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Abstract

Objectives: Herein we describe a methodology for developing a game-based intervention to raise awareness of
Chlamydia and other sexually transmitted infections among youth in Boston’s underserved communities.
Materials and Methods: We engaged in three design-based experiments. These utilized mixed methods, including
playtesting and assessment methods, to examine the overall effectiveness of the game. In this case, effectiveness is
defined as (1) engaging the target group, (2) increasing knowledge about Chlamydia, and (3) changing attitudes
toward Chlamydia testing. These three experiments were performed using participants from different communities
and with slightly different versions of the game, as we iterated through the design/feedback process.
Results: Overall, participants who played the game showed a significant increase in participants’ knowledge of
Chlamydia compared with those in the control group (P = 0.0002). The version of the game, including elements
specifically targeting systemic thinking, showed significant improvement in participants’ intent to get tested
compared with the version of the game without such elements (Stage 2: P > 0.05; Stage 3: P = 0.0045). Fur-
thermore, during both Stage 2 and Stage 3, participants showed high levels of enjoyment, mood, and partici-
pation and moderate levels of game engagement and social engagement. During Stage 3, however, participants’
game engagement (P = 0.0003), social engagement (P = 0.0003), and participation (P = 0.0003) were signifi-
cantly higher compared with those of Stage 2. Thus, we believe that motivation improvements from Stage 2 to 3
were also effective. Finally, participants’ overall learning effectiveness was correlated with their prepositive
affect (r = 0.52) and their postproblem hierarchy (r = -0.54).
Conclusion: The game improved considerably from its initial conception through three stages of iterative design
and feedback. Our assessment methods for each stage targeted and integrated learning, health, and engagement
outcomes. Lessons learned through this iterative design process are a great contribution to the games for health
community, especially in targeting the development of health and learning goals through game design.
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Introduction

Researchers in the field of Games for Health have
particularly focused upon designing gamified systems

for health behavior change, specifically focusing on the
design, development, and evaluation of such approaches.
Examples of this include games that encourage physical
activity,1–4 healthy eating,1,5,6 and self-regulation of emo-
tions.7,8 Several evaluation methods for these games have
been proposed, including (but not limited to) Pham et al., who

utilized a randomized controlled trial (RCT) approach to
evaluate the feasibility and clinical efficacy of a mobile health
game.8 Previous research has shown that game engagement
and sustained use are essential for health behavior change9

and learning.10 Despite this, evaluation of health games has
rarely focused on engagement as a modifiable factor.9,10

Additionally, while there has been a great deal of work
designing games for health purposes, relatively little has
addressed sexually transmitted infections (STIs) in youth. In
2008 alone, 110 million people in the United States were
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affected by at least one of the top eight STIs.11 Among Boston
residents in 2014, Chlamydia was both the most commonly
reported STI and the most communicable disease overall.12

To reduce rates of Chlamydia and racial, ethnic, and social
determinants of health associated with Chlamydia, the Boston
Public Health Commission (BPHC) hosted several work-
shops in predominantly high-risk areas. In the interest of
providing better outreach and avenues for the successful
dissemination of sexual health education, however, BPHC
and our group collaborated to develop and evaluate a game for
educating youth about Chlamydia and encouraging STI test-
ing. There are several reasons that games, the media of choice
for today’s youth, may be a successful alternative in this en-
deavor. Namely, games provide a safe and private channel for
education regarding sensitive issues, such as safer sex and STI
testing and treatment.13–15 Furthermore, games may provide
an alternative/simulated environment in which students can
be immersed in realistic contexts while mitigating and re-
solving real-life dilemmas.

While there have been games developed for STI educa-
tion, the majority of these are either prototypes or have not
been thoroughly evaluated.16–18 For example, even those that
have undergone systematic evaluation (e.g., Miller et al.19,20)
failed to include in-depth assessments of players’ experience
(e.g., engagement) to determine whether participants would
choose to play these games without experimental incentives.
As discussed above, previous research has shown that en-
gagement and retention of subjects using a game environ-
ment are critical factors21 that affect learning10 and health
behavior change.9 Finally, despite the fact that youth (es-
pecially young women) have been shown to be most at risk
for acquiring STIs,22 no previous research specifically tar-
geted Chlamydia education and prevention among youth.

In this article, we address this lack of Chlamydia educa-
tion by presenting an innovative game designed to increase
knowledge of Chlamydia among at-risk youth, motivate
them to get tested, and, if they test positive, encourage them
to seek treatment early to stop the spread within the popu-
lation. In addition to the game, we developed a methodology
that will help to address the lack of evaluation methods in the
field by combining engagement metrics with knowledge,
health, and learning outcomes. We incorporated an iterative
design and testing method to calibrate the game and balance
its serious purpose with players’ motivation and engagement.
The method included formative and summative evaluation
processes,23 similar to Microsoft’s Rapid Iterative Testing and
Evaluation,24 but adjusted for education content by empha-
sizing evaluation techniques that take into account both en-
gagement and educational outcomes. Incorporating both of
these factors into our formative and summative evaluations
affected the instruments we chose. Engagement is an es-
sential component in games that has a direct impact upon
motivation and thus learning; however, engagement alone
cannot improve learning outcomes unless the game design
also emphasizes educational elements.25 In this study, we
present the iterative testing method and design of a Chla-
mydia education game called ‘‘Neighborhood.’’

Game-based health interventions for STIs

Examples of STI interventions include partner notifica-
tion, screening programs, and school programs.11 Of these

examples, school health programs may be the most cost-
effective prevention program to reduce the risk of STIs.26

Curricula that disseminate knowledge through small-group
discussions, videos, interactive exercises, and skill-building
activities have been shown to be effective STI prevention
interventions.27 Games may be a reasonable alternative or
complementary intervention as students are already familiar
with the medium and the barrier to engagement is low.

Several games have previously been developed for STI
interventions, utilizing the game environment to educate
students by presenting them with scenarios similar to real life.
Downs et al.28 developed an interactive video intervention
and conducted an RCT with 300 adolescent girls. Participants
showed (1) increased academic knowledge about STIs and (2)
reduced reported risky behavior and STI acquisition. Miller
et al.14,20 designed a 3D storytelling game and conducted a 6-
month RCT with 876 participants.19 Participants revealed
shame reduction and cognitive variable increase (intention,
self-efficacy, and consideration of future consequences, all
had P values <0.01) after playing the game.19 Chu et al.18

developed a game and found moderate improvement in 788
participants’ safe sex knowledge after play. Guana et al.17

created a game, which rather than promoting behavioral
change or awareness, showed STIs as bacteria and taught
players about the diseases at a biological and chemical level.
However, Guana et al.’s17 work lacked in-depth evaluation of
the effectiveness of their game.

When evaluating an intervention intended to change be-
havior, self-efficacy has been shown to be a key prerequi-
site.29 Miller et al.15,20 explored the idea of increasing self-
efficacy by incorporating observational and procedural
learning into SOLVE. Their work argued that decisions
made in a virtual environment with appropriate feedback can
alter players’ risky decision-making patterns.20 Such an ap-
proach can be translated directly from HIV in SOLVE to
Chlamydia in ‘‘Neighborhood.’’ Both deal with similar
hidden and shame-filled aspects, as well as participants’ lack
of general knowledge about the specific ways that the disease
spreads. Furthermore, both support similar testing of par-
ticipants’ knowledge development, self-efficacy, and moti-
vation to take action regarding testing and treatment.

Furthermore, while Downs et al., Chu et al., and Miller et al.
have each shown the efficacy of a game-based intervention in a
laboratory setting, it is unclear whether such interventions
would be effective at engaging or retaining players in the
general public as engagement and retention were not studied as
part of their evaluations. None of these projects focused on
engagement as part of the design or development process, as we
advocate herein. Tennyson and Jorczak’s interactive cognitive
complexity model proposed that a participant’s affective (i.e.,
motivation and attitude) and cognitive (i.e., memory, knowl-
edge base, and executive control) processes interact with sen-
sory information from educational content to enhance
knowledge.30 Malone emphasized the importance of intrinsic
motivation and designing different play activities to promote
deep learning and behavioral change.31 These and others have
shown that measuring engagement is critical to evaluation of a
game-based educational tool due to its impact upon learning.
Thus, the ‘‘Neighborhood’’ design and evaluation extended
previous methods for designing health-based games by incor-
porating engagement into the formative and summative eval-
uation at each iterative step.
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Materials and Methods

The ‘‘Neighborhood’’ game

We developed a game called ‘‘Neighborhood’’ (Fig. 1).
‘‘Neighborhood’’ serves as an alternate reality, social sim-
ulation board game, which mirrors students’ life during
summer break. It offers a chance to engage in social situa-
tions, safer sex practices (use of a condom), and disease
testing activities; between rounds of play, participants’
knowledge about Chlamydia is tested through trivia ques-
tions. Table 1 describes the characteristics of the game in
greater detail. A video of the gameplay is available at https://
www.youtube.com/watch?v=wKrpvd2MVY4 During game-
play, players may be infected with Chlamydia; as in real life,
these individuals may not be aware of their infection. Thus, to
reduce personal (and partner) risk, we advise that participants
routinely get tested, which is an option available to partici-
pants throughout the game.

The game is played in several turns, each of which in-
cludes three different phases (Fig. 2). During each of these
turns, participants can choose to perform activities in one of
several stations. The goal is to show participants how com-
municable diseases can spread within a population and from
person to person.

At the start of the game, participants receive a randomly
assigned, undisclosed Chlamydia status (infected or not).
After each round, participants’ Chlamydia status (and
knowledge of their status) may change based on several
factors: (1) getting tested and/or treated, (2) partner inter-
actions, represented in the game as a high five, and (3)
condom use (or nonuse) during such interactions. If infected
participants do not choose to go to the clinic or get tested,
they may infect others unknowingly since Chlamydia status
is hidden until testing.

Points in the game are distributed based on specific health
behaviors undertaken at each station, such as engaging in
activities at the park station, making friends in the party
station, or answering questions correctly at the community
center station. Participants can also earn points by answering
questions correctly during the trivia phase of each round.
However, points are lost (sometimes without the player’s
knowledge) when a participant acquires Chlamydia, goes
without treatment, or infects others. It is important to note
that participants must decide where to spend their time during
each round to maximize their points; for example, the clinic
allows them to get tested, but they miss out on the collection of
points from other stations. At the end of the game, a facilita-
tor calculates and announces participants’ points; the winner is
the player who earned the most net points (most positive and
least negative).

Study design

Prototypes and playtesting have been noted as critical
components to the design of good games.32 To develop and
balance a game that fulfilled our educational goals, we formu-
lated a study that comprised three stages. We began with a
prototype, and then used an iterative testing, evaluation, and
refinement process to improve the game before the final play-
testing stage. In each of these stages, we used several validated
measures to improve the game. We targeted both engagement
and learning as integrated pieces of the game evaluation.
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Table 1. Characteristics of ‘‘Neighborhood’’ Game

Characteristic Description

General game characteristics
Health topics Knowledge and attitude toward STIs, especially Chlamydia
Target age group 13–24 years old
Other targeted group characteristics Underserved and high-risk youth in Boston
Short description of game idea The ‘‘Neighborhood’’ game is a mixed (mixes the physical and virtual)

alternate reality social board game. It has a digital scoring board; its
mechanics and scoring system were designed to teach students how
Chlamydia can be prevented when all members work together to raise
awareness, ensure engagement in condom use and other forms of safe
sex practices, get tested, and (when necessary) receive proper treatment.
The game is played with a group of 7–24 people led by 1–2 facilitators
(educator). Engaging in the gameplay process allows students to learn
the effect of their actions on themselves and the community.

Target players: U Small group
Guiding knowledge or behavior

change theory(ies), models, or
conceptual framework(s):

Tennyson and Jorczak’s interactive cognitive complexity mode and Theory
of Planned Behavior—The game focuses on changing knowledge,
beliefs, and attitudes around Chlamydia and to eventually influence
intentions to get tested for Chlamydia if necessary.

Indented health behavior changes: Raise awareness and motivate early testing of STIs, specially Chlamydia,
among youth

Knowledge elements to be learned: Basic Chlamydia-related knowledge and consequence of good and bad sex-
related decisions.

Behavior change procedure: Experiential learning: the players take the role of a student who will get
Chlamydia if he/she is not careful enough; they will experience the
situation to make sex-related decision, clinic decision, and the conse-
quence of their decisions to themselves even to the community.

Clinical or parental support
needed? (please specify):

No

Data shared with parents or
clinician:

,Yes U No

Type of game: ,Active ,Action ,Adventure U Role-playing U Sports U Casual
U Educational ,Other:

Story(if any)
Synopsis (including story arc): Players each play the role of a student on a summer break. In the game,

they could (1) go to a party to make relationship with others; (2) compete
with peers in a park to do sports challenges; (3) go to the Community
Center to learn Chlamydia knowledge; (4) go for a test even treatment at
‘‘Clinic Center’’; and (5) set up a relationship with others.

How the story relates to targeted
behavior change:

All decisions the student makes

Game components
Player’s game goal/objectives: Players of ‘‘Neighborhood’’ game should earn as much points as possible to

win the game.
Rules Points in the game are distributed based on partaking in specific health

behaviors, such as participating in activities at the park station, making
friends in the party station, and answering questions correctly at the
community center station and during the trivia phase of each round.
However, points are lost when a participant acquires Chlamydia or
infects others. It is important to note that participants have to make
decisions about where to spend their time during each round; for
example, the clinic allows them to get tested, but they miss out on the
collection of points from other stations. Participants will be punished (get
negative points) if they transmitted the disease or left it untreated. By the
end of this game, a facilitator calculates participants’ points; points are
announced as well as the winner of the game.

Game mechanics:
Procedure to generalize or transfer

what is learned in the game
to outside of the game:

Procedural rhetoric or the idea that the player of the game is part of the
message of the game.

Virtual environment
Setting(describe) NA

(continued)
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Stage 1. The primary purpose of the first stage was to
test the game’s usability and engagement33 (basic measures
used in commercial game design). After this first stage, the
requirements could be refined. For these early-stage tests, we
combined several approaches. To test usability, we em-
ployed qualitative observations of play sessions to identify
confusion or points where participants asked procedural
questions about the game. To understand engagement, we
utilized the Intrinsic Motivation Inventory34,35 developed
through Self-Determination Theory.36 This theory ties game
design to players’ motivation; its application in educational
and health-related games has shown the significant effect of
player engagement on knowledge retention and positive
outcomes.9 We used other measures as well, including the
Game Expertise Questionnaire, which involved the game
playing habits of the participants, and the Time Use Sur-
vey,37 which allowed participants to report how they used
their time in general. Thus, in summary, we used the fol-
lowing measures:

� Observation and play notes to measure usability
� Self-Determination Theory’s Intrinsic Motivation In-

ventory to measure motivation
� Game Expertise Questionnaire to measure game habits

and interests
� Time Use Survey to measure lifestyle and routines

during a typical day

Information about participants’ motivations, interests, and
habits allowed us to adjust the game to target these qualities.
Observation of gameplay helped us to understand and ad-
dress usability issues with the current prototype.

Stage 2. The goal of the second stage was to refine the
game to achieve its educational objectives within the popula-
tion. This involved more rigorous testing of both learning and
engagement of participants. For this stage, we employed several
measurements, shown in Figure 3, and enumerated as follows:

� For learning:
B Knowledge and Attitude Assessment (KAA)12,38

� For engagement and affect:
B Positive Affect, Negative Affect Scale (PANAS)39

B Player Experience Questionnaire40

B Usability observation and facilitator notes

For this stage, we used a between-subjects experimental
design in which participants either experienced the game-
based intervention or a control lecture, which covered the
same material as the game. Participants were randomly se-
lected from the total group to participate in either the control
or the intervention; however, to have the best possible con-
trol, it was recommended to have a small class setting for the
lecture. Thus, only 7 of the 38 participants were randomly
selected into the control group. We measured learning, en-
gagement, and affective outcomes for each condition. Spe-
cifically, we administered the PANAS and KAA surveys
before and after each session to compare the two interven-
tions. Our goal was to assess the educational utility of the
game relative to a lecture (a standard method used by BPHC,
our funder, to educate and raise awareness about STIs in
classrooms and small-group settings), as well as affect and
engagement measures for each.

We developed the KAA survey by combining (1) knowledge-
testing questions based on the materials disseminated through

Table 1. (Continued)

Characteristic Description

Avatar
Characteristics: NA
Game platforms need to play the game: U Smartphone U Tablet U Computer (The game is a social card game

with an interface for scoring used by the facilitator in each round.)
Sensors used NA
Estimated play time: 35 minutes

NA, Not Applicable; STI, sexually transmitted infection.

FIG. 2. One round of ‘‘Neighborhood’’ game.
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the BPHC website9 and (2) attitude-testing questions modified
from the Monitoring Outcomes of HIV Intervention question-
naire published by University of Texas Southwestern Medical
Center.38 The KAA survey contained 24 questions in total and
was reviewed by the BPHC before use in our experiment.

The PANAS survey39 is a validated instrument to measure
affect. It consists of several words describing different
feelings (positive and negative) that participants are asked to
rate based on their current emotional state. The survey
generates two scores: one for Positive Affect (PA) and one
for Negative Affect (NA).

To measure participants’ engagement, we used Downs
et al.’s player experience scale.40 Compared with other game
experience questionnaires (e.g., Brockmyer et al.41), this
survey has the versatility to capture player experience during
a physical multiplayer game, such as ‘‘Neighborhood’’. It
contains questions about players’ emotion during play (en-
joyment and mood) as well as active engagement levels
(game engagement, social engagement, and participation).

We also collected qualitative notes on usability during
play, as we did for Stage 1.

Stage 3. At the final stage, we conducted a summative
evaluation (rather than the formative evaluation done in earlier
stages). The summative evaluation assessment goals were to
investigate whether (1) the game disseminated knowledge
about Chlamydia effectively, (2) participants exhibited greater
willingness to get tested for Chlamydia, use condoms, and pay
more attention to personal risks and environmental factors
associated with Chlamydia after playing the game than before,
(3) participants’ affect influenced learning outcomes, (4) par-
ticipants were engaged in the game, and (5) participants’ en-
gagement in the game affected the learning outcomes.

Therefore, in this stage, we again made use of the evalu-
ation measures described in Stage 2. In addition to the KAA,
which represents a relatively objective aspect of participants’
learning, we also introduced a Self-reported Learning ques-
tionnaire extracted from Fu’s E-Gameflow Scale42 in this
stage. This survey gauged players’ subjective opinion of
their knowledge improvement through the game. A high
score in the Self-reported Learning subcomponents would
indicate that the participant believes he or she is learning
while engaged in the intervention.

Participants

Our study procedures were approved by the Institutional
Review Board (IRB) at Northeastern University. We re-
cruited a total of 88 participants over all stages of the study.
In Stages 1 and 2, we recruited 32 (12 females) and 38 (19
females) participants, respectively, from Whittier Street
Community Center, Boston Glass, EMK Academy and
Grove Hall Community Center. In Stage 2, 7 participants (3
females) were randomly assigned to the control group from
the participant list and the final 31 participants (16 females)
were assigned to the intervention (game) group. In the final
stage, we recruited 18 (13 females) participants through
Whittier Street Community Center (Boston). A signed con-
sent was obtained, in person, from participants recruited for
this study. Participants came to the abovementioned health
centers where they participated in the experiment for a total
of 70 minutes; 35 were devoted to the play session, 15 to
pretest, and 20 to the post-test assessment.

Data collection and variable extraction

In Stage 2, data from two participants in the intervention
group were incomplete and were thus deleted before analy-
sis, which made a total of n = 29 for the intervention group. In
Stage 3, 1 participant’s data were deleted for the same reason
and thus n = 17.

We extracted 22 and 23 variables and from the instruments
used in Stage 2 and Stage 3, respectively; we examined each
in depth. Table 2 describes how each variable was calculated.
Note that variables marked with * have both a pre- and
postintervention component (e.g., preknowledge and post-
knowledge).

Data analysis

To compare pre- and postgame scores for each participant,
we used the nonparametric paired Wilcoxon signed rank test.
We also used Spearman’s q to calculate the correlation be-
tween variables to determine the relationship between these
variables and the transfer of knowledge intended by the in-
tervention. Note that we used multiple comparisons during
the analysis of these results and, as such, used a Bonferroni
correction to determine the significance of differences.

FIG. 3. The procedure of Stage 2.

210 JIANG ET AL.



Results

Stage 1 results

Usability testing in Stage 1 indicated that (1) the trivia
phase was the most valuable part of this game for engaging
participants and fostering learning; (2) timing in the game
was unbalanced, for example, the activity in the clinic station
took more time than activities in other stations, leaving some
participants waiting and inviting distraction; and (3) the goal
of the game was unclear to players. The surveys regarding
time use, intrinsic motivation, and game preference helped
us understand our participants. Figure 4a shows that 58% of
participants reported being motivated by competence—that
is, feeling efficient, effective, and masterful in one’s envi-
ronment.37 Thus, activities/games providing a strong sense

of competence may be more attractive to players. Further-
more, Figure 4b shows their five favorite games.

The Time Use Survey37 revealed that five participants
spent more than 10 hours playing games per week. Fur-
thermore, we found that boys among our participants en-
joyed sports after school, while girls engaged in social
activities. This provided guidance for the redesign of activ-
ities at the park station and party station.

These results helped us refine the game in preparation for
further testing in Stage 2. These refinements were focused
upon four distinct areas: (1) maximizing the educational
value of trivia phase by adding more questions; (2) reducing
the participants’ waiting/distraction time by streamlining
activity at the clinic station and during the high five phase;
(3) adding activities during the station phase to satisfy

FIG. 4. Target group’s (a) intrinsic motivation, (b) game preference.

Table 2. Variable Calculation

Instrument Score Variable Stage

Knowledge and
Attitude Assessment

Sum of scores on knowledge questions Knowledge* 2 and 3
Sum of questions involving participant’s appraisal

of personal risk of Chlamydia
Appraisal of personal risk* 2 and 3

Single question involving participant’s problem
hierarchy for Chlamydia

Problem hierarchy* 2 and 3

Sum of scores on questions involving intent to get
tested for Chlamydia

Testing intent* 2 and 3

Sum of scores on condom use questions Condom attitude* 2 and 3
Sum of scores on familiarity of environment

facilitator questions
Environmental facilitator* 2 and 3

PANAS Sum of scores on 10 positive affects Positive affect* 2 and 3
Sum of score on 10 negative affects Negative affect* 2 and 3

Self-reported Learning Sum of score on participant’s subjective opinion
on game’s educational function

Self-reported learning 3

Game Score Rank the participants based on their game score Game rank 2 and 3

Player Experience
Questionnaire

Sum of scores on game enjoyment questions Game enjoyment 2 and 3
Sum of scores on 2 good mood subscale questions

minus sum of scores on 3 bad mood subscale
questions.

Game mood 2 and 3

Sum of scores on game engagement questions Game engagement 2 and 3
Sum of scores on social engagement questions Social engagement 2 and 3
Sum of scores on Game Participation questions Participation 2 and 3

Variables marked with * have both a pre- and postintervention component (e.g., preknowledge and postknowledge).
PANAS, Positive Affect, Negative Affect Scale.
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intrinsic competence needs; and (4) clarifying the goal of the
game for participants.

Stage 2 results

Analyses of data collected in Stage 2 showed that partic-
ipants’ overall knowledge about Chlamydia significantly
increased in the game intervention group from pre to post
(P = 0.0002). Participants in the control group did not show
a significant increase (P > 0.05) (Fig. 5a). Moreover, there
was only a numerical (not a statistically significant) im-
provement in participants’ intention to get tested for both
groups (Fig. 5b).

The PANAS showed that the intervention group increased
in PA from pre to post (P = 0.02), while the control group did
not (P = 0.26).

To test our assumption that game engagement would
positively affect knowledge gained, we performed correla-
tion tests between participants’ game experience (taken from
Downs et al.’s player experience scale40) and knowledge
acquisition. We found no significant correlations. Descriptive
statistics from the game experience questionnaire are shown
in Table 3.

We also gathered usability notes during play. Facilitators
noted that streamlining the clinic station and high five phase
reduced the time balance problem considerably. However,
another time balance problem emerged during this stage,
centering on point distribution: tracking the undisclosed-to-
participants Chlamydia status and awarding points at each
phase once again caused a bottleneck in gameplay. Further
notes revealed that participants engaged in two distinct pro-
cesses: learning and exploring. The game failed to properly
incentivize learning over other behaviors. Above all, we have
found that the game did not properly target system learning.

Stage 3 results

In Stage 3, we removed the lecture component in favor of
greater statistical power to examine the pre/posteffects of the
game intervention. Figure 6a shows that participants’ post-
game knowledge of Chlamydia is significantly greater than
their pregame knowledge (P = 0.003). This is consistent with
results from Stage 2.

Additionally, we collected players’ self-reported feelings
about their own learning during play in this stage. As a
group, the participants in this phase indicated the following
from the questionnaire (on a scale 0–5, with 0 indicating
strong disagreement and 5 indicating strong agreement):

� ‘‘The game has increased my knowledge’’ (mean =
4.72, SD = 0.46)

� ‘‘I catch the basic ideas’’ (mean = 4.61, SD = 0.78)
� ‘‘I tried to apply the knowledge in the game’’

(mean = 4.28, SD = 1.02)
� ‘‘The game motivates me to integrate the knowledge

taught’’ (mean = 4.5, SD = 0.62)
� ‘‘I want to know more about what was taught’’

(mean = 3.83, SD = 1.04)

Participants’ intention to be tested for Chlamydia in-
creased significantly from pre to post (P = 0.004), as shown
in Figure 6b.

Participants’ affect, as measured by the PANAS, did not
significantly change from pre- to post-gameplay (P > 0.05 for
each). However, there was a significant increase in the in-
terested mood of participants (P = 0.02) when we examined
each mood component separately.

Descriptive statistics of participants’ overall game expe-
rience in this stage is shown in Table 4. When compared with
Stage 2 results, participants demonstrated higher levels of
Game Engagement, Social Engagement, and Participation.
However, this group of participants reported lower levels of
overall mood compared with those of Stage 2’s game group.

We also correlated learning effectiveness with other var-
iables to investigate which other factors may be related to the
educational component of the game. As Table 5 shows, two
of these correlations were significant: pre-PA (positively)
and postproblem hierarchy (negatively). See the Discussion
and Limitations section for further details.

We also examined the relationship between other variables
and the Self-reported Learning score—that is, what factors
may be related to participants feeling that they learned

Table 3. Game Experience in Stage 2

Game experience Mean SD
95% confidence

Interval

Enjoyment 4.98 1.42 –0.53
Mood 5.61 1.09 –0.40
Game engagement 3.42 1.78 –0.66
Social engagement 4.09 1.64 –0.61
Participation 5.00 2.00 –0.74

FIG. 5. Comparison between intervention and control groups’ (a) knowledge of Chlamydia, (b) intention for test of Stage 2.
***p < 0.01.
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something during the game, regardless of the outcome. Ta-
ble 5 shows variables that significantly positively correlated
with Self-reported Learning score. These are all engagement
variables such as enjoyment, mood, game engagement, social
engagement, and participation (all from Downs et al.’s player
experience scale40).

Discussion and Limitations

Main contribution of this work: an iterative design
approach based on engagement and learning

The final version of the intervention was significantly
improved from the initial prototype. Through iterative design
and testing, we targeted specific aspects of the game that
influence players’ learning and game engagement. The
evaluation performed in Stage 1 helped us to identify one
major time balance problem as well as the elements which
provided the greatest opportunity for educational improve-
ment. The formative experiment in Stage 2 demonstrated our
game’s advantages over a standard (lecture) approach to
disseminating the information. It should be noted, however,
that we did not compare a full class-based approach with the
game-based approach because we feel that this game can be
incorporated as part of a class for ideal engagement and
transfer of information.

One of the most important findings from Stage 2 was that
even though knowledge gain was more significant for the
game than the lecture, the difference in terms of effect size
was very small (as shown in the figure above). This chal-
lenged us to explore ways in which game-based learning

could be more superior and to recommend the incorporation
of system learning into this intervention, as discussed in the
games for learning literature.43 This key contribution of the
study led us to make several useful changes to the game
design. Thus, the final version targeted systems learning with
balanced rules and a more challenging activity.

Knowledge and attitude change

From the significant positive change in overall knowledge
across participants both in Stage 2’s intervention group and
Stage 3 (Figs. 5a and 6a), we can conclude that our game was
an effective intervention with regard to increasing partici-
pants’ knowledge of Chlamydia. As this is the primary un-
derlying purpose of the trivia questions and overall game, we
are not surprised to find this result. Furthermore, as the
control group in Stage 2 showed no significant knowledge
gain, we can conclude that our game intervention was more
effective in educating students about Chlamydia than a tra-
ditional lecture method.

Moreover, we were surprised to find that the final version
of the game promoted a detectable attitude change in such a
small group. Figure 6b shows this to be the case, with a
significantly higher intent to test for Chlamydia in partici-
pants after the game than before. However, as shown in
Figure 5b, neither the intervention group nor the control in
Stage 2 showed a significant attitude change. This suggests
that the improvements made in the third iteration of the game
engaged participants’ attitudes. This is notable as the game
was designed to target systems thinking, emphasizing the
importance of testing and fostered learning.

In both Stages 2 and 3, several attitude measures showed
no significant change during play. These included attitudes
toward the use of condoms, appraisal of personal risk,
problem hierarchy, and environmental barriers. This lack of
change in some attitude measures may simply be a reflection
of the small sample size of this study or an indication of
future opportunities for game improvement.

Game experience and mood

In Stage 2, our analyses showed that participants in the
intervention group had significantly higher positive mood
after their participation, compared with the control group. In

Table 4. Game Experience in Stage 3

Game experience
Mean

(max = 7) SD
95% confidence

interval

Enjoyment 4.76 1.28 –0.61
Mood** 5.29 0.97 –0.46
Game engagement*** 3.99 1.19 –0.57
Social engagement*** 4.15 1.04 –0.49
Participation*** 5.24 1.30 –0.62

Statistically significant compared with variables in Stage 2:
**P < 0.05, ***P < 0.01.

FIG. 6. Pre- and post- (a) knowledge and (b) intention for test of Chlamydia in Stage 3. ***p < 0.01.
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Stage 3, by contrast, only participants’ interest showed a
significant increase. This may be due to the small sample size
or to a ceiling effect of the other subcategories of positive
mood.

Regardless, participants clearly enjoyed the game, rating
their game enjoyment and mood during play high in both
Stages 2 and 3. Thus, we can conclude that the game suc-
cessfully encouraged participants to engage in most game
activities by implementing proper game design strategies
leading to enjoyment. In Stage 3, results show that partici-
pants’ 3 most highly rated game experiences were Game
Engagement, Social Engagement, and Participation. These
findings guided the final changes we made to tailor the game
to our target population.

Self-reported learning

In the final stage, participants reported feeling that they
learned a great deal. This is positive as participants who feel
that they learned a lot often have a more enjoyable educa-
tional gaming experience. Indeed, our group showed positive
correlations between self-reported learning and game en-
joyment, good mood, social engagement, and participation
(Table 5). This suggests that participants who enjoyed the
game (1) engaged more with other participants and (2) par-
ticipated more in the game activity than those who did not
enjoy the game.

However, it is important to note that we found no signif-
icant correlation between participants’ self-reported learning
and their actual knowledge attainment. This suggests that the
participants who feel that they are learning the most are not
necessarily correct. This may also be partially due to a
ceiling effect (i.e., participants’ self-reported learning could
not change much in the positive direction), however, as the
overall Self-reported Learning score is quite high (and var-
iance is relatively low) compared with knowledge score.

Learning effectiveness mediated by affect

Results of Stage 3 indicated that the learning effectiveness
of the game is highly positively correlated with positive
mood before play, as noted in Table 5. Game facilitators
during the study also reported this relationship; ‘‘the par-
ticipants who seem enthusiastic/interested/excited perform
with more concentration in the trivia phase.’’ This suggests
that participants who are more upbeat before the activity are
more willing to take in and retain information during the
activity.

The negative correlation between learning effectiveness
and postgame problem hierarchy was surprising; however,
one possible explanation is that participants were less afraid
of Chlamydia when they understood the knowledge being
conveyed. The game provided a relaxing and safe environ-
ment to learn about the nonfatal disease, Chlamydia. This
may simply indicate that our game successfully conveyed the
idea that Chlamydia can be treated by one dose of antibiotics.

Limitations of this study

The data presented herein represent a small sample
(n = 88) of a very specific population (underserved and high-
risk youth in Boston). This small sample size limits the
generalizability of results from the research and may lead to
some population bias especially when we conduct an RCT.
While we believe that these results are useful and relevant to
the population studied, we have no way of knowing whether
they would continue to hold true for other populations. Thus,
more work is needed to replicate these results. Furthermore,
our quantitative data were obtained from surveys, which
were self-reported, and thus are limited. Finally, in our dis-
cussion, we presented some possible causes for observed
correlations between our data. However, we did not have the
power to create statistically significant predictive models
indicating causal relationships. This is a goal for future re-
search.

Conclusion

In conclusion, through an iterative design and testing
method that combined learning and engagement with for-
mative and summative evaluation methods, we have suc-
cessfully developed an engaging game that disseminates
knowledge about Chlamydia and encourages participants to
get tested. Our game involves social interactions that urge
players to work as a group to control the spread of disease.
The repercussions of individual actions during the game,
designed to simulate the spread of the disease, taught players
to think carefully about the sexual health-related choices
they will be making in later game turns and in life. Even
though the intervention is nondigital, the dissemination of
knowledge was facilitated due to the game’s self-contained
and easy-to-replicate nature (a simulation-driven card game).

Although the study is limited due to the small sample of
(n = 88) participants distributed across multiple stages and
game versions, we were able to show some significant
quantitative results and introduce methods that contribute
to the growing body of literature in games for health. We

Table 5. Correlations Between Learning Effectiveness, Self-Reported (SR) Learning,

and Other Variables in Stage 3

Prepositive affect Postproblem hierarchy SR learning Game rank

Learning effectiveness 0.52** -0.54** -0.1 -0.16

Enjoyment Mood
Game

engagement
Social

engagement Participation

SR learning 0.58*** 0.5** 0.44* 0.58** 0.52**

*P < 0.1, **P < 0.05, ***P < 0.01.
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specifically argued for, and showed the importance of, uti-
lizing an iterative design method to produce better results
(i.e., better engagement and educational outcomes). The
game was refined according to intermediate assessments and
finally evaluated in its third version. Our results also showed
that the final game is self-motivating and participants enjoy
joining in the game’s activities (answering questions, com-
peting at the park station, giving a partner a high five, etc.).
The correlations we found through these studies offer guid-
ance for our future research and for other researchers that
intend to develop educational games in this or other areas.

The next step of our study includes the transfer of
‘‘Neighborhood’’ to a digital version that can be dissemi-
nated within the Boston public health and community cen-
ters. In the development of the digital version, we intend to
continue our methodological focus on engagement, affect,
and motivation, as well as learning. We also intend to
strengthen our methodology through a more fully developed
qualitative component to measure engagement and connec-
tions made during learning as these have proven to be critical
contributions to our present study.
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