competition,
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teamwork, and cooperation. Yet, adolescents expressed dislike for excessive competition,
explaining that it can evoke unfavorable responses (e.g., anger).

« “[What I like about social games is that] you can go against each other and you could try to
win. Even if you lose, it’s still fun” (Phase 1, Focus Group 3, Participant 1)

“Because when you do these certain activities [social games], it gets you in a competitive and
cooperative mindset. . . when you’re being competitive, don’t like make the competitive
mindset take over you. . . that competitive mindset can turn into an anger outburst and that
outburst can control you” (Phase 1, Focus Group 1, Participant 3)

Cooperation in Storm-Heroes. First, participants in Phase 2 generally described Storm-
Heroes to be “very interactive” and “fun to play” (Phase 2, Focus Group 3, Participant 5). Par-
ticipants generally liked the interactive activities, and they enjoyed taking turns between get-
ting others to guess and being part of the group that is guessing.

« Ithink it’s good, because it’s very interactive. Like all three mini-games require the entire
group to do something. Because one person is doing an action and the other people have to
stay involved and like [be] attentive to what they’re doing, so that they can get the right
answer. So I think the involvement is really good. (Phase 2, Focus Group 2, Participant 1)

While playing the Storm-Heroes game, participants in Phase 2 agreed with Participants in
Phase 1 by describing the advantages of working together to achieve success in the game.
According to the participants, working together to overcome challenges is a key feature of
cooperative gameplay. Participants agreed that this environment of cooperation fits well with
the narrative of the game, in which they need to “save an island from a storm”.

« “[What I liked most about this game is] how we have to work together and it’s not as one
person.” (Phase 2, Focus Group 1, Participant 3)

o Oh, my bad. I said you can’t do it by yourself. If you’re on the island, then you might need
help to do it (save it from the storm). If you got other people to help you, you might as well
work as a group. You have more people to help and more minds. (Phase 2, Focus Group 4,
Participant 1)

o Um, I mean, uh, they kind of seem to help out a lot, especially if you’re working as a team.
Because let’s say like you have—you don’t have the answer, but you have something that
could help make the answer whole, then you could all put your answers together and come
up with one like, big solution to the storm card. (Phase 2, Focus Group 4, Participant 2)

Healthy competition in Storm-Heroes. When asked further about their opinions on
working together, participants in Phase 2 expressed that the game Storm-Heroes should also
include a competitive component. They described competition as “fun” and “challenging,”
saying that it positively adds to the collaborative features of the game. They explained that
competition can still be “healthy” when everyone is winning, but to different degrees.

o I think that (competition) brings in, like, a lot of fun and like even though you’re working as
a team, because you all want to save the island, there’s still healthy competition of, like, who
can save it the fastest or the most. (Phase 2, Focus Group 2, Participant 1)

« I personally like a board game like Monopoly, because there’s still that competition, but then
there’s still a sense, a little bit, of like you have to work together. (Phase 2, Focus Group 2,
Participant 2)
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o Because I think it gives the game a little more of a challenge to want to—Like you have to
play against somebody who’s also trying to like, make it worse. (Phase 2, Focus Group 4, Par-
ticipant 2)

Participants also suggested ideas for incorporating competition into the game. Some partic-
ipants suggested competition through the game activities. Particularly, as players draw cards
and play activities, they can compete by counting the number of challenges they successfully
overcome. On the other hand, a competition was suggested through the storyline of the game,
by getting rid of “the most amount of chemicals” or having “the healthiest crop”.

o Yeah, I liked it. I liked it. I think-I think once like as you’re playing the game and different
people are getting the Drawing Cards and stuff like that, I think that would be really fun.
You know, I think about if everyone had a chance of drawing, you're going to have some
people who are better than others, and I think that’s part of what makes it fun. (Phase 2,
Focus Group 2, Participant 1)

I think that’s (working as a team to save the island) good, but then if there could be, like,
some type of competition. Like if you get rid of the most amount of the chemicals and like
you have the healthiest crop, and that type of stuff. Like you kind of bring in like a Monopoly
almost thing where you-there still is a winner and you’re working collectively on a main
goal. But there’s still that first-place winner, so then you still have the fun part on the compe-
tition of a board game. ((Phase 2, Focus Group 2, Participant 2)

o I'think L’s trading idea earlier seems like it would be good. Like maybe you would have to go
in a certain order to answer the questions. That way it would add a little bit of competitive-
ness, and you could, like, trade with the person who’s being asked at that time. (Phase 2,
Focus Group 2, Participant 5)

Theme 3: Performance and creative freedom

Interaction through physical movement. After playing the social game “Cranium?, par-
ticipants conveyed their interest in playing a variety of physically interactive activities (e.g.,
charades and drawing). Participants also described such activities as ones played with family
members and friends. While participants express familiarity with static board games during
which movement is solely on the board, they were surprised to play a board game that involved
physical movement.

o “Iliked it when he was describing the character and stuff, and he was drawing the artist—
whatever he was drawing. It was like a family and friend game.” (Phase 1, Focus Group 1,
Participant 2)

o “What I liked about it is that it’s more than I probably thought it was. Like I thought the
game was just going to be sitting down and moving around your character but it’s more of
like a—more interactive game, like—”(Phase 1, Focus Group 2, Participant 3)

Performance-based creativity. As participants were playing the different activities of
“Cranium”, they expressed interest in the activities that involve performance and creativity.
They found the Charades to be enjoyable, citing reasons such as loving “action” and finding
“acting out things fun.” In addition, some participants expressed interest in activities that
allowed them to be creative and artistic. During Phase 2, participants who played Storm-
Heroes shared similar preferences, including acting and miming games.
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o “...when I understood what it was, I was like—it’s like a Charades game using action
because I love—I love action.” (Phase 1, Focus Group 1, Participant 3)

o “Acting out things, like Charades and stuff, that was one of the main subjects that everybody
kept talking about. We find that interesting.” (Phase 1, Focus Group 3, Participant 1)

 “my most favorite was [miming]. . .. it was pretty easy, and it was similar to Charades, so
that’s why I liked it the most.” (Phase 1, Focus Group 3, Participant 1)

o “My favorite one was Sculpting because I like—like 3D art” (Phase 1, Focus Group 3, Partici-
pant 1)

o “Ilike the drawing part of the game “(Phase 1, Focus Group 1, Participant 2)

o “I think that the drawing, the acting and the speaking out would be cool, and the trivia”
(Phase 2, Focus Group 1, Participant 3)

o It was, like, kind of-not like Pictionary but like-like you know like those games you have to
act out the stuff? Then people would guess. So that’s like-that’s a fun game. So that’s why I
like it. (Phase 2, Focus Group 1, Participant 5)

Enjoyment of strategy-based activities. Although brief during Phase 1, some participants
explained that they preferred to engage in challenging activities that involve strategy. To one
participant, it is crucial to mentally put together a strategy to win a game.

o “Ilike Connect 4 because it’s like strategies” (Phase 1, Focus Group 2, Participant 1)

« “[What I like about these board games is that] you have to have a strategy during the

»

game. ..” (Phase 1, Focus Group 3, Participant 2)

Theme 4: Fictional world and game mechanics for tobacco prevention

Perceived ownership of virtual regions. Some participants expressed a territorial mind-
set. They found it engaging to own the virtual world and its unique areas (e.g., beach, moun-
tains, and caves).

o “What’s cool about having an island, that’s going to be your own place” (Phase 1, Focus
Group 1, Participant 2)

« “Like not just only an island but different types of areas.” (Phase 1, Focus Group 3, Partici-
pant 2)

Escape from dangerous virtual situations. Participants recommended that the challenge
in the game occurs by escaping a dangerous situation (e.g., running away from an enemy).

« “ways for you to get caught by whatever monster’s chasing you. And each turn, it moves one
space or something, and there’s cards, you have to answer questions relating to the topic—to
go to certain places, just like checkpoints or something.” (Phase 1, Focus Group 3, Partici-
pant 1)

o “It’s like a—it’s like an avatar or something chasing you that’s like—it’s called, “Bad influ-
ence,” influencing you to do drugs or something, and you have to run from it and escape to
a portal.” (Phase 1, Focus Group 3, Participant 1)

« “...cancer can kind of chase you because—it can catch up to you. It can start to affect differ-
ent body parts. First, it can probably start off with your brain, your limbs, or your—or your
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organs. It can affect any part of your body, because my aunt, she had—she had her heart—
she had a heart cancer—she had a heart cancer and she died a couple years ago—rest in
peace.” (Phase 1, Focus Group 1, Participant 3)

« “A giant cigarette wants you. It’s like—and it’s running—it’s running towards you with a
flaming head—a fire. And every time you fight back, it—because you know how they smoke,
then they tap it, then the ashes come off. Then when—every time you attack it and the ashes
come off, it’s getting weaker and weaker. And you know, when you smoke, you get weaker
and weaker.” (Phase 1, Focus Group 1, Participant 1)

Pursuit of problems to be solved. In addition to running away from the storm or avatars,
participants recommended that the players chase after problems “on the island to fix things”.

o “This is kind of different, I don’t know if it would work. But I imagined it as like a map of
the island and you would have, like, I don’t know, kind of like Carmen Sandiego board
game. Where you had to like go to the different spots on the island to fix things. You would
have to find an island to model it after, or make one, I guess. But that’s sort of how I envi-
sioned it.” (Phase 2, Focus Group 2, Participant 4)

“And then like those same things for the tobacco products and the cancer-causing chemicals.
Like they have to go through different steps to figure out what are these things that happened
to our island and why are they bad for our island, and then how can we fix it? And then what
are the results of getting rid of those products, and how is it helping everyone when they’re
gone?” (Phase 2, Focus Group 2, Participant 1)

« “Imean ‘cause like, well, everything starts out really good, and then it gets bad really quickly,
and then you got to try to fix it.” (Phase 2, Paired Interview, Participant 2)

Depiction of tobacco as the enemy. Some adolescents recommended that the interven-
tion depicts tobacco as the enemy that is chasing the players. This enemy is described as fic-
tional characters (e.g., mutants), natural disasters (e.g., storms), or temptations for tobacco use
(e.g., tobacco offers from others).

« “just like tobacco mutants chasing you.” (Phase 1, Focus Group 3, Participant 1)

« “maybe it can be like a cigarette storm [chasing you]” (Phase 1, Focus Group 3, Participant
2)

+ “You can be running away from bad choices people will try to push you to, like smoking.
They’ll be like, “Hey, it’s the best thing ever. It relieves stress.” But then, when you see—
because my cousin, he smokes cigarettes. When he doesn’t have the cigarette. (Phase 1,
Focus Group 1, Participant 1)

Game obstacles and resources. Some adolescents recommended game mechanics that
support or hinder players’ attainment of victory, as they tour the island to save it from tobacco.
These may include resources that can protect the player from danger, and time running out
was proposed as an obstacle to reaching victory.

« “...you have a bunch of things to help you get back to safety and win the game.” (Phase 1,
Focus Group 3, Participant 1)

o “It’s like if you don’t complete the challenge—that could be—like—there was the time—we
should have the time—so as the storm is closing in, that’s the time we’re meant to finish the
challenge. If we don’t finish the challenge, we all just die by the storm. So if you don’t—every
time you don’t—every time you mess up a challenge, the time will speed up, and the storm
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will start coming in a little bit faster each and every time you mess up. “(Phase 1, Focus
Group 1, Participant 2)

Discussion

This qualitative research is essential for understanding how to improve tobacco prevention ini-
tiatives, particularly in the context of social games for health. Although currently available
tobacco prevention programs are successful, there is room for advancement in their design to
boost their success and leverage social interaction. In this study, adolescents participated in
qualitative research sessions to provide feedback on their preferences and experience with
respect to social games. The findings bring to light key components for designing a tobacco
prevention program that provides an engaging experience to adolescents. While the uncovered
gaming components may not necessarily be unique to tobacco-related games, it is essential to
consider adolescents’ preferences for these components in the context of a social game that is
focused on tobacco prevention. By considering these gaming components, researchers could
potentially improve the success of their interventions.

Consistent with the flow state theory [46-48], study participants valued having a balance
between challenge difficulty and their ability to overcome a challenge. This balance allows ado-
lescent players to intensely focus and successfully engage, block out distractions, and give com-
plete attention to challenging yet achievable activities. Participants expressed interest in timed
activities that require active thinking and hand-eye coordination. For successful engagement,
participants shared a need for prior skills and clear game instructions. Ultimately, a gaming
balance drives continued achievement that supports effective learning. Future research can
explore sophisticated gaming systems that tailor content based on adolescents’ skill levels,
moving beyond demographic tailoring. Based on the success of tailored digital health pro-
grams [49, 50], it is clear that incorporating novel tailoring methods can improve current
health education programs.

By supporting both cooperation and competition during gameplay, adolescents emphasized
the importance of healthy social interaction. They found the challenge of competition enjoy-
able and believed it enhances the program. In line with the balance described by the flow state
theory, competition adds to the gaming challenges, while cooperation can facilitate adoles-
cents’ ability to overcome these challenges. Such social dynamics can play a key role in driving
health behavior change. First, in the context of competition, displaying players’ progress
through leaderboards [51], for example, can boost adolescents’ motivation by making their
performance visible to others [52, 53]. Similarly, cooperation in a social game can motivate the
group to achieve the program objective by leveraging encouragement and shared skills,
enhancing the group’s self-efficacy for success [54]. Both cooperative and competitive elements
of a tobacco prevention program can facilitate a collective motivation to prevent tobacco use
[55, 56]. In addition, adolescents’ perceived norms about tobacco can shift as they experience a
shared objective among peers, to fight tobacco use [53]. While we have not yet applied compe-
tition in Storm-Heroes, we anticipate employing a moderate level of competition in the game-
play mechanics.

Aligning with the experiential learning theory that emphasizes exploration of information,
adolescents expressed interest in physical engagement and creativity [57, 58]. Previous work
has supported the effectiveness of interactive and entertaining tobacco prevention programs
[59]. To promote learning and self-efficacy, tobacco education interventions should leverage
interactive features of exploration and first-hand discovery. In line with previous research
[60], game-based activities can be concise and repetitive, thereby providing prompt feedback
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within the interactive setting, to maintaining interest in the health content [60]. Ultimately,
this immersive gaming experience can facilitate adolescents’ understanding of tobacco risks.

Finally, adolescents expressed a unique perspective concerning the virtual world and its
dynamics for tobacco prevention. First, they want to receive ownership of virtual regions as
they explore the gaming environment and advance in the game, as it fosters immersion and
engagement, in line with the concept of territorial gameplay [61, 62]. Perceived ownership fos-
ters a feeling of belonging and promotes experiential learning by exploring regions and uncov-
ering health information [63]. Participants recommended depicting tobacco as the enemy,
allowing adolescents to escape dangerous virtual situations and experiencing the consequences
of tobacco use and its threats to the individual and the community. Additionally, adolescents
expressed an interest in pursuing and solving problems through gameplay, thereby under-
standing tobacco risks, lowering their intention to use tobacco, and fostering advocacy for
tobacco control and self-efficacy in fighting tobacco within their communities.

Strengths and limitations

This study identified specific intervention features that best fit the needs of adolescents in the
context of a social game for tobacco prevention. Through our qualitative approach, we uncov-
ered key gaming elements that adolescents favor when engaging in a successful learning expe-
rience for tobacco prevention. Although the game concept we designed is in its early stages of
development, this qualitative work highlighted the design needs within the intervention during
Phase 1 and confirmed such design needs when adolescents were presented with the game
concept (Storm-Heroes) during Phase 2. During the sessions, teens made it clear that some
program elements need to be included. It is also one of the first studies to identify novel design
elements for a social game-based program for health promotion, including gaming mechanics
(e.g., collaboration and ownership of virtual environments) and activities (e.g., performance-
based, and strategy-based activities). These findings identify gaming elements that require
deeper conceptualization and assessment in the context of tobacco prevention during subse-
quent studies.

One limitation of this study was that the female-to-male ratio in each phase was uneven.
Nevertheless, our results present qualitative reports from both genders equally, and both gen-
ders were randomly distributed among groups, allowing for equal gender representation
within groups. Also, the two phases had distinctly different demographics. While Phase 1 was
conducted with a sample of adolescents who identified as Black or African-American, Phase 2
included a racially and ethnically diverse sample. It must be noted that Phase 1 involved partic-
ipant enrollment from a single after-school organization in Texas, while Phase 2 included ado-
lescents scattered throughout Central and Northern Florida. Despite the demographic
differences between participants from the two phases, the results show that the two samples
were in agreement concerning most of the identified themes. Compared to random sampling,
a purposive sample of similar demographic characteristics to the larger adolescent population
may have been a better option for Phase 1. The selection process during Phase 1 had to abide
by the request of the after-school programs in Texas, whereby only one after-school site was
able to participate. While a larger number of participants per phase may have allowed for a
more representative sample, a sample of 15 participants in a focus group study is common for
qualitative research, and we acknowledge that the reports may not be representative of the
entire adolescent population. Having 15 participants in focus group studies can achieve the-
matic saturation with adolescents, according to earlier studies on qualitative sampling [64, 65].
It must be noted that adolescents’ tobacco knowledge may have affected their qualitative
reports about tobacco and the game. In this study, we did not quantitatively measure
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knowledge about tobacco products. However, knowledge was discussed during the Phase 2
focus groups. Finally, during the Phase 2 sessions, remote discussions did not allow for the
study of non-verbal cues and for the activities to be as interactive as they could have been. Nev-
ertheless, remote sessions provided the opportunity for several hard-to-reach adolescents to
participate and feel at ease within the comfort of their homes.

Our study is the starting point for further developing Storm-Heroes, an innovative social
game for adolescent tobacco prevention. the reported gaming elements are novel to tobacco
prevention and education programs. The study also revealed gaming features that could
enhance existing tobacco prevention programs. Following these findings, we plan to: (1) fur-
ther examine the gaming features that we identified; (2) enhance the user experience of our
current game concept; and (3) design a final version of the social game-based intervention. For
future research, we will use a participatory approach to allow adolescents to take part in the
design process, improve Storm-Heroes, and develop health promotional messages that can be
incorporated into the program.

Conclusions

The study results indicate that a game-based social program for tobacco prevention must bal-
ance (1) the challenge of gameplay and adolescents’ ability to overcome the challenge, (2) col-
laboration and competition, (3) mental and physical activities, and (4) fighting and escaping
challenges. These balances can drive a healthy engagement in the program, thereby facilitating
learning. Ultimately, a board game for tobacco prevention is expected to bring adolescents
together to create lasting memories that nudge them away from tobacco use and the harm it
can cause.

Supporting information

S1 Table. COREQ table. This file presents the table of consolidated criteria for reporting qual-
itative research (COREQ).
(DOCX)

S1 File. Instruments. This file presents the qualitative semi-structured instruments for the
study.
(DOCX)

S$2 File. Game description. This file describes the game in detail.
(DOCX)

Acknowledgments

Alexander Prokhorov from the University of Texas MD Anderson Cancer Center.

Author Contributions

Conceptualization: Georges Elias Khalil, Jeanie Kim.

Data curation: Georges Elias Khalil, Jeanie Kim, David McLean, Erica Ramirez.
Formal analysis: Georges Elias Khalil, Jeanie Kim, David McLean.

Funding acquisition: Georges Elias Khalil.

Investigation: Georges Elias Khalil.

Methodology: Georges Elias Khalil, Erica Ramirez, Bairu Zhao, Ramzi G. Salloum.

PLOS ONE | https://doi.org/10.1371/journal.pone.0289319  July 28, 2023 17/21


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0289319.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0289319.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0289319.s003
https://doi.org/10.1371/journal.pone.0289319

PLOS ONE

Gaming preferences for tobacco prevention

Project administration: David McLean.

Supervision: Erica Ramirez.

Validation: Bairu Zhao.

Visualization: Bairu Zhao, Ramzi G. Salloum.

Writing - original draft: Georges Elias Khalil, Jeanie Kim, David McLean, Erica Ramirez,

Bairu Zhao, Ramzi G. Salloum.

Writing - review & editing: Georges Elias Khalil, Jeanie Kim, David McLean, Erica Ramirez,

Bairu Zhao, Ramzi G. Salloum.

References

1.

10.

11.

12.

13.

14.

15.

Gentzke AS, Wang TW, Cornelius M, Park-Lee E, Ren C, Sawdey MD, et al. Tobacco product use and
associated factors among middle and high school students—national youth tobacco survey, United
States, 2021. MMWR Surveill Summ. 2022; 71(5):1. https://doi.org/10.15585/mmwr.ss7105a1 PMID:
35271557

Prokhorov AV, Khalil GE, Foster DW, Marani SK, Guindani M, Espada JP, et al. Testing the nicotine
dependence measure mFTQ for adolescent smokers: A multinational investigation. Am J Addict. 2017;
26(7):689—-696. https://doi.org/10.1111/ajad. 12583 PMID: 28708935

Lin C, Gaiha SM, Halpern-Felsher B. Nicotine Dependence from Different E-Cigarette Devices and
Combustible Cigarettes among US Adolescent and Young Adult Users. Int J Environ Res Public Health.
2022; 19(10):5846. https://doi.org/10.3390/ijerph 19105846 PMID: 35627381

Garg |, Vidholia A, Garg A, Singh S, Agahi A, Laroia A, et al. E-cigarette or vaping product use—associ-
ated lung injury: A review of clinico-radio-pathological characteristics. Respir Investig. 2022; 60
(6):738—749 https://doi.org/10.1016/j.resinv.2022.06.011 PMID: 35963780

Peirson L, AliMU, Kenny M, Raina P, Sherifali D. Interventions for prevention and treatment of tobacco
smoking in school-aged children and adolescents: a systematic review and meta-analysis. Prev Med.
2016; 85: 20-31. https://doi.org/10.1016/j.ypmed.2015.12.004 PMID: 26743631

Thomas RE, McLellan J, Perera R. Effectiveness of school-based smoking prevention curricula: sys-
tematic review and meta-analysis. BMJ open. 2015; 5(3): €006976. https://doi.org/10.1136/bmjopen-
2014-006976 PMID: 25757946

Khalil GE. When losing means winning: the impact of conflict in a digital game on young adults’ inten-
tions to get protected from cancer. Games Health J. 2012; 1(4):279-286. https://doi.org/10.1089/g4h.
2012.0017 PMID: 26191631

Khalil GE. Fear and happiness in “Re-Mission”: Teasing out emotional gaming events responsible for
cancer risk perception. In: Schouten B, Fedtke S, Bekker T, Schijven M, Gekker A. editors. Games for
health. Springer; 2013. pp. 27—44.

Khalil GE. Change through experience: How experiential play and emotional engagement drive helath
game success. In: Novak D, Tulu B, Brendryen H. editors. Handbook of research on holistic perspec-
tives in gamification for clinical practice. 2015. p. 10.

Lankford B, Sokile C, Yawson D, Lévite L, Sally H. The River Basin Game: A role-playing board game
for initiating discussions on visions and strategies of water allocation. In: Water resource management
for local development workshop: Aventura, Loskopdam. South Africa 2004. pp. 8-11.

Da Silva Chagas L, Chagas De Almeida Silva S, Matos Coelho De Oliveira R, Magalhdes Manhaes T,
Vicenta De Oliveira Braga G, Sarmiero Rodolpho B, et al. Crash: Find the Exit-A neuroscience board
game as a tool to discuss mechanisms of drug abuse and addiction issues in the classroom. J Biol
Educ. 2020; 28: 1-9.

Eccles JS, Barber BL. Student council, volunteering, basketball, or marching band what kind of extra-
curricular involvement matters? J Adolesc Res. 1999; 14(1): 10—43.

Epstein JL, Karweit N. Friends in school: Patterns of selection and influence in secondary schools.
Elsevier; 2014.

Kaye LK, Kowert R, Quinn S. The role of social identity and online social capital on psychosocial out-
comes in MMO players. Comput Human Behav. 2017; 74: 215-23.

Stokes B, Williams D. Gamers who protest: small-group play and social resources for civic action.
Games Cult. 2018; 13(4):327-48.

PLOS ONE | https://doi.org/10.1371/journal.pone.0289319  July 28, 2023 18/21


https://doi.org/10.15585/mmwr.ss7105a1
http://www.ncbi.nlm.nih.gov/pubmed/35271557
https://doi.org/10.1111/ajad.12583
http://www.ncbi.nlm.nih.gov/pubmed/28708935
https://doi.org/10.3390/ijerph19105846
http://www.ncbi.nlm.nih.gov/pubmed/35627381
https://doi.org/10.1016/j.resinv.2022.06.011
http://www.ncbi.nlm.nih.gov/pubmed/35963780
https://doi.org/10.1016/j.ypmed.2015.12.004
http://www.ncbi.nlm.nih.gov/pubmed/26743631
https://doi.org/10.1136/bmjopen-2014-006976
https://doi.org/10.1136/bmjopen-2014-006976
http://www.ncbi.nlm.nih.gov/pubmed/25757946
https://doi.org/10.1089/g4h.2012.0017
https://doi.org/10.1089/g4h.2012.0017
http://www.ncbi.nlm.nih.gov/pubmed/26191631
https://doi.org/10.1371/journal.pone.0289319

PLOS ONE

Gaming preferences for tobacco prevention

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Depping AE, Mandryk RL. Cooperation and interdependence: How multiplayer games increase social
closeness. In: Schouten B, Markopoulos P, Toups Z. editors. Proceedings of the Annual Symposium on
Computer-Human Interaction in Play 2017. 2017. pp. 449-461.

van Esch C, Wiggen T. Can Your Students Save the World? Utilizing Pandemic®, a Cooperative Board
Game, to Teach Management. Manag Teach Rev. 2020; 5(3): 275-83.

Stone J, Schaefer CE. Gameplay: therapeutic use of games with children and adolescents. New Jersy:
John Wiley & Sons; 2019.

Wilcox-Avalos C. The effects of gameplay on social communicative skills in individuals with disabilities.
Doctoral dissertation, Caldwell University. 2019. Available from: https://www.proquest.com/openview/
1c56214a37eba5a924fc75df6133a047/1?pg-origsite=gscholar&cbl=18750&diss=y.

Khazaal Y, Chatton A, Prezzemolo R, Zebouni F, Edel Y, Jacquet J. et al. Impact of a board-game
approach on current smokers: a randomized controlled trial. Subst Abuse Treat Prev Policy. 2013; 8(3):
1-14. https://doi.org/10.1186/1747-597X-8-3 PMID: 23327643

Gilliam M, Hill BJ, Jaworski E, Sparrow A, Jones IB, Jagoda P. Increasing anti-tobacco industry atti-
tudes among youth: a pilot study of a multiplayer educational board game. Games Health J. 2019; 8(1):
49-54. https://doi.org/10.1089/g4h.2017.0186 PMID: 30156430

Cocchiara RA, Sestili C, Di Bella O, Backhaus |, Sinopoli A, D’Egidio V, et al. "GiochiAMO," a Gaming
Intervention to Prevent Smoking and Alcohol Habits Among Children: A Single-Arm Field Trial. Games
Health Journal. 2020; 9(2): 113-120. https://doi.org/10.1089/g4h.2019.0125 PMID: 31770005

Hill JR, Song L, West RE. Social learning theory and web-based learning environments: a review of
research and discussion of implications. Am J Distance Educ. 2009; 23(2):88—103.

Institute Luma. Innovating for people: Handbook of human-centered design methods. Luma Institute,
LLC; 2012.

Chen E, Leos C, Kowitt SD, Moracco KE. Enhancing community-based participatory research through
human-centered design strategies. Health Promot Pract. 2020; 21(1):37—48. https://doi.org/10.1177/
1524839919850557 PMID: 31131633

UNICEF. Designing digital interventions for lasting impact. A human-centered guide to digital health
deployments. 2018. Accessed on May 19, 2023 at https://www.unicef.org/innovation/sites/unicef.org.
innovation/files/2018-11/unicef_digitalhealthinterventions_final2018.pdf

Cartujano-Barrera F, Azogini C, Mcintosh S, Bansal-Travers M, Ossip DJ, Cupertino AP. Developing
graphic messages for vaping prevention among black and latino adolescents: Participatory research
approach. J Participat Med. 2021; 13(3):29945. https://doi.org/10.2196/29945 PMID: 34812734

Brown LD, Bandiera FC, Harrell MB. Cluster randomized trial of teens against tobacco use: youth
empowerment for tobacco control in El Paso, Texas. Am J Prev Med. 2019; 57(5): 592—600. https://doi.
org/10.1016/j.amepre.2019.06.013 PMID: 31564599

VanderWaal CJ, Powell LM, Terry-McElrath YM, Bao Y, Flay BR. Community and school drug preven-
tion strategy prevalence: differential effects by setting and substance. J Prim Prev. 2005; 26(4): 299—
320. https://doi.org/10.1007/s10935-005-5390-6 PMID: 15995801

de Heer B, Heffern JK, Cheney JS, Secakuku A, Baldwin J. A community-based evaluation of a cultur-
ally grounded, american indian after-school prevention program: the value of practitioner-researcher
collaboration. Am Indian Alsk Native Ment Health Res. 2020; 27(1): 1. https://doi.org/10.5820/aian.
2701.2020.1 PMID: 32259272

D’Amico EJ, Tucker JS, Miles JN, Zhou AJ, Shih RA, Green HD. Preventing alcohol use with a voluntary
after-school program for middle school students: Results from a cluster randomized controlled trial of
CHOICE. Prev Sci. 2012; 13(4): 415-25. https://doi.org/10.1007/s11121-011-0269-7 PMID: 22311178

McCabe KO, Modecki KL, Barber BL. Participation in organized activities protects against adolescents’
risky substance use, even beyond development in conscientiousness. J Youth Adolesc. 2016; 45(11):
2292-306. https://doi.org/10.1007/s10964-016-0454-x PMID: 26979446

Goodman AC, Ouellette RR, D’Agostino EM, Hansen E, Lee T, Frazier SL. Promoting healthy trajecto-
ries for urban middle school youth through county-funded, parks-based after-school programming. J
Community Psychol. 2021; 49(7): 2795-2817. https://doi.org/10.1002/jcop.22587 PMID: 33914915

Weser VU, Hieftje KD. Invite Only VR: A vaping prevention game—an evidence-based vr game for
health and behavior change. In: Special interest group on computer graphics and interactive techniques
conference talks; 2020. pp. 1-2.

Daggett Q, Kapralos B, Baker-Barill C, Burnet-Greene T, van Zandvoort M. Work-in-progress: escape
the experiment—a serious game for teaching youth about the dangers of vaping. In: Auer ME, Tsiatsos
T, editors. Interactive mobile communication, technologies and learning. Cham: Springer; 2022. pp.
593-600.

PLOS ONE | https://doi.org/10.1371/journal.pone.0289319  July 28, 2023 19/21


https://www.proquest.com/openview/1c56214a37eba5a924fc75df6133a047/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.proquest.com/openview/1c56214a37eba5a924fc75df6133a047/1?pq-origsite=gscholar&cbl=18750&diss=y
https://doi.org/10.1186/1747-597X-8-3
http://www.ncbi.nlm.nih.gov/pubmed/23327643
https://doi.org/10.1089/g4h.2017.0186
http://www.ncbi.nlm.nih.gov/pubmed/30156430
https://doi.org/10.1089/g4h.2019.0125
http://www.ncbi.nlm.nih.gov/pubmed/31770005
https://doi.org/10.1177/1524839919850557
https://doi.org/10.1177/1524839919850557
http://www.ncbi.nlm.nih.gov/pubmed/31131633
https://www.unicef.org/innovation/sites/unicef.org.innovation/files/2018-11/unicef_digitalhealthinterventions_final2018.pdf
https://www.unicef.org/innovation/sites/unicef.org.innovation/files/2018-11/unicef_digitalhealthinterventions_final2018.pdf
https://doi.org/10.2196/29945
http://www.ncbi.nlm.nih.gov/pubmed/34812734
https://doi.org/10.1016/j.amepre.2019.06.013
https://doi.org/10.1016/j.amepre.2019.06.013
http://www.ncbi.nlm.nih.gov/pubmed/31564599
https://doi.org/10.1007/s10935-005-5390-6
http://www.ncbi.nlm.nih.gov/pubmed/15995801
https://doi.org/10.5820/aian.2701.2020.1
https://doi.org/10.5820/aian.2701.2020.1
http://www.ncbi.nlm.nih.gov/pubmed/32259272
https://doi.org/10.1007/s11121-011-0269-7
http://www.ncbi.nlm.nih.gov/pubmed/22311178
https://doi.org/10.1007/s10964-016-0454-x
http://www.ncbi.nlm.nih.gov/pubmed/26979446
https://doi.org/10.1002/jcop.22587
http://www.ncbi.nlm.nih.gov/pubmed/33914915
https://doi.org/10.1371/journal.pone.0289319

PLOS ONE

Gaming preferences for tobacco prevention

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Cottler LB, Striley CW, O’leary CC, Ruktanonchai CW, Wilhelm KA. Engaging the community in
research with the HealthStreet model: national and international perspectives. In: Alving B, Dai K, Chan
SHH, editors. Translational medicine-what, why and how: an international perspective. Basel: Karger;
2013. pp. 98-109.

Webb FJ, Khubchandani J, Striley CW, Cottler LB. Black—White differences in willingness to participate
and perceptions about health research: Results from the population-based HealthStreet study. J Immigr
Minor Health. 2019; 21(2): 299-305. https://doi.org/10.1007/s10903-018-0729-2 PMID: 29603088

Kershner K. How “Cranium” Works. 2021 Feb 17 [Cited 2023 January 3]. Available from: https://
entertainment.howstuffworks.com/leisure/brain-games/”Cranium”2.htm.

Goldey KL, Espinosa A. Sculptorades, Cloodles, and Cameos, oh my! A “Cranium” game for general
psychology. Teach Psychol. 2020; 48(4): 308-315.

Merrifield R. Rethink (Chapter 10): Rethinking at “Cranium”. Pearson Education; 2009.

Portnoy DB, Green VR, Kaufman AR, Stanton CA, Bansal-Travers M, Strong DR, et al. Receptivity to
tobacco advertising and susceptibility to tobacco products. Pediatrics. 2017; 139(6): €20163353.
https://doi.org/10.1542/peds.2016-3353 PMID: 28562266

Pierce JP, Choi WS, Gilpin EA, Farkas AJ, Merritt RK. Validation of susceptibility as a predictor of which
adolescents take up smoking in the United States. Health Psychol. 1996; 15(5): 355. https://doi.org/10.
1037//0278-6133.15.5.355 PMID: 8891714

Creswell J. W., & Plano Clark V. L. (2017). Designing and conducting mixed methods research. Sage
publications.

Sutton J., & Austin Z. Qualitative research: data collection, analysis, and management. Can J Hosp
Pharm. 2015; 68(3), 226—231. https://doi.org/10.4212/cjhp.v68i3.1456 PMID: 26157184

Todres L, Galvin K. Pursuing both breadth and depth in qualitative research: lllustrated by a study of the
experience of intimate caring for a loved one with Alzheimer’s disease. Int J Qual Methods. 2005; 4
(2):20-31.

Kreutzer CP, Bowers CA. Making games for health engaging: The influence of cognitive skills. Games
Health J. 2016; 5(1): 21-6. https://doi.org/10.1089/g4h.2015.0048 PMID: 26795061

Csikszentmihalyi M. Flow: The Psychology of Optimal Performance. New York: Cambridge University
Press; 1990.

Procci K, Singer AR, Levy KR, Bowers C. Measuring the f low experience of gamers: An evaluation of
the DSF-2. Comput Hum Behav. 2012; 28: 2306-2312.

Lustria MLA, Noar SM, Cortese J, Van Stee SK, Glueckauf RL, Lee J. A meta-analysis of web-delivered
tailored health behavior change interventions. J Health Commun. 2013; 18(9): 1039-69. https://doi.org/
10.1080/10810730.2013.768727 PMID: 23750972

Nash CM, Vickerman KA, Kellogg ES, Zbikowski SM. Utilization of a Web-based vs integrated phone/
Web cessation program among 140,000 tobacco users: an evaluation across 10 free state quitlines. J
Med Internet Res. 2015; 17(2): €36. https://doi.org/10.2196/jmir.3658 PMID: 25673013

Bunchball, Inc (2010). Gamification 101: An Introduction to the use of game dynamics to influence
behavior (White Paper). Bunchball Inc.

Depura K. and Garg M. (2012). Application of online gamification to new hire onboarding. 2012 Third
International Conference on Services in Emerging Markets, 153—156.

Burke M. and Hiltbrand T. How gamification will change business intelligence. Bus Intelligent Journal.
2011; 16(2): 8-16.

Nakajima T. and Lehdonvirta V. Designing motivation using persuasive ambient mirrors. Pers Ubiqui-
tous Comput. 2013; 17 (1): 107-126.

Klassen RM, Krawchuk LL. Collective motivation beliefs of early adolescents working in small groups. J
Sch Psychol. 2009; 47(2): 101-20. https://doi.org/10.1016/j.jsp.2008.11.002 PMID: 19217436

Telzer EH, Van Hoorn J, Rogers CR, Do KT. Social influence on positive youth development: A devel-
opmental neuroscience perspective. Adv Child Dev Behav. 2018; 54: 215-58. https://doi.org/10.1016/
bs.acdb.2017.10.003 PMID: 29455864

Kolb AY, Kolb DA. Experiential learning theory. In: Seel NM, editors. Encyclopedia of the sciences of
learning. Germany: Springer; 2012. p. 1215-9.

Jones RB, Thapar A, Rice F, Beeching H, Cichosz R, Mars B, et al. A web-based psychoeducational
intervention for adolescent depression: design and development of MoodHwb. JMIR Mental Health.
2018; 5(1): e13. https://doi.org/10.2196/mental.8894 PMID: 29449202

Khalil GE, Wang H, Calabro KS, Mitra N, Shegog R, Prokhorov AV. From the experience of interactivity
and entertainment to lower intention to smoke: A randomized controlled trial and path analysis of a web-

PLOS ONE | https://doi.org/10.1371/journal.pone.0289319  July 28, 2023 20/21


https://doi.org/10.1007/s10903-018-0729-2
http://www.ncbi.nlm.nih.gov/pubmed/29603088
https://entertainment.howstuffworks.com/leisure/brain-games/Cranium2.htm
https://entertainment.howstuffworks.com/leisure/brain-games/Cranium2.htm
https://doi.org/10.1542/peds.2016-3353
http://www.ncbi.nlm.nih.gov/pubmed/28562266
https://doi.org/10.1037//0278-6133.15.5.355
https://doi.org/10.1037//0278-6133.15.5.355
http://www.ncbi.nlm.nih.gov/pubmed/8891714
https://doi.org/10.4212/cjhp.v68i3.1456
http://www.ncbi.nlm.nih.gov/pubmed/26157184
https://doi.org/10.1089/g4h.2015.0048
http://www.ncbi.nlm.nih.gov/pubmed/26795061
https://doi.org/10.1080/10810730.2013.768727
https://doi.org/10.1080/10810730.2013.768727
http://www.ncbi.nlm.nih.gov/pubmed/23750972
https://doi.org/10.2196/jmir.3658
http://www.ncbi.nlm.nih.gov/pubmed/25673013
https://doi.org/10.1016/j.jsp.2008.11.002
http://www.ncbi.nlm.nih.gov/pubmed/19217436
https://doi.org/10.1016/bs.acdb.2017.10.003
https://doi.org/10.1016/bs.acdb.2017.10.003
http://www.ncbi.nlm.nih.gov/pubmed/29455864
https://doi.org/10.2196/mental.8894
http://www.ncbi.nlm.nih.gov/pubmed/29449202
https://doi.org/10.1371/journal.pone.0289319

PLOS ONE

Gaming preferences for tobacco prevention

60.

61.

62.

63.

64.

65.

based smoking prevention program for adolescents. J Med Internet Res. 2017; 19(2): e7174. https://
doi.org/10.2196/jmir.7174 PMID: 28209560

Khalil GE, Wang H, Calabro KS, Prokhorov AV. Revealing users’ experience and social interaction out-
comes following a web-based smoking prevention intervention for adolescents: A qualitative study.
PloS one. 2019; 14(10): e0223836.

DaCosta B, Seok S. Factors that explain adolescent and young adult mobile gameplay, part 1: A quanti-
tative examination of the characteristics describing the casual player. In: Zheng R, Gardner MK, editors.
Handbook of research on serious games for educational applications. Hershey, PA: |Gl Global;

2016. pp. 320-39.

Gender Kelle H. and territoriality in games played by nine-to twelve-year-old schoolchildren. J Contemp
Ethnogr. 2000; 29(2): 164—-97.

Wang H, Singhal A. Entertainment-education through digital games. In: Serious games, 2009. pp. 293—
314. Routledge.

Rich M, Ginsburg KR. The reason and rhyme of qualitative research: why, when, and how to use quali-
tative methods in the study of adolescent health. J Adolesc Health. 1999; 25(6): 371-8. https://doi.org/
10.1016/s1054-139x(99)00068-3 PMID: 10608576

Dworkin SL. Sample size policy for qualitative studies using in-depth interviews. Arch Sex Behav. 2012;
41(6): 1-2. https://doi.org/10.1007/s10508-012-0016-6 PMID: 22968493

PLOS ONE | https://doi.org/10.1371/journal.pone.0289319  July 28, 2023 21/21


https://doi.org/10.2196/jmir.7174
https://doi.org/10.2196/jmir.7174
http://www.ncbi.nlm.nih.gov/pubmed/28209560
https://doi.org/10.1016/s1054-139x%2899%2900068-3
https://doi.org/10.1016/s1054-139x%2899%2900068-3
http://www.ncbi.nlm.nih.gov/pubmed/10608576
https://doi.org/10.1007/s10508-012-0016-6
http://www.ncbi.nlm.nih.gov/pubmed/22968493
https://doi.org/10.1371/journal.pone.0289319

