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Abstract

Background: Alternative forms of cigarettes, such as electronic cigarettes (e-cigarettes), are becoming increasingly common
among adolescents. Many high schools now provide smoking-prevention education in an attempt to minimize the potential
negative health effects and illness burdens e-cigarettes may induce in adolescents. However, it is often difficult to motivate young
students to engage with traditional education regarding the harmful effects of tobacco; thus, the development of alternative
approaches may be required.

Objective: In this study, we aimed to conduct an acceptability evaluation of educational virtual reality games designed to support
smoking-prevention measures. We based the acceptability evaluation on the following two experience types: game-playing and
content-learning experiences. The paths by which these experience types affect the intention to abstain from smoking were also
examined.

Methods: We applied a prospective observational study design. We developed educational games based on three-dimensional
virtual reality technology, in which participants operated joysticks to complete challenge tasks. To increase the possibility of the
games fostering motivation to abstain from smoking, the ARCS motivational model (comprising attention, relevance, confidence,
and satisfaction) was used as a framework during the games’ design. We measured the participants’ game-playing experiences
by inquiring about the strength of the ARCS elements; content-learning experiences were measured using overall knowledge
improvement and the perceived persuasiveness of the content. A total of 130 students participated in the program. Study hypotheses
for this evaluation were derived from a literature review. We used partial least squares structural equation modeling to examine
the proposed hypotheses.

Results: Based on the responses of the students to questionnaire items concerning attention, relevance, confidence, and satisfaction
in the context of the games, most students agreed or strongly agreed that the educational games were motivational, and that their
game-playing experiences were positive. Regarding content-learning experiences, there was a significant improvement in
knowledge (t129=25.67, P<.001), and most students perceived themselves as being persuaded to abstain from smoking. Attention,
relevance, and satisfaction significantly influenced perceived persuasiveness (t=3.19, P<.001; t=4.28, P<.001; and t=3.49, P<.001,
respectively); however, confidence did not (t=0.42, P=.67). Perceived persuasiveness, relevance, and satisfaction significantly
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influenced the intention to abstain from smoking (t=3.57, P<.001). In addition to directly affecting the intention to abstain from
smoking, indirect effects were observed from both relevance and satisfaction to intention via perceived persuasiveness (t=2.87,
P=.004 and t=2.11, P=.04, respectively). However, intention was not significantly influenced by knowledge improvement.

Conclusions: Our findings revealed that the educational games were positively accepted by the participating students. This
indicates that the integration of the ARCS framework and persuasive strategies is applicable for smoking-prevention education.
We recommend that the games be included as teaching materials for smoking-prevention education.

(J Med Internet Res 2021;23(9):e28037) doi: 10.2196/28037
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Introduction

Smoking causes approximately 7 million deaths worldwide
annually and is commonly associated with noncommunicable
diseases and disability [1]. Thus, smoking causes great harm to
human health, and it can have particularly pronounced adverse
effects among adolescents. Adolescence is a developmental
stage, and engaging in smoking during this period can impair
brain development [2]. In addition, adolescents can be prone to
early nicotine dependence symptoms, which can increase the
likelihood that they will be addicted to smoking in adulthood
[3].

According to the World Health Organization’s Framework
Convention on Tobacco Control, it is important to promote and
strengthen education and public awareness regarding the harms
associated with tobacco [4]. In recent years, the prevalence of
electronic cigarette (e-cigarette) use on campuses has rapidly
increased; this is occurring despite the fact that there are many
unanswered questions regarding the safety of e-cigarettes, such
as whether they represent a less-harmful substitute for traditional
cigarettes [5]. Further, their effectiveness as a means of
facilitating smoking cessation and their overall impact on health,
especially among adolescents, are also unclear [5]. Implementing
e-cigarette–prevention measures in schools could help to
minimize the potential negative health effects and illness
burdens e-cigarettes may induce in adolescents. One of the most
important school-based e-cigarette–prevention efforts is
educating young students regarding the toxic exposure, potential
risks, and health effects associated with e-cigarettes [6].
However, it is often difficult to motivate young students to
engage with traditional education regarding the harms associated
with tobacco; thus, the development of alternative approaches,
such as educational games, may be more effective in this regard.

The use of games for health promotion and illness prevention
is becoming increasingly common, and previous studies have
revealed that gaming-based approaches can promote health
behaviors among adolescents [7]. In the context of education,
game-based learning (GBL) can be a practical and effective
approach. Recently, immersive virtual reality (VR) has been
introduced as a medium for learning and teaching, and has had
a considerable influence in this regard [8]. Immersive VR allows
users to perform actions in a virtual environment and provides
opportunities for contextual practice [8]. Notably, conducting
GBL through immersive VR enables situational learning, with
learners using devices, such as helmets and joysticks, to observe
and interact with virtual educational scenes [9,10]. Its

characteristic of providing an interactive learning environment
means this approach could increase learners’ engagement with
the content. This is notable because researchers have suggested
that a lack of engagement may undermine learning effectiveness
[11]. Further, studies have found that it is important to present
engaging content as early as possible, and educational games
quickly engage young students [12]. Enhancing engagement
may increase the likelihood of favorable learning outcomes in
which learners develop sufficient motivation to perform the
target behavior [13]. This indicates that educational games may
be an effective alternative option or supplementary material for
smoking-prevention courses in schools.

In Taiwan, health education is a compulsory subject for high
school students, and smoking prevention is one of the mandated
learning contents stipulated in the national basic K-12 education
curriculum [14]. The present researchers developed VR games
to function as supplementary material for smoking-prevention
education. School teachers may integrate these games into health
education in a manner that suits their students and
circumstances. Despite the potential benefits of educational
games, the acceptability of educational VR games remains an
underresearched area. Consequently, this study concerns an
acceptability evaluation of educational VR games for smoking
prevention, rather than an evaluation of the effectiveness of
including VR games as part of a smoking-prevention program.
Enhancing the understanding of the acceptability of VR games
in this regard could help improve the design of such games and
learners’ engagement, thereby increasing the effectiveness of
the education.

In this study, we based the acceptability evaluation on the
following two experience types: game-playing and
content-learning experiences. We derived measures of
game-playing experiences from Keller’s ARCS (attention,
relevance, confidence, and satisfaction) motivation model [15].
To achieve effective learning, motivating learners is an
important first step; however, scholars have suggested that
motivation is unpredictable and changeable [16]. Thus, a
systematic method of identifying motivation is essential for
enhancing learning effectiveness. The ARCS motivation model
provides a framework for understanding motivation. According
to the ARCS model, learners who experience attention,
relevance, confidence, and satisfaction through a learning
process are likely to be motivated in regard to the educational
content in question [17,18]. Therefore, in this study, we applied
the ARCS model to assess students’game-playing experiences.
We expected students to be motivated by playing the games,
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and sought to determine their game-playing experiences through
ARCS assessment.

Content-learning experiences are defined as the knowledge
obtained from educational material and the perceived
persuasiveness of educational material. Behavioral knowledge
is essential for behavior changes; without proper knowledge
and guidance, it can be difficult to adopt a specific behavior
[19]. However, knowledge alone is unlikely to generate behavior
change [20], and a more integrated approach is needed. Thus,
learners’ perceptions of the persuasiveness of content are also
important. The perceived persuasiveness of a system is an
estimation of its ability to motivate behavior change [21].

Persuasive system design includes behavior change strategies
that support learners in attaining the target behavior. The
following four features have been suggested for persuasive
system design: task support (ie, self-monitoring), dialogue
support (ie, positive reinforcement), credibility (ie, conveying
trustworthiness), and social support (ie, provision of social
information) [22]. Scholars have suggested several behavioral
intervention strategies, such as providing information and
instructions to increase learners’ understanding and abilities to
achieve a goal, anticipation of barriers, monitoring and feedback,
social comparison, and rewards [23].

The educational VR games were designed to convey messages
relating to smoking prevention. In this context, effective content
learning should induce, among learners, enhanced knowledge
of smoking prevention and a higher likelihood (through
perceived persuasion) of adopting smoking-prevention
behaviors.

Educational games for health are designed to motivate
individuals to improve their health through implementing
behavior changes. In this study, the target change was
developing an intention to abstain from smoking. Behavioral
intentions have a strong causal impact on behavior [24], and
we expected that strengthening students’ intentions to abstain
from smoking would decrease their risk of adopting smoking

behaviors in the future. Students’ engagement with the games
should produce both game-playing and content-learning
experiences, and these two types of experiences should influence
students’ intentions to abstain from smoking. Based on this, we
proposed the following hypotheses: hypothesis 1 (H1), attention
influences behavioral intention; hypothesis 2 (H2), relevance
influences behavioral intention; hypothesis 3 (H3), confidence
influences behavioral intention; hypothesis 4 (H4), satisfaction
influences behavioral intention; hypothesis 5 (H5), knowledge
influences behavioral intention; and hypothesis 6 (H6),
perceived persuasiveness influences behavioral intention.

Our educational VR games were designed to not only be fun,
but also improve health. They represent digital persuasion agents
that affect learners’ engagement and, hopefully, motivate
learners to change their behaviors. Notably, effective learning
occurs through successful persuasion, which is a product of
positive changes in cognition and attitude [25]. Previous studies
have suggested that engagement with digital technology (in this
study, “game-playing experiences”) impacts the quality of users’
experiences with the technology [26]. Effective game-playing
experiences are necessary to enhance learners’engagement with
the learning process. We propose that game-playing experiences
cause learners to engage with learning content, which
consequently creates a content-learning experience for the
learners. Thus, we developed the following hypotheses regarding
the influence of game-playing experiences on content-learning
experiences: hypothesis 1-1 (H1-1), attention influences
knowledge; hypothesis 1-2 (H1-2), attention influences
perceived persuasiveness; hypothesis 2-1 (H2-1), relevance
influences knowledge; hypothesis 2-2 (H2-2), relevance
influences perceived persuasiveness; hypothesis 3-1 (H3-1),
confidence influences knowledge; hypothesis 3-2 (H3-2),
confidence influences perceived persuasiveness; hypothesis 4-1
(H4-1), satisfaction influences knowledge; and hypothesis 4-2
(H4-2), satisfaction influences perceived persuasiveness. All
the hypotheses of the proposed model are summarized in Figure
1.

Figure 1. The hypotheses of the proposed model.
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Methods

Participants and Recruitment
This study featured a prospective observational study design.
The participating students (1) were high school students, (2)
did not have any major chronic diseases (eg, asthma, heart
disease, and diabetes), (3) were not pregnant, (4) were willing
to comply with verbal instructions, and (5) were able to provide
written informed consent.

We conducted this study among students from a high school in
Taipei City, Taiwan. The research team made an appointment
with the school personnel who were responsible for
implementing smoking-prevention measures on the school
campus. During the meetings, we distributed study information
and discussed with the school personnel potential barriers in
regard to the implementation of the materials. Once a consensus
was reached in regard to the manner by which the materials
would be implemented, the school personnel announced the
research project to students and distributed an information sheet.
Students who were willing to participate were informed by the
school personnel that the research sought to measure students’
responses toward educational games. Participating students
received a small gift as compensation for their contribution to
smoking-prevention research.

Design of the Educational VR Games
We designed the educational VR games to function as
supplementary material for smoking-prevention education. The
theoretical concepts underlying the educational games’ designs
are depicted in Multimedia Appendix 1. We based the games’
designs on the ARCS model of motivation (Multimedia
Appendix 1); this model was developed by Dr John Keller [15],
who designed the model to identify the important contributors
to students’motivation. In addition, we presented the motivating
concepts in the educational games in a manner that allowed
them to correspond with specific persuasive strategies.

The educational VR games included a whack-a-mole game, a
wire loop game, a square baseball game, and a Taiko drum
game. Participating students wore a head-mounted display
(HMD), which enabled them to have immersive experiences
with 3D images. To complete the challenge tasks, the
participants interacted with the virtual environments through
the use of joysticks; they also received in-game guidance from
an avatar.

Measurements
We used questionnaires to collect research data; these data
included the students’ background information, their perceived
acceptability of the VR games, and their intention to abstain
from smoking. The questionnaires were reviewed by four
professionals, including two senior health-education teachers,
one professor of health education, and one professor of nursing.
We used the content validity index (CVI) to evaluate whether
the items were appropriate for measuring the study concepts;
only items with CVI values >0.80 were retained [27]. One item
pertaining to confidence, “I found the games difficult,” was
deleted because of low factor loading (<0.6). This question was
the only reverse-scored item in the questionnaire, which may
have been the reason for the low factor loading.

Background Information and Intention to Abstain From
Smoking
We collected background information for each participant,
including their sex, age, whether they lived with both parents,
their personal smoking experience, and their parents’and peers’
smoking status. We performed the acceptability evaluation by
measuring their game-playing and content-learning experiences.
We expected that these experiences would strengthen the
students’ intention to abstain from smoking. Thus, the primary
outcome of this study was students’ intention to abstain from
smoking, which was measured using two items; these were
scored using a Likert-type scale ranging from 1 (“strongly
disagree”) to 5 (“strongly agree”), with higher scores indicating
higher levels of intention. The study variables, corresponding
items, and convergent validity values are presented in Table 1.
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Table 1. Study variables, corresponding items, and convergent validity.

AVEbCRaFactor loadingCorresponding itemsExperiences and variables

Game-playing experiencesc

0.770.93Attention

0.86The games’ virtual reality scenes were eye-catching.Atten 1

0.87The educational games provoked my curiosity.Atten 2

0.90The interactional elements of the games held my attention.Atten 3

0.88The educational games were fun to play.Atten 4

0.620.87Relevance

0.84The content presented in the games was relevant to my needs.Relev 1

0.66The content presented in the games was relevant to my interests.Relev 2

0.76The content presented in the games was useful to me.Relev 3

0.87I was familiar with the content presented in the games.Relev 4

0.570.80Confidence

0.71I was confident I could complete the tasks in the games.Confi 1

0.70My successes in the games were a result of my own efforts.Confi 2

0.86I could effectively operate the joysticks to interact with the virtual
reality scenes.

Confi 3

0.610.86Satisfaction

0.80I could apply the content conveyed in the games in real life.Satis 1

0.76I benefitted by playing the games.Satis 2

0.82I felt a sense of accomplishment after finishing the tasks in the
games.

Satis 3

0.73I was satisfied with my performance in the games.Satis 4

Content-learning experiencesd

1.001.001.00Fifteen true/false type questions related to smoking prevention were
used to measure knowledge. Improvement was defined as postscore
minus prescore.

Knowledge improvement

0.700.91Perceived persuasiveness

0.82The games enhanced my awareness of smoking prevention.Persu 1

0.81The games enhanced my concern regarding smoking prevention.Persu 2

0.86The games enhanced my understanding of smoking-prevention
methods.

Persu 3

0.86The games enhanced my self-efficacy in regard to practicing
smoking-prevention skills.

Persu 4

0.910.95Intention to abstain from
smoking

0.95The content of the games has made me consider abstaining from
smoking.

Inten 1

0.96In the future, I will abstain from smoking by using the content of
the games as a reference.

Inten 2

aCR: composite reliability. The CR criterion was >0.7 [26].
bAVE: average variance extracted. The AVE criterion was >0.5 [26].
cMotivation concepts were used to measure the game-playing experiences.
dKnowledge improvement and perceived persuasiveness were used to measure the content-learning experiences.
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Acceptability Evaluation: Game-Playing Experiences
We designed the educational games to improve students’
motivation. Therefore, we used motivation concepts (ARCS)
to measure the game-playing experiences. Specifically, this
study intended to examine the educational VR games’
effectiveness as a teaching medium in terms of the games’
ability to focus learners’attention, stimulate learning confidence,
and effectively improve learning satisfaction. We based the
measurement items on existing conceptualizations of the ARCS
motivation model [13]. Attention was defined as follows:
“Students’ attention is directed to the stimuli, and their interest
is maintained over time.” Relevance was defined as follows:
“Students perceive the contents as being related to their real-life
experiences.” Confidence was defined as follows: “Confident
students attribute their successes in the games to their own
ability and efforts.” Satisfaction was defined as follows:
“Students perceived the education as inducing internal feelings
of satisfaction.” We measured each aspect using four items, all
of which were scored using a Likert-type scale ranging from 1
(“strongly disagree”) to 5 (“strongly agree”), with higher scores
indicating higher levels of motivation. Details of the ARCS
measures are shown in Table 1.

Acceptability Evaluation: Content-Learning Experiences
In addition to motivating students through game-playing
experiences, we expected that the educational VR games would,
through content-learning experiences, influence the students’
perspectives of smoking. The strength of the content-learning
experiences was measured by examining knowledge
improvement and perceived persuasiveness.

To measure knowledge improvement, we presented 15
true/false-type questions related to smoking prevention to the
participants. Through administering pretests and posttests, we
determined changes in the participants’ scores between the
pre-experiment and postexperiment periods.

Perceived persuasiveness was defined as students’ awareness
of and concern regarding smoking prevention, as well as their
understanding of and self-efficacy regarding practicing
preventive skills. We used four items to measure perceived
persuasiveness (Table 1), with higher scores indicating higher
levels of perceived persuasiveness.

Data Collection Procedure
This study received approval from the Research Ethics Review
Committee of En Chu Kong Hospital (ECKIRB1090401). All
of the participating students expressed their approval of the
study and provided written informed consent. First, research
staff gave the participants brief instructions regarding the
educational VR games. Then, before playing, students completed
a questionnaire that measured their knowledge of smoking
prevention. The research staff then gave the students guidance
regarding how to use the HMDs and joysticks, which enabled
them to have immersive interactive experiences with 3D images.
Students who agreed to participate in the research received the
educational VR games to be played outside of class. The
students were allowed to play the games freely; there was no
fixed order regarding the games played. It takes about 35 to 45
minutes to complete the educational tasks. Health education is

a compulsory course in Taiwan. Substance use prevention,
including smoking prevention, is one of the required topics of
the course. However, these students did not receive a similar
course during the research. They learned about substance use
prevention during a different semester. Research staff were
present while the students completed the games, but did not
provide any oral instructions. Once the students completed the
educational games, the research staff provided them with a
structured questionnaire that evaluated the acceptability of the
games and their intention to abstain from smoking.

Data Analysis
We performed statistical analysis using SPSS 23.0 (IBM Corp).
The participants’ characteristics were described using numbers
and percentages. Means and standard deviations were used to
represent the variables associated with the games’acceptability.
To examine the proposed hypotheses, we conducted partial least
squares structural equation modeling (PLS-SEM) using the
SmartPLS v3.0 program (SmartPLS GmbH); this approach was
chosen because PLS-SEM is suitable for creating exploratory
models and for research involving small sample sizes [28].
Using parameters with a significance level of .05, a statistical

power of 80%, and an R2 value of at least 0.25, the suggested
sample size was 75 for the maximum number of six arrows
pointing to a latent variable in the model [29]. Thus, a sample
size of 130 in this study was sufficient.

PLS-SEM does not presume that the data are normally
distributed. The process of bootstrapping involves repeated
random sampling with replacement from the original sample to
create a bootstrap sample. Using bootstrapping assumes that
the sample distribution is a reasonable representation of the
intended population distribution. The minimum number of
bootstrap samples is 5000 [28]. The bootstrap sample enables
the estimated path coefficients in PLS-SEM to be tested for
their significance. Significant paths showing the hypothesized
direction empirically supported the proposed relationship.

We conducted PLS-SEM in the following two steps: (1)
assessment of the reliability and validity of the measurement
model, which was used to test the relationships between each
latent variable and its indicators; and (2) assessment of the
structural model, through which estimates were provided for
the path coefficients, which represented the hypothesized
relationships among the latent variables in the proposed model
[30,31].

Measurement Model
We examined the convergent and discriminant validity in order
to verify that the latent variables (the game-playing and
content-learning experiences and intention to abstain from
smoking) were valid and reliable.

Convergent validity can be determined by considering composite
reliability (CR) and average variance extracted (AVE) values.
To meet the convergent validity and reliability requirements
for the model, CR should be greater than 0.7 [32] and AVE
should be greater than 0.5 [28]. We used CR to evaluate the
construct measures’ internal consistency reliability. Using CR
to measure internal consistency reliability meant that the
PLS-SEM could accommodate different indicator reliabilities
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and that the underestimation associated with Cronbach α was
avoided [28]. Meanwhile, AVE indicates the latent variables’
accounted variance from the study measures, and higher AVE
values indicate higher accounted variance.

To establish discriminant validity, we examined the
Fornell-Larcker criterion [28] and the heterotrait-monotrait
(HTMT) [32]. To satisfy the Fornell-Larcker criterion, the
square root of the AVE for each variable should exceed the
correlation of the latent variables [28]. Meanwhile, for the
HTMT, values of <1.00 indicate discriminant validity [32].

Structural Model
PLS-SEM indicates explained variances for the latent variables

through R2 (coefficient of determination), which describes levels
of predictive accuracy. Estimates (β coefficient) were provided
for the path coefficients to indicate the strength of the
relationship between the latent variables [31].

To test the significance of the relationship between the latent
variables, we estimated t values and reported their corresponding
P values [31]. We used the standardized root mean square
residual (SRMR) to test the model’s fit (<0.08 indicates a good
fit [32]).

Results

Participants’ Characteristics
The participants (N=130) comprised 57 (43.8%) male and 73
(56.2%) female students. The mean age of the sample was 16.64
years, and most participants (113/130, 86.9%) were under 17
years of age. Over half (102/130, 78.5%) lived with both parents.
Approximately 20.8% (27/130) of the students had experience
of smoking; this included any tobacco product or e-cigarette.
Over 30% had family members (45/130, 34.6%) and close
friends (41/130, 31.5%) who were smokers (Table 2).

Table 2. Participants’ characteristics (N=130).

ValueCharacteristic

Sex, n (%)

57 (43.8)Male

73 (56.2)Female

16.64 (0.73)Age (years), mean (SD)

Age group (years), n (%)

113 (86.9)≤17

17 (13.1)≥18

Household status, n (%)

102 (78.5)Live with both parents

28 (21.5)Other

Have you ever smoked? (any tobacco product or e-cigarette), n (%)

27 (20.8)Yes

103 (79.2)No

Do any of your family members smoke?, n (%)

45 (34.6)Yes

85 (65.4)No

Do any of your close friends smoke?, n (%)

41 (31.5)Yes

89 (68.5)No

Game-Playing and Content-Learning Experiences
We applied the following two measures to examine the
acceptability of the games: game-playing and content-learning
experiences. Table 3 shows the distribution of ARCS elements
(representing game-playing experiences), knowledge
improvement and perceived persuasiveness (representing
content-learning experiences), and intention to abstain from
smoking (outcome). The item average scores for these variables
(defined as the total score divided by the number of items)
revealed that the participants provided positive responses. The

ARCS-related responses indicated that most students agreed or
strongly agreed that the educational games were motivational.
The item average scores for attention, relevance, confidence,
and satisfaction were all approximately 4 (measured using a
Likert-type scale ranging from 1 to 5; scores for the four
variables ranged from 3.95 to 4.19). There was a significant
improvement in knowledge, with a mean difference of 2.97
between pretest and posttest (t129=25.67, P<.001). Most students
indicated that they were persuaded, with an item average score
of 4.28 points (determined using a Likert-type scale ranging
from 1 to 5).
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Table 3. Descriptive results for the acceptability evaluation and intention to abstain from smoking.

SDSum of mean scoresItem average scoresGame-playing experiences

ARCS

2.7516.764.19Attention (four items)

2.7015.783.95Relevance (four items)

1.8412.084.03Confidence (three items)

2.5216.384.10Satisfaction (four items)

Content-learning experiences

1.392.97bN/AaKnowledge improvement (postscore−prescore)

2.4817.004.25Perceived persuasiveness (four items)

Outcome measure

1.858.364.18Behavioral intention (two items)

aN/A: not applicable.
bMean score for the difference between pretest and posttest.

Measurement Model Assessment
We established the convergent validity of the latent variables
through consideration of CR and AVE. All variables in the
model displayed acceptable internal consistency, as evidenced
by the fact that their CR scores were greater than 0.7 (ranging
from 0.80 to 0.96), and all AVE values were higher than 0.5
(ranging from 0.57 to 0.92). Thus, it was concluded that the
model had satisfactory convergent validity (Table 1). The values
of these indices satisfied the recommended criteria and

suggested that the proposed measurement model was reliable
and valid.

As shown in Tables 4 and 5, we established the discriminative
validity using the Fornell-Larcker criterion and HTMT. The
Fornell-Larcker criterion was satisfied, as the square root of
AVE for each variable exceeded the correlation of the latent
variables. Almost all of the HTMT values were <1.00 [32], with
one of the HTMT values being 1.06, indicating that this criterion
was acceptable.

Table 4. Results for the Fornell-Larcker criterion.

Behavior inten-
tion

Perceived per-
suasiveness

KnowledgeSatisfactionConfidenceRelevanceAttentionVariable

Attention

0.420.660.050.650.590.610.88a,bLatent variable correlation

Relevance

0.490.70−0.030.620.600.790.61Latent variable correlation

Confidence

0.410.620.050.760.760.600.59Latent variable correlation

Satisfaction

0.510.700.010.780.760.620.65Latent variable correlation

Knowledge

0.03−0.011.000.010.05−0.030.05Latent variable correlation

Perceived persuasiveness

0.600.84−0.010.700.620.700.66Latent variable correlation

Behavior intention

0.950.600.030.510.410.490.42Latent variable correlation

aIn SmartPLS output, average variance extracted is calculated and written on the diagonal of the table.
bThere are no P values to provide.
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Table 5. Results for the heterotrait-monotrait ratio of correlations.

Behavior inten-
tion

Perceived per-
suasiveness

KnowledgeSatisfactionConfidenceRelevanceAttentionVariable

Attention

0.460.750.060.760.770.70N/Aa,b,cValue

Relevance

0.560.830.070.740.82N/A0.70Value

Confidence

0.520.830.061.06N/A0.820.77Value

Satisfaction

0.590.840.03N/A1.060.740.76Value

Knowledge

0.030.04N/A0.030.060.070.06Value

Perceived persuasiveness

0.67N/A0.040.840.830.830.75Value

Behavior intention

N/A0.670.030.590.520.560.46Value

aN/A: not applicable.
bThe heterotrait-monotrait ratio is the geometric mean of the heterotrait-heteromethod correlations (ie, the correlations of indicators across constructs)
divided by the average of the monotrait-heteromethod correlations (ie, the correlations of indicators within the same construct).
cThere are no P values to provide.

Structural Model Assessment
The model exhibited adequate correspondence with the data

(SRMR=0.075). To assess the structural model, we used the R2

values and the path coefficients as the essential measures. As
shown in Figure 2, the four latent variables of ARCS (attention,
relevance, confidence, and satisfaction) accounted for 63.7%

of the variance in perceived persuasiveness. However, these
four latent variables accounted for only 1.1% of the variance in
knowledge improvement. Overall, the four latent variables of
ARCS, perceived persuasiveness, and knowledge improvement
accounted for 38.2% of the variance in the intention to abstain
from smoking.

Figure 2. Model for acceptability evaluation of educational virtual reality games.
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Regarding the path analysis, Table 6 lists the path coefficients
and P values for each hypothesis. The results of the hypothesis
test showed that six of the 14 hypotheses were supported. These
six supported hypotheses postulated that the three latent
variables of attention, relevance, and satisfaction significantly
influenced perceived persuasiveness (H1-2: path
coefficient=0.23, t=3.19, P<.001; H2-2: path coefficient=0.35,
t=4.28, P<.001; H4-2: path coefficient=0.31, t=3.49, P<.001).
Only confidence did not influence perceived persuasiveness
(H3-2: path coefficient=0.04, t=0.42, P=.67). In addition,
relevance, satisfaction, and perceived persuasiveness
significantly influenced the intention to abstain from smoking
(H2: path coefficient=0.26, t=2.39, P=.02; H4: path

coefficient=0.34, t=3.07, P=.002; H6: path coefficient=0.45,
t=3.57, P<.001). In contrast, intention was not significantly
influenced by knowledge improvement (H5: path
coefficient=−0.06, t=1.31, P=.19).

In addition to the direct effect on the intention to abstain from
smoking, an indirect effect was observed from relevance to
intention via perceived persuasiveness (indirect effect, t=2.87,
P=.004). Further, another indirect effect was observed from
satisfaction to intention via perceived persuasiveness (indirect
effect, t=2.11, P=.04). Finally, although not directly affecting
the intention to abstain from smoking, attention showed an
indirect effect on intention via perceived persuasiveness (indirect
effect, t=2.16, P=.03).

Table 6. Results of hypothesis tests.

Path supportP valuet
Bootstrapped
coefficient

Original coeffi-
cientHypothesized pathsHypothesis

No.610.510.060.06Attention → behavioral intentionH1

Yes.022.390.260.27Relevance → behavioral intentionH2a

No.680.42−0.04−0.05Confidence → behavioral intentionH3

Yes.0023.070.340.34Satisfaction → behavioral intentionH4a

No.191.31−0.06−0.07Knowledge → behavioral intentionH5

Yes<.0013.570.450.44Perceived persuasiveness → behavioral
intention

H6a

No.440.780.120.13Attention → knowledgeH1-1

Yes<.0013.190.230.22Attention → perceived persuasivenessH1-2a

No.360.92−0.10−0.11Relevance → knowledgeH2-1

Yes<.0014.280.350.35Relevance → perceived persuasivenessH2-2a

No.950.060.010.01Confidence → knowledgeH3-1

No.670.420.040.04Confidence → perceived persuasivenessH3-2

No.620.50−0.09−0.09Satisfaction → knowledgeH4-1

Yes<.0013.490.310.31Satisfaction → perceived persuasivenessH4-2a

aPaths with significant coefficients.

Discussion

Acceptability Evaluation
In this study, we aimed to evaluate the acceptability of
smoking-prevention–focused educational VR games among
high school students. We measured acceptability based on the
following two aspects: game-playing and content-learning
experiences. As motivation is essential for effective learning
[33], we adopted the ARCS motivation model as a framework
for examining the students’ game-playing experiences. Our
findings indicated that the educational games invoked a
noticeable degree of learning motivation. Based on the responses
of the students to the ARCS-related items, most students agreed
or strongly agreed that the educational games were motivational.
Many researchers have applied the ARCS model as a framework
for instructional design, and the efficacy of the ARCS
framework for enhancing students’ motivation has been

validated [34,35]. Further, a previous study supported the
effectiveness of applying the ARCS framework in the context
of learning activities by successfully using it in a randomized
controlled trial [36]; the applicability of the ARCS framework
for new digital technology, such as mobile augmented reality,
has also been proven [37]. Our findings are consistent with
those of previous studies and revealed that the educational games
could function as supplementary material that engages students
and motivates them to learn. The content-learning experiences
included in the games comprised knowledge improvement and
perceived persuasiveness. We found that the students’
knowledge had significantly improved as a result of playing the
VR games. Further, similar to the item average scores for ARCS,
most students agreed or strongly agreed that the games had
persuaded them to improve their attitudes regarding smoking
prevention.

We used persuasive strategies in the design of the
human-computer interactions in the games. Several persuasive
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strategies have been suggested across previous studies [38,39];
however, our findings indicate that strategies concerning
competition, self-awareness, feedback, social comparison, and
reinforcement are effective in the context of smoking prevention
among high school students. Our findings also revealed that the
games’ content-learning experiences were influenced by the
game-playing experiences. Researchers have emphasized that,
to achieve favorable learning outcomes, effective engagement
should be pursued over mere passive engagement [40];
theoretically, the students who played our games were motivated
to learn through ARCS experiences [41]. The ARCS framework
comprises not only instructional approaches to motivate
students, but also preliminary elements of effective content
learning. We expected that motivated students would show
better results in terms of content learning (ie, knowledge
improvement and perceived persuasiveness). The study findings
consequently showed that attention, relevance, and satisfaction
had notable effects on content learning, but confidence did not.
Specifically, for the educational games, students who reported
high levels of attention, relevance, and satisfaction perceived
themselves as being persuaded. Persuasion is a process that
concerns changing or reinforcing attitudes or behaviors [24].
Our educational games were designed to discourage students
from smoking by reinforcing nonsmoking attitudes and
behaviors. In other words, we tried to influence students’
behaviors through messages conveyed in the games. After
playing the games, the students reported increased awareness
of and concern regarding smoking prevention. In addition, their
understanding and self-efficacy in relation to practicing
preventive skills were enhanced.

Our findings revealed that only some of the four aspects of
motivation (ARCS) contribute to perceived persuasiveness,
namely, attention, relevance, and satisfaction. Similar to our
findings, attention and relevance have previously been found
to be associated with overall persuasiveness [21]. Thus, the
present and existing findings imply that, in order to effectively
persuade learners, the inclusion of attention and relevance in
game design should be prioritized. Further, we found that
students who were satisfied with the educational games tended
to be persuaded, indicating that satisfaction should also be
included in future game design. In contrast, confidence was not
an influencing factor; a possible reason for this is that students
felt the game tasks were not very challenging and were easy to
complete. Some students suggested speeding up the games or
increasing the difficulty or number of levels.

The ARCS experiences did not have significant effects on
knowledge improvement. In other words, students’ levels of
knowledge were not influenced by the game-playing
experiences. A possible reason the games nevertheless induced
significant knowledge improvement is that the students received
written materials while they were waiting in line to play the
educational games. Our findings indicate the necessity of
integrating other learning strategies into educational games in
order to obtain knowledge improvement. As the games function
as supplementary material for smoking-prevention education,
game playing alone may not be sufficient to influence
knowledge. Further, there are conflicting findings in the
literature regarding the association among knowledge, positive

attitudes, and intent to take action [42,43]. The structural model
revealed that knowledge improvement does not influence the
intention to abstain from smoking. Consequently, in addition
to knowledge of the hazards of smoking, we recommend, for
future game development, the inclusion of an emphasis on
changing attitudes regarding smoking [44]. However, the gap
between knowledge and behavior intention requires further
study. Knowledge improvement was viewed as a mediator in
the proposed model. Considering knowledge improvement as
parallel to behavioral intention rather than a mediator is an idea
for further studies.

Once a student’s learning motivation is aroused, how does the
level of motivation affect subsequent attitude changes or the
achievement of learning objects? We examined this mechanism
by analyzing the path from ARCS elements to intention to
abstain from smoking. The results revealed that the four aspects
of motivation (ARCS) had different influencing paths to
intention. In addition to directly influencing students’ intention
to abstain from smoking, relevance and satisfaction had indirect
effects on intention via perceived persuasiveness. Although the
level of attention did not directly influence intention, it had an
indirect effect on intention via perceived persuasiveness. These
findings indicate that perceived persuasiveness has mediating
effects on motivation’s influence on intention. To discourage
students from smoking, along with fostering their motivation
to learn, perceived persuasiveness should be taken into
consideration.

Implementation
Future efforts to design educational games should incorporate
theoretical frameworks that can advance the understanding of
the influencing mechanisms for motivation. In this research,
we proposed the integration of the ARCS framework and
persuasive strategies, and the PLS-SEM results consequently
revealed that game-playing experiences that are based on the
ARCS framework have direct effects on persuasiveness. Future
educational game–focused research could adopt this integrative
approach. Second, teaching staff who provide
smoking-prevention education in schools could seek to make
these VR games as accessible for students as possible, such as
through holding activities in fair stalls on school days or during
orientation for first-year students. Interesting games can be used
to increase students’ awareness of smoke-free campus policies
and strengthen students’ commitment to abstain from smoking.
Finally, knowledge alone is unlikely to generate behavioral
intention; thus, designers of smoking-prevention activities
should seek to expand their focus beyond the improvement of
knowledge. In addition, a possible problem with true/false
questions is that respondents can easily guess the correct answer
[45]. Multiple choice questions should be adopted in the future
to measure knowledge.

Limitations
There are several limitations in this study. First, our investigation
of the influencing paths for behavior intention was performed
in the context of smoking prevention (an unhealthy behavior).
While we were certain of the applicability of the ARCS
framework and persuasive strategies to educational games that
focused on such behaviors, the findings may not be fully
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generalizable to contexts concerning healthy behaviors. Thus,
they should be applied with caution. Second, we could not
determine the separate effects of each educational game on
behavioral intention, as the participants’ game-playing
experiences were obtained as a whole, rather than in terms of
each type of game. Third, we could not validate the intervention
effects of the educational games, as no comparison group was
involved. Finally, one of the HTMT values was larger than 1.00.
This implies that two latent constructs may be conceptually
similar. Despite these limitations, this study, which was intended
as an acceptability evaluation, elaborated on the mechanisms
of game-playing and content-learning experiences in the context
of behavior intention. We recommend that this experiment
design be adopted in future endeavors.

Conclusion
In this study, we evaluated the acceptability of educational VR
games for use in smoking-prevention education for high school
students. Our findings revealed that the educational games were
positively accepted by the participating students, and that the
integration of the ARCS framework and persuasive strategies
is an applicable approach for smoking-prevention education.
The ARCS framework was significantly associated with
perceived persuasiveness, and perceived persuasiveness has
direct effects on the intention to abstain from smoking. We
recommend that the games be included as teaching material in
smoking-prevention education.

Acknowledgments
We thank all the study participants for their time and commitment. This research was funded by the K-12 Education Administration,
Ministry of Education, Taiwan, ROC. This article was subsidized by the National Taiwan Normal University, Taiwan, ROC.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Theoretical concepts used in the design of the educational games.
[DOCX File , 3531 KB-Multimedia Appendix 1]

References

1. WHO report on the global tobacco epidemic 2015. World Health Organization. 2015. URL: https://apps.who.int/tobacco/
global_report/2015/en/index.html [accessed 2021-09-02]

2. Tobore TO. On the potential harmful effects of E-Cigarettes (EC) on the developing brain: The relationship between
vaping-induced oxidative stress and adolescent/young adults social maladjustment. J Adolesc 2019 Oct;76:202-209. [doi:
10.1016/j.adolescence.2019.09.004] [Medline: 31574388]

3. Dierker L, Hedeker D, Rose J, Selya A, Mermelstein R. Early emerging nicotine dependence symptoms in adolescence
predict daily smoking in young adulthood. Drug Alcohol Depend 2015 Jun 01;151:267-271 [FREE Full text] [doi:
10.1016/j.drugalcdep.2015.03.009] [Medline: 25840749]

4. Guidelines for implementation of Article 12 of the WHO Framework Convention on Tobacco Control (Education,
communication, training and public awareness). World Health Organization. URL: https://www.who.int/fctc/guidelines/
Decision.pdf?ua=1 [accessed 2021-09-02]

5. Leavens ELS, Lechner WV, Stevens EM, Miller MB, Meier E, Brett EI, et al. Electronic cigarette and combustible cigarette
use following a campus-wide ban: Prevalence of use and harm perceptions. J Am Coll Health 2020;68(4):332-335. [doi:
10.1080/07448481.2018.1551803] [Medline: 30681933]

6. Gaiha SM, Duemler A, Silverwood L, Razo A, Halpern-Felsher B, Walley SC. School-based e-cigarette education in
Alabama: Impact on knowledge of e-cigarettes, perceptions and intent to try. Addict Behav 2021 Jan;112:106519. [doi:
10.1016/j.addbeh.2020.106519] [Medline: 32890911]

7. Boyle EA, Hainey T, Connolly TM, Gray G, Earp J, Ott M, et al. An update to the systematic literature review of empirical
evidence of the impacts and outcomes of computer games and serious games. Computers & Education 2016 Mar;94:178-192.
[doi: 10.1016/j.compedu.2015.11.003]

8. Arlati S, Colombo V, Ferrigno G, Sacchetti R, Sacco M. Virtual reality-based wheelchair simulators: A scoping review.
Assist Technol 2020 Nov 01;32(6):294-305. [doi: 10.1080/10400435.2018.1553079] [Medline: 30615571]

9. Kamińska MS, Miller A, Rotter I, Szylińska A, Grochans E. The effectiveness of virtual reality training in reducing the
risk of falls among elderly people. Clin Interv Aging 2018;13:2329-2338 [FREE Full text] [doi: 10.2147/CIA.S183502]
[Medline: 30532523]

10. Prasertsakul T, Kaimuk P, Chinjenpradit W, Limroongreungrat W, Charoensuk W. The effect of virtual reality-based
balance training on motor learning and postural control in healthy adults: a randomized preliminary study. Biomed Eng
Online 2018 Sep 18;17(1):124 [FREE Full text] [doi: 10.1186/s12938-018-0550-0] [Medline: 30227884]

11. Sun H, Li S, Zhu Y, Hsiao B. The effect of user's perceived presence and promotion focus on usability for interacting in
virtual environments. Appl Ergon 2015 Sep;50:126-132. [doi: 10.1016/j.apergo.2015.03.006] [Medline: 25959326]

J Med Internet Res 2021 | vol. 23 | iss. 9 | e28037 | p. 12https://www.jmir.org/2021/9/e28037
(page number not for citation purposes)

Guo et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v23i9e28037_app1.docx&filename=c189dc9b1f0b1928d7fafdc71ae401e2.docx
https://jmir.org/api/download?alt_name=jmir_v23i9e28037_app1.docx&filename=c189dc9b1f0b1928d7fafdc71ae401e2.docx
https://apps.who.int/tobacco/global_report/2015/en/index.html
https://apps.who.int/tobacco/global_report/2015/en/index.html
http://dx.doi.org/10.1016/j.adolescence.2019.09.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31574388&dopt=Abstract
http://europepmc.org/abstract/MED/25840749
http://dx.doi.org/10.1016/j.drugalcdep.2015.03.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25840749&dopt=Abstract
https://www.who.int/fctc/guidelines/Decision.pdf?ua=1
https://www.who.int/fctc/guidelines/Decision.pdf?ua=1
http://dx.doi.org/10.1080/07448481.2018.1551803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30681933&dopt=Abstract
http://dx.doi.org/10.1016/j.addbeh.2020.106519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32890911&dopt=Abstract
http://dx.doi.org/10.1016/j.compedu.2015.11.003
http://dx.doi.org/10.1080/10400435.2018.1553079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30615571&dopt=Abstract
https://dx.doi.org/10.2147/CIA.S183502
http://dx.doi.org/10.2147/CIA.S183502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30532523&dopt=Abstract
https://biomedical-engineering-online.biomedcentral.com/articles/10.1186/s12938-018-0550-0
http://dx.doi.org/10.1186/s12938-018-0550-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30227884&dopt=Abstract
http://dx.doi.org/10.1016/j.apergo.2015.03.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25959326&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


12. Lamb RL, Annetta L, Firestone J, Etopio E. A meta-analysis with examination of moderators of student cognition, affect,
and learning outcomes while using serious educational games, serious games, and simulations. Computers in Human
Behavior 2018 Mar;80:158-167. [doi: 10.1016/j.chb.2017.10.040]

13. Lu OHT, Huang JCH, Huang AYQ, Yang SJH. Applying learning analytics for improving students engagement and learning
outcomes in an MOOCs enabled collaborative programming course. Interactive Learning Environments 2017 Jan
16;25(2):220-234. [doi: 10.1080/10494820.2016.1278391]

14. K-12 Education Administration, Ministry of Education. URL: https://www.k12ea.gov.tw/Tw [accessed 2021-09-01]
15. Keller JM. Development and use of the ARCS model of instructional design. Journal of Instructional Development 1987

Sep;10(3):2-10. [doi: 10.1007/bf02905780]
16. Daugherty KK. ARCS motivation model application in a pharmacy elective. Curr Pharm Teach Learn 2019

Dec;11(12):1274-1280. [doi: 10.1016/j.cptl.2019.09.009] [Medline: 31836153]
17. Soltani AS, Bigdeli S, Kouhpayezade J. Designing a Reliable and Valid Instrument to Determine the Effective Motivational

Factors on Medical Students Learning Based on Keller’s ARCS Model. Educ Strategy Med Sci 2014;6(4):241-246 [FREE
Full text]

18. Li K, Moore DR. Motivating Students in Massive Open Online Courses (MOOCs) Using the Attention, Relevance,
Confidence, Satisfaction (ARCS) Model. J Form Des Learn 2018 Jul 19;2(2):102-113. [doi: 10.1007/s41686-018-0021-9]

19. Amaritakomol A, Kanjanavanit R, Suwankruhasn N, Topaiboon P, Leemasawat K, Chanchai R, et al. Enhancing Knowledge
and Self-Care Behavior of Heart Failure Patients by Interactive Educational Board Game. Games Health J 2019
Jun;8(3):177-186. [doi: 10.1089/g4h.2018.0043] [Medline: 30383438]

20. Rosendahl KI, Galanti MR, Gilljam H, Ahlbom A. Knowledge about tobacco and subsequent use of cigarettes and smokeless
tobacco among Swedish adolescents. J Adolesc Health 2005 Sep;37(3):224-228. [doi: 10.1016/j.jadohealth.2004.08.021]
[Medline: 16109342]

21. Orji R, Reilly D, Oyibo K, Orji FA. Deconstructing persuasiveness of strategies in behaviour change systems using the
ARCS model of motivation. Behaviour & Information Technology 2018 Sep 17;38(4):319-335. [doi:
10.1080/0144929x.2018.1520302]

22. Oinas-Kukkonen H, Harjumaa M. Persuasive Systems Design: Key Issues, Process Model, and System Features. CAIS
2009;24. [doi: 10.17705/1cais.02428]

23. Mohr DC, Schueller SM, Montague E, Burns MN, Rashidi P. The behavioral intervention technology model: an integrated
conceptual and technological framework for eHealth and mHealth interventions. J Med Internet Res 2014 Jun 05;16(6):e146
[FREE Full text] [doi: 10.2196/jmir.3077] [Medline: 24905070]

24. Ferebee S. Successful Persuasive Technology for Behavior Reduction: Mapping to Fogg’s Gray Behavior Grid. In: Ploug
T, Hasle P, Oinas-Kukkonen H, editors. Persuasive Technology. PERSUASIVE 2010. Lecture Notes in Computer Science,
vol 6137. Berlin, Heidelberg: Springer; 2010:70-81.

25. Hess TJ, McNab AL, Basoglu KA. Reliability Generalization of Perceived Ease of Use, Perceived Usefulness, and Behavioral
Intentions. MISQ 2014 Jan 1;38(1):1-28. [doi: 10.25300/MISQ/2014/38.1.01]

26. O'Brien HL, Toms EG. What is user engagement? A conceptual framework for defining user engagement with technology.
J. Am. Soc. Inf. Sci 2008 Apr;59(6):938-955. [doi: 10.1002/asi.20801]

27. Davis LL. Instrument review: Getting the most from a panel of experts. Applied Nursing Research 1992 Nov;5(4):194-197.
[doi: 10.1016/S0897-1897(05)80008-4]

28. Hair JF, Ringle CM, Sarstedt M. PLS-SEM: Indeed a Silver Bullet. Journal of Marketing Theory and Practice 2014 Dec
08;19(2):139-152. [doi: 10.2753/MTP1069-6679190202]

29. Wong KKK. Partial Least Squares Structural Equation Modeling (PLS-SEM) Techniques Using SmartPLS. Marketing
Bulletin 2013;24:1-32 [FREE Full text]

30. Hair JF, Sarstedt M, Ringle CM. Rethinking some of the rethinking of partial least squares. European Journal of Marketing
2019 Apr 08;53(4):566-584. [doi: 10.1108/ejm-10-2018-0665]

31. F Hair Jr J, Sarstedt M, Hopkins L, G Kuppelwieser V. Partial least squares structural equation modeling (PLS-SEM): An
emerging tool in business research. European Business Review 2014;26(2):106-121. [doi: 10.1108/EBR-10-2013-0128]

32. Henseler J, Hubona G, Ray PA. Using PLS path modeling in new technology research: updated guidelines. Industrial
Management & Data Systems 2016;116(1):2-20. [doi: 10.1108/IMDS-09-2015-0382]

33. Waheed M, Kaur K, Ain N, Hussain N. Perceived learning outcomes from Moodle. Information Development 2016 Jul
09;32(4):1001-1013. [doi: 10.1177/0266666915581719]

34. Turel YK, Ozer Sanal S. The effects of an ARCS based e-book on student's achievement, motivation and anxiety. Computers
& Education 2018 Dec;127:130-140. [doi: 10.1016/j.compedu.2018.08.006]

35. Angelo TA. Assessing Motivation to Improve Learning: Practical Applications of Keller's MVP Model and ARCS-V Design
Process. Teaching and Learning 2017 Dec 13;2017(152):99-108. [doi: 10.1002/tl.20272]

36. Kim H, Suh EE. The Effects of an Interactive Nursing Skills Mobile Application on Nursing Students' Knowledge,
Self-efficacy, and Skills Performance: A Randomized Controlled Trial. Asian Nurs Res (Korean Soc Nurs Sci) 2018
Mar;12(1):17-25 [FREE Full text] [doi: 10.1016/j.anr.2018.01.001] [Medline: 29463484]

J Med Internet Res 2021 | vol. 23 | iss. 9 | e28037 | p. 13https://www.jmir.org/2021/9/e28037
(page number not for citation purposes)

Guo et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.chb.2017.10.040
http://dx.doi.org/10.1080/10494820.2016.1278391
https://www.k12ea.gov.tw/Tw
http://dx.doi.org/10.1007/bf02905780
http://dx.doi.org/10.1016/j.cptl.2019.09.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31836153&dopt=Abstract
http://edcbmj.ir/browse.php?a_id=448&sid=1&slc_lang=en
http://edcbmj.ir/browse.php?a_id=448&sid=1&slc_lang=en
http://dx.doi.org/10.1007/s41686-018-0021-9
http://dx.doi.org/10.1089/g4h.2018.0043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30383438&dopt=Abstract
http://dx.doi.org/10.1016/j.jadohealth.2004.08.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16109342&dopt=Abstract
http://dx.doi.org/10.1080/0144929x.2018.1520302
http://dx.doi.org/10.17705/1cais.02428
https://www.jmir.org/2014/6/e146/
http://dx.doi.org/10.2196/jmir.3077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24905070&dopt=Abstract
http://dx.doi.org/10.25300/MISQ/2014/38.1.01
http://dx.doi.org/10.1002/asi.20801
http://dx.doi.org/10.1016/S0897-1897(05)80008-4
http://dx.doi.org/10.2753/MTP1069-6679190202
http://marketing-bulletin.massey.ac.nz/v24/mb_v24_t1_wong.pdf
http://dx.doi.org/10.1108/ejm-10-2018-0665
http://dx.doi.org/10.1108/EBR-10-2013-0128
http://dx.doi.org/10.1108/IMDS-09-2015-0382
http://dx.doi.org/10.1177/0266666915581719
http://dx.doi.org/10.1016/j.compedu.2018.08.006
http://dx.doi.org/10.1002/tl.20272
https://linkinghub.elsevier.com/retrieve/pii/S1976-1317(17)30334-1
http://dx.doi.org/10.1016/j.anr.2018.01.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29463484&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


37. Chang Y, Hu K, Chiang C, Lugmayr A. Applying Mobile Augmented Reality (AR) to Teach Interior Design Students in
Layout Plans: Evaluation of Learning Effectiveness Based on the ARCS Model of Learning Motivation Theory. Sensors
(Basel) 2019 Dec 23;20(1) [FREE Full text] [doi: 10.3390/s20010105] [Medline: 31878045]

38. Orji R, Vassileva J, Mandryk RL. Modeling the efficacy of persuasive strategies for different gamer types in serious games
for health. User Model User-Adap Inter 2014 Jul 14;24(5):453-498. [doi: 10.1007/s11257-014-9149-8]

39. Chow Y, Susilo W, Phillips J, Baek J, Vlahu-Gjorgievska E. Video Games and Virtual Reality as Persuasive Technologies
for Health Care: An Overview. Journal of Wireless Mobile Networks, Ubiquitous Computing, and Dependable Applications
2017;8:18-35. [doi: 10.22667/JOWUA.2017.09.30.018]

40. Yardley L, Spring BJ, Riper H, Morrison LG, Crane DH, Curtis K, et al. Understanding and Promoting Effective Engagement
With Digital Behavior Change Interventions. Am J Prev Med 2016 Nov;51(5):833-842. [doi: 10.1016/j.amepre.2016.06.015]
[Medline: 27745683]

41. Kurt PY, Keçik I. The effects of ARCS motivational model on student motivation to learn English. European Journal of
Foreign Language Teaching 2017;2(1):22-44. [doi: 10.5281/zenodo.254605]

42. Park J, Lim MK, Yun EH, Oh J, Jeong BY, Cheon Y, et al. Influences of Tobacco-Related Knowledge on Awareness and
Behavior towards Smoking. J Korean Med Sci 2018 Nov 19;33(47):e302 [FREE Full text] [doi: 10.3346/jkms.2018.33.e302]
[Medline: 30450026]

43. Ganley BJ, Rosario DI. The smoking attitudes, knowledge, intent, and behaviors of adolescents and young adults: Implications
for nursing practice. JNEP 2013 Jan 01;3(1):40. [doi: 10.5430/jnep.v3n1p40]

44. Lee HS, Addicott M, Martin LE, Harris KJ, Goggin K, Richter KP, et al. Implicit Attitudes and Smoking Behavior in a
Smoking Cessation Induction Trial. Nicotine Tob Res 2017 Dec 13;20(1):58-66 [FREE Full text] [doi: 10.1093/ntr/ntw259]
[Medline: 27679606]

45. de Kok LC, Oosting D, Spruit M. The Influence of Knowledge and Attitude on Intention to Adopt Cybersecure Behaviour.
ISIJ 2020;46(3):251-266. [doi: 10.11610/isij.4618]

Abbreviations
ARCS: attention, relevance, confidence, and satisfaction
AVE: average variance extracted
CR: composite reliability
CVI: content validity index
e-cigarette: electronic cigarette
GBL: game-based learning
HMD: head-mounted display
HTMT: heterotrait-monotrait
PLS-SEM: partial least squares structural equation modeling
SRMR: standardized root mean square residual
VR: virtual reality

Edited by R Kukafka; submitted 24.02.21; peer-reviewed by JY Liao, CY Lin; comments to author 16.03.21; revised version received
30.04.21; accepted 14.06.21; published 28.09.21

Please cite as:
Guo JL, Hsu HP, Lai TM, Lin ML, Chung CM, Huang CM
Acceptability Evaluation of the Use of Virtual Reality Games in Smoking-Prevention Education for High School Students: Prospective
Observational Study
J Med Internet Res 2021;23(9):e28037
URL: https://www.jmir.org/2021/9/e28037
doi: 10.2196/28037
PMID:

©Jong-Long Guo, Hsiao-Pei Hsu, Tzu-Ming Lai, Mei-Ling Lin, Chih-Ming Chung, Chiu-Mieh Huang. Originally published in
the Journal of Medical Internet Research (https://www.jmir.org), 28.09.2021. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet
Research, is properly cited. The complete bibliographic information, a link to the original publication on https://www.jmir.org/,
as well as this copyright and license information must be included.

J Med Internet Res 2021 | vol. 23 | iss. 9 | e28037 | p. 14https://www.jmir.org/2021/9/e28037
(page number not for citation purposes)

Guo et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.mdpi.com/resolver?pii=s20010105
http://dx.doi.org/10.3390/s20010105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31878045&dopt=Abstract
http://dx.doi.org/10.1007/s11257-014-9149-8
http://dx.doi.org/10.22667/JOWUA.2017.09.30.018
http://dx.doi.org/10.1016/j.amepre.2016.06.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27745683&dopt=Abstract
http://dx.doi.org/10.5281/zenodo.254605
https://jkms.org/DOIx.php?id=10.3346/jkms.2018.33.e302
http://dx.doi.org/10.3346/jkms.2018.33.e302
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30450026&dopt=Abstract
http://dx.doi.org/10.5430/jnep.v3n1p40
http://europepmc.org/abstract/MED/27679606
http://dx.doi.org/10.1093/ntr/ntw259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27679606&dopt=Abstract
http://dx.doi.org/10.11610/isij.4618
https://www.jmir.org/2021/9/e28037
http://dx.doi.org/10.2196/28037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

