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Abstract

Objective: To evaluate user acceptability of an immersive three-dimensional virtual reality program for preventing illegal
drug use and identify factors associated with continuous usage intention of three-dimensional virtual reality learning
among high school students based on the decomposed theory of planned behavior.

Methods: In this cross-sectional observational study, we developed five educational modules and serious games based on
three-dimensional virtual reality technology. Ninety student-participants’ experiences were assessed by a structured ques-
tionnaire based on the decomposed theory of planned behavior variables. We applied partial least squares structural equa-
tion modeling to examine the correlates of continuous usage intention.

Results: The proposed model demonstrated an acceptable fit to the observed data. Eight of the 11 hypotheses based on the decom-
posed theory of planned behavior were supported. Continuous usage intention was significantly associated with attitudes, subjective
norms, and perceived behavioral control; these variables explained 55.4% of the variance in continuous usage intention. Perceived
usefulness and compatibility were significant antecedents of attitude. The significant antecedent of subjective norms was support
from school staff. Self-efficacy and resource-facilitating conditions were significant antecedents of perceived behavioral control.

Conclusions: Our findings support the applicability of the decomposed theory of planned behavior as a framework for evalu-
ating a three-dimensional virtual reality program for illegal drug use. We recommend that the program be included as
teaching material for illegal drug prevention education in senior high schools.
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Introduction

Illegal drug use has become a crucial issue worldwide as
well as in Taiwan. In particular, preventing substance use
in adolescents is a major global public health challenge
because initiating substance use during adolescence is a sig-
nificant predictor of later substance abuse, delinquency,
and detrimental health effects.'*? Curiosity, boredom, and
pursuit of popularity are the primary reasons for drug use
among adolescents.” A population-based survey of 15,754
senior and vocational high school students in Taiwan
revealed prevalence rates of 2.79%, 1.91%, and 1.72% for
lifetime, past-year, and past-month illegal drug use,
respectively.*

A nationwide population-based study in Taiwan
revealed an emerging problem among the youth—the use
of drugs hidden within coffee and tea bags, rainbow cigar-
ettes, and so on.” These disguised drugs are marketed
toward students by making them look appealing and easy
to taste. Drug use not only has negative impacts on physical
and mental health but also academic performance, increas-
ing the likelihood of dropping out of school.® With the
increasing usage of alternative forms of illegal drugs,
such as novel psychoactive substances,” numerous senior
high schools are now providing illegal drug use prevention
education in an attempt to minimize the potential detrimen-
tal health effects and social burdens among adolescents.
Thus, it is important to raise students’ awareness of how
to recognize disguised drugs and risk situations.

In Taiwan, illegal drug prevention programs are
delivered through official high school health education
courses.® However, it is often difficult to engage students
in learning about the harms associated with substance use
through didactic teaching. Innovative approaches using
three-dimensional (3D) virtual reality (VR) technology
may be a possible solution. Recent studies have reported
3D VR as an effective tool for drug prevention programs,
%10 with it being more effective for adolescents than
didactical teaching.'' The development of alternative
approaches, such as 3D VR games, may be more promising
in this regard."?

Game-based learning (GBL) is a practical and useful
approach in this context. A recent study indicated that
GBL approaches can promote health behaviors among ado-
lescents.'> Studies have also demonstrated the use of
immersive VR as a medium for learning and teaching and
reported its usefulness with regard to designing smoking
prevention programs.'> Immersive VR allows users to
perform actions in a virtual environment and provides
opportunities for contextual practice.'"* Learners wear
helmets and operate joysticks to observe and interact with
virtual educational scenes to engage in GBL, thus enabling
situational learning. As insufficient engagement may under-
mine learning effectiveness,'” providing an interactive
learning environment could increase learners’ engagement

with the learning content. A meta-analysis revealed that
engaging young students through serious educational
games would be beneficial to their learning outcomes.'®
Engaged learners have a higher likelihood of performing
expected behaviors, promoting favorable learning out-
comes.'” These findings suggest that VR-based educational
games may be a useful and feasible option for campus-
based illegal drug prevention programs.

The theory of planned behavior (TPB), previously used
to predict human behavior, examines the influences of atti-
tudes, subjective norms, and perceived behavioral control
on behavioral intentions.'® However, the TPB may fail to
fully explain technology-enhanced human behavior in the
context of a VR-based preventive education program.
Accordingly, Taylor and Todd developed the decomposed
TPB (DTPB) by integrating the TPB and the technology
acceptance model.'” Numerous studies have used the
DTPB as a research framework to evaluate participants’
intention to use technology-enhanced programs.””

According to the DTPB, the contributors of behavioral
intentions in terms of attitudes, subjective norms, and per-
ceived behavioral control are decomposed into several cor-
responding antecedents associated with technology
acceptance.”’ Attitudes refer to individuals’ positive or
negative feelings about performing a target behavior.?
Antecedents of attitudinal beliefs are decomposed into rela-
tive advantages (perceived usefulness, e.g., learning effects
enhanced by 3D VR), complexity (ease of use, e.g., ease of
using 3D VR for learning), and compatibility (perceived
compatibility, e.g., learning by 3D VR similar to past learn-
ing experience).”!

In addition, based on the GBL literature, we included
perceived enjoyment as an antecedent of attitudes.'®
Perceived enjoyment of 3D VR may affect attitude forma-
tion toward using technology for learning. Subjective
norms refer to social pressure to perform or not perform a
target behavior, such as the influence of important people
in one’s life. The antecedent of subjective norms is superior
influence and is represented by perceived support from
school staff in this study. Perceived behavioral control
was decomposed into self-efficacy, technology-facilitating
conditions, and resource-facilitating conditions. Self-
efficacy refers to being confident in one’s ability to
perform a target behavior successfully. The facilitating con-
ditions reflect the availability of technology and resources
needed to perform the target behavior.”' The success of a
technology-enhanced drug prevention program depends
on its continued usage rather than one-time use. The
DTPB provides a comprehensive framework to understand
the antecedents of individuals’ attitudes, subjective norms,
and perceived behavioral control. Therefore, it may help
examine the influencing pathway of continuously using
technology-enhanced learning. We applied the DTPB to
evaluate user acceptability of a 3D VR program meant for
learning about illegal drug prevention and identify factors
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associated with continuous usage intention of 3D VR learn-
ing among high school students.

Based on the DTPB, we propose the following hypoth-
eses:Hypothesis 1 (H1)

Ease of use is associated with attitudes.Hypothesis 2 (H2)

Perceived usefulness is associated with attitudes.
Hypothesis 3 (H3)

Perceived enjoyment is
Hypothesis 4 (H4)

Perceived compatibility is associated with attitudes.
Hypothesis 5 (HS)

Perceived support from school staff is associated with
subjective norms.Hypothesis 6 (H6)

Self-efficacy is associated with perceived behavioral
control.Hypothesis 7 (H7)

Resource-facilitating conditions are associated with per-
ceived behavioral control.Hypothesis 8 (HS)

Technology-facilitating conditions are associated with
perceived behavioral control. Hypothesis 9 (H9)

Attitudes are associated with continuous usage intention.
Hypothesis 10 (H10)

Subjective norms are associated with continuous usage
intention.Hypothesis 11 (HI11)

Perceived behavioral control is associated with continu-
ous usage intention.

All hypotheses of the proposed model are summarized in
Figure 1.

associated with attitudes.

Methods

Design of the 3D VR program

An immersive 3D VR-based illegal drug use prevention
program was developed. We designed the program to func-
tion as supplementary material for illegal drug use preven-
tion programs for adolescents. Lin et al.>> demonstrated that
highly immersive technology was accepted among adoles-
cents, who might be motivated to use the technology with
a head-mounted display (HMD). The VR HMD enables
users to have immersive experiences with 3D images of
illegal drug use situations that are rare in traditional didactic
teaching. The program included five educational activities
and five serious games in a virtual environment, as shown
in multimedia Appendix 1. To complete the educational
activities and game tasks, the participants operated joysticks
to interact with the virtual environments; they also received
in-game guidance from the research staff if they had any
inquiries or operational problems. Participants were able to
experience: (1) a high-risk situation: a trap in a party—an
introduction to high-risk situations and learning to recognize
disguised drugs; (2) harmfulness of illegal drugs: drugs affect
your life—explaining the physiological and psychological
harms accompanying drug use that are connected to critical
life problems in adolescents; (3) zero tolerance: avoiding
regret for drug use—adolescents who are involved in drug

use, possession, and transportation could encounter serious
criminal responsibility; (4) determination to quit: back to
the days without drugs—encouraging health decisions by
presenting a prison scenario; and (5) healthy lifestyle: regain-
ing a new life—cultivating skills for interpersonal relation-
ships and participating in healthy recreation.

Participants and recruitment

This study employed a cross-sectional observational design.
The participants were students from a senior high school in
Taipei City, Taiwan. The inclusion criteria were (1) currently
enrolled high school students, (2) willingness to participate in
the study, and (3) ability to provide written informed consent.
There were no specific exclusion criteria. The research team
visited the school personnel responsible for implementing
illegal drug prevention at the school. During the visit, we
introduced the study information and presented the 3D VR
program. School personnel provided approval for conducting
the study given their motivation to offer innovative illegal
drug use prevention education to increase students’ interest
in learning. After consensus was reached regarding the
manner in which the 3D VR program would be implemented,
the school personnel announced the program to all students
and distributed an information sheet. Students who volun-
teered to participate in the study informed the school person-
nel and were gathered in a quiet room to participate in the
program. Participating students received a small gift (i.e. sta-
tionery) to compensate them for their time.

Measurements

Demographic variables included grade, gender, substance
use experience (i.e. smoking, drinking, betel nut chewing,
and illegal drugs), and previous experience with 3D VR
immersive games. Based on the DTPB, the questionnaire
contained 12 variables including attitudes, subjective
norms, perceived behavioral control, continuous usage inten-
tion, perceived ease of use, perceived usefulness, perceived
enjoyment, perceived compatibility, support from school
staff, self-efficacy, resource-facilitating conditions, and
technology-facilitating conditions. There were 1-6 items
for each of the 12 variables, with a total of 37 items. These
items were adapted from a 3D VR program for students
with ketamine use developed based on the DTPB frame-
work.” Content validity was used to justify the validity of
the questionnaire, which was reviewed by six professionals.

A sample item for continuous usage intention was “T am
willing to practice the VR activities in the future to learn
about drug prevention.” The DTPB instrument included a
series of five-point Likert-scale items from 1 to 5 (strongly
disagree to strongly agree) to collect data on the correlates
of continuous usage intention in terms of attitudes, subjective
norms, and perceived behavioral control. The higher the
score, the more positive students’ attitudes, social norms,
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Figure 1. The hypotheses of the proposed model.

and perceived behavioral control toward learning about drug
prevention through 3D VR. In addition, the corresponding
antecedents associated with attitudes, subjective norms, and
perceived behavioral control were measured. Higher scores
for these antecedents indicated more positive beliefs related
to attitudes, social norms, and perceived behavioral control.

Data analysis

Participants’ characteristics were presented by counts and per-
centages. Partial least squares structural equation modeling
(PLS-SEM) was used to examine the proposed hypotheses
using Smart-PLS version 3.0. The use of PLS-SEM is ideal
when the analysis is concerned with testing a theoretical
framework from a prediction perspective with a small
sample size.>* The minimum recommended sample size for
PLS-SEM is 10 times the largest number of structural paths
directed at a particular latent variable in the model.> Thus,
the minimum sample size for the model in this study was 40
because there were four paths directed to attitudes (Figure 1).

PLS-SEM was conducted in two stages.”**’ The reliability
and validity of all the variables were examined in the first stage.
Then, the structural model was applied in the second stage of
analysis to examine the goodness-of-fit of the DTPB model.
Estimates were calculated for the path coefficients, which
represent the hypothesized relationships linking the variables.*®
Fit measures of model estimation included standardized root
mean square residual (SRMR), squared Euclidean distance
(d_ULS), and geodesic distance (d_G) using PLS-SEM

software. These criteria’s values with a certain threshold (e.g.
SRMR < 0.08) was used to examine the goodness-of-fit of the
model.?® For the bootstrap-based test for the exact overall
model fit measures d_ULS and d_G, the upper bound of the
confidence interval should be larger than the original value of
the d_ULS and d_G fit criteria to indicate that the model has
a good fit. Bootstrap estimation with 5000 samples was con-
ducted to assess the significance of the coefficients using
t-tests. R* (determination square) was used to examine the pro-
portion of variance. An R? value of 0.75, 0.50, and 0.25 indi-
cates a substantial, moderate, and weak level of predictive
accuracy, respectively.”’

Ethical considerations

This study was approved by the Research Ethics Review
Committee of En Chu Kong Hospital. All participants pro-
vided written informed consent.

Results

Participants’ characteristics and responses

A total of 90 students participated in the study, with 61
(67.77%) being boys and 41.11% being first graders. The
majority (61.11%) did not use any substance and 55.56%
had no previous experience with 3D VR.

The mean scores for the 12 DTPB variables revealed a
general trend of positive responses (Table 1). Most
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participants stated that they enjoyed the VR program because
they found interactive activities plausible and interesting
compared to traditional didactic teaching. Participants’ feed-
back suggests that their user experience of the VR program
was enhanced by wearing the HMD and operating joysticks
to interact with the virtual avatars and objects.

Measurement model assessment

The original 37-item DTPB questionnaire was adjusted to
30 items. Items with unsatisfactory factor loadings (<0.8),
including two items on ease of use, three on perceived use-
fulness, one on self-efficacy, and one on perceived behav-
ioral control, were removed. In addition to factor
loadings, Cronbach’s a and composite reliability (CR)

Table 1. Descriptive results for the 12 decomposed theory of
planned behavior variables.

DTPB

Ease of use (four items) 4.32 17.29

Perceived usefulness (six items)  4.65 27.87

Perceived enjoyment 4.63 13.90
(three items)

Perceived compatibility N/A 3.94
(one item)

Attitudes (three items) 4.55 13.64

Support from school staff 4.53 18.11
(four items)

Subjective norms (three items) 4.43 13.28

Self-efficacy (three items) 4.46 13.39

Resource-facilitating conditions ~ 4.50 8.99
(two items)

Technology-facilitating 4.62 9.24
conditions (two items)

Perceived behavioral control 4.38 13.15
(three items)

Outcome measure

Continuous usage intention .64 13.91

(three items)

DTPB: decomposed theory of planned behavior; N/A: not applicable.

should be >0.7 and average variance extracted (AVE)
should be >0.5 to meet the convergent validity and reliabil-
ity requirements.?>** After the adjustment, the results of
factor loadings, Cronbach’s a (ranging from 0.794 to
0.936), CR (ranging from 0.891 to 0.953), and AVE
(ranging from 0.732 to 0.849) satisfied the recommended
criteria, indicating the adequacy of the proposed measure-
ment model, as shown in Table 2.

We established discriminant validity by using the
Fornell-Larcker criterion and heterotrait—-monotrait
(HTMT) ratio. To satisfy the Fornell-Larcker criterion,
the square root of the AVE for each variable should
exceed the correlation of the latent variables.”” An HTMT
value of <0.90 establishes the validity of the discriminant.*
As shown in Tables 3 and 4, the mentioned criterion was
met, indicating that discriminant validity was established.

Structural model assessment

The PLS-SEM test exhibited that the fit measures of the
proposed model had acceptable correspondence with the
study data (SRMR =0.079). The original values of d_G
(3.664) were smaller than the upper bound of the 95% con-
fidence interval (4.937). However, d_ULS (2.925) was larger
than the upper bound of the 95% confidence interval (1.492).
The perceived ease of use, usefulness, enjoyment, and com-
patibility explained 35.9% of the variance in attitudes.
Support from school staff explained 14.6% of the variance
in subjective norms. Self-efficacy, resource-facilitating con-
ditions, and technology-facilitating conditions accounted
for 51% of the variance in perceived behavioral control.
Attitudes, subjective norms, and perceived behavioral
control explained 55.4% of the variance in continuous
usage intention. In terms of path analysis, Table 5 lists the
path coefficients and the corresponding t-value and P-value
for each hypothesis. It can be observed that 8 of the 11
hypotheses were supported. The supported hypotheses pos-
tulated that perceived usefulness and compatibility were sig-
nificant antecedents of attitudes (H2 and H4). The significant
antecedents of subjective norms were support from school
staff (HS). Self-efficacy and resource-facilitating conditions
were significant antecedents of perceived behavioral
control (H6 and H7). Continuous usage intention was signifi-
cantly associated with attitudes, subjective norms, and per-
ceived behavioral control (H9, H10, and H11).

Discussion

In this study, we evaluated the acceptability of a 3D VR
drug prevention program among high school students.
The correlates of continuous usage intention of 3D VR
learning were identified from the DTPB perspective. The
acceptability of the program was supported as participants
reported high scores for continuous usage intention of 3D
VR learning (mean=13.91, range =3-15). In addition,
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Table 2. Convergent validity of the proposed measurement model.

Ease of use 0.794 0.907 0.829
Ease of use 2 0.916
Ease of use 3 0.905
Perceived usefulness 0.822 0.891 0.732
Perceived usefulness 1 0.934
Perceived usefulness 2 0.823
Perceived usefulness 3 0.805
Perceived enjoyment 0.870 0.920 0.793
Perceived enjoyment 1 0.858
Perceived enjoyment 2 0.918
Perceived enjoyment 3 0.896

Perceived compatibility

Perceived compatibility 1 1

Attitude 0.911 0.944 0.849
Attitude 1 0.943

Attitude 2 0.906

Attitude 3 0.905

Support from school staff 0.936 0.953 0.836
Support from school staff 1 0.918

Support from school staff 2 0.916

Support from school staff 3 0.905

Support from school staff & 0.918

Subjective norms 0.871 0.920 0.793
Subjective norm 1 0.897

Subjective norm 2 0.873

Subjective norm 3 0.902

Self-efficacy 0.729 0.880 0.785

(continued)
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Table 2. Continued.

Self-efficacy 1 0.908
Self-efficacy 2 0.86L4
Resource-facilitating conditions 0.949
Resource-facilitating condition 1 0.978
Resource-facilitating condition 2 0.972
Technology-facilitating conditions 0.781
Technology-facilitating condition 1 0.859
Technology-facilitating condition 2 0.944
Perceived behavioral control 0.826
Perceived behavioral control 2 0.914
Perceived behavioral control 3 0.912
Continuous usage intention 0.910
Continuous usage intention 1 0.909
Continuous usage intention 2 0.937
Continuous usage intention 3 0.915

our findings support the applicability of the DTPB as a
framework for evaluating a 3D VR program for illegal
drug use. As suggested by the DTPB, participants’ atti-
tudes, subjective norms, and perceived behavioral control
significantly influence their continuous usage intentions.>'
Consistent with the results of a previous study,”® we
found that attitudes were associated with perceived useful-
ness and compatibility. In addition, Chen et al.” indicated
that perceived usefulness influences behavioral intention
through attitudes. Users’ perceived usefulness significantly
influences attitudes, and perceived usefulness and attitudes
significantly influence user intentions.”® Technological
advancement has increased interest in 3D VR technology
as a research tool for study areas such as aroma therapy,”*
horticultural therapy,® volunteer training,*® and childbirth
training.’

Differing from the results of a previous study,'® per-
ceived ease of use and enjoyment were not significantly
associated with attitudes. A possible explanation is that
some students still needed staff assistance to operate immer-
sive VR devices because they had not used VR devices
before. Therefore, the role of on-site instructors in VR
user evaluation is critical. As our VR program focuses on
helping students learn to refuse illegal drugs, the content

0.975 0.951
0.897 0.814
0.920 0.852
0.943 0.847

is more serious than in entertainment-related VR programs.
Compared to other purely game-based VR programs, ours
lacks the element of excitement; therefore, it is not surpris-
ing that the path effectiveness from performance enjoyment
to attitudes was not significant. However, we found that the
students were very concerned about practicing the VR
program. Therefore, further studies should measure
involvement instead of enjoyment. Involvement signifi-
cantly influenced continuous use intention in a previous
VR HMD user evaluation study.*®

Our participants did not report severe cybersickness
symptoms, identified as a problem for VR HMD users in
a previous study.’® Two possible reasons for the same
may be that our participants operated VR in a sitting pos-
ition and under supervision by the research staff.
Additionally, we used the latest VR HMD; an up-to-date
device may have reduced user discomfort.

Our findings also showed that support from school staff
(superior influence) was significantly associated with sub-
jective norms. A previous study indicated that interpersonal
relationships influenced subjective norms.*® The more
support from school staff participants receive, the higher
their perceived subjective norms toward a target behav-
ior.*"*? As subjective norms were significantly associated
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Table 3. Results for the Fornell-Larcker criterion.

1. Ease of use

2. Perceived usefulness

3. Perceived enjoyment

4. Perceived compatibility

5. Attitude

6. Support from school staff

7. Subjective norms

8. Self-efficacy

9. Resource-facilitating conditions
10. Technology-facilitating conditions
11. Perceived behavioral control

12. Continuous usage intention

0.911

0.413

0.061

—0.092

0.257

0.249

0.237

0.226

0.191

0.289

0.541

0.856

0.489

0.087

0.468

0.377

0.383

0.251

0.243

0.452

0.518

0.434 0.575

0.891

0.103

0.266

0.222

0.217

0.249

0.098

0.396

0.314

1.000

0.391

0.031

0.042

0.086

0.163

0.118

0.096

0.921

0.390

0.564

0.374

0.303

0.429

0.450

0.534 0.138 0.615

0.914

0.383

0.382

0.398

0.729

0.292

0.564 0.469 0.568 0.348 0.558 0.625

0.891

0.185

0.065

0.337

0.238

0.886

0.358

0.455

0.581

0.975

0.476  0.902

0.593 0.436 0.923

0.920

Note: The Fornell-Larcker criterion refers to a factor’s average variance extracted, which should be higher than its squared correlation with all other factors in

the model.

Table &. Results for the heterotrait-monotrait ratio of correlations.

1. Ease of use

2. Perceived usefulness

3. Perceived enjoyment

4. Perceived compatibility

5. Attitudes

6. Support from school staff

7. Subjective norms

8. Self-efficacy

9. Resource-facilitating conditions
10. Technology-facilitating conditions
11. Perceived behavioral control

12. Continuous usage intention

0.516

0.119

0.104

0.300

0.291

0.281

0.295

0.221

0.362

0.679

0.509

0.544

0.104

0.507

0.436

0.440

0.312

0.283

0.559

0.627

0.638

Note: Heterotrait-monotrait ratio significantly smaller than 0.9.

0.103

0.296

0.255

0.237

0.295

0.109

0.499

0.364

0.602

0.408

0.047

0.046

0.100

0.168

0.111

0.108

0.146

0.424

0.624

0.450

0.333

0.508

0.522

0.674

0.408

0.451

0.422

0.876

0.326

0.623

0.219

0.080

0.431

0.273

0.515

0.434

0.573

0.744

0.681

0.542
0.662 0.519
0.379 0.683 0.717
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Table 5. Results for 11 hypotheses tests.

H1 Perceived ease of use—attitudes

H2 Perceived usefulness—attitudes

H3 Perceived enjoyment—attitudes

Ha Perceived compatibility— attitudes

H5 Support from school staff— subjective norms

Hé6 Self-efficacy— perceived behavioral control

H7 Resource-facilitating conditions— perceived behavioral control
H8 Technology-facilitating conditions—perceived behavioral control
H9 Attitudes— continuous usage intention

H10 Subjective norms— continuous usage intention

H11 Perceived behavioral control—continuous usage intention

0.141 1.394 164
0.356 3.594 <.001***
0.045 0.496 .620
0.368 3.321 <.001***
0.383 4.186 <.001***
0.407 4.195 <.001***
0.425 3.956 <.001***
0.048 0.470 .638
0.311 2.728 .006***
0.188 2.215 .027*
0.440 4.883 <.001***

Note: *P<.05; **P<.01; ***P<.001; the statistical significance level was <0.05 for the bold values. The eight hypotheses were supported by significant path

coefficients.

with participants’ continuous usage intention, when design-
ing VR learning content in the future, program designers
should consider the relevant beliefs of significant indivi-
duals surrounding participants.

We also found that perceived behavioral control was sig-
nificantly associated with self-efficacy and resource-
facilitating conditions, and further, with continuous usage
intention. This is concordant with a previous finding that
self-efficacy and resource-facilitating conditions significantly
influence perceived behavioral control and that perceived
behavioral control significantly influences behavioral inten-
tion.'”” Based on the items assessing self-efficacy and
resource-facilitating conditions, having instructors to guide
the participants on using the VR program encompassing
expensive gaming notebooks and VR HMD, which are
more advanced than school computer equipment, contributed
to the positive beliefs about using VR programs.

Based on our findings, we suggest that an exploratory
study, grounded in theory, would be appropriate to investi-
gate the acceptability of VR technology among high school
students. Traditional didactic instruction may not suffi-
ciently engage students in drug use prevention efforts,
and GBL may provide a promising solution to increase
student engagement. Immersive 3D VR technology offers
the opportunity to simulate a variety of situations while
remaining in a school setting. Our study indicates that the
integration of GBL and immersive 3D VR technology
was acceptable to high school students. We recommend
that health educators consider incorporating similar

programs into their drug prevention efforts on campus.
Our data also revealed that attitudes, subjective norms,
and perceived behavioral control were significantly asso-
ciated with students’ intentions to continue using 3D VR
learning. We encourage program designers to incorporate
these concepts into the development of learning content
and activities. Lastly, we suggest that health centers and
hospitals provide 3D VR programs in waiting areas as a
means of disseminating health information.

Nevertheless, this study has some limitations that should
be considered when interpreting the findings. First, the
research staff had to assist some participants in using the
3D VR program as they were first-time users. Prior VR
experience may be a confounding factor in our model,
however, we could not exclude its influence from the
study. Second, we only recruited students from a senior
high school in a metropolitan city, limiting the generaliz-
ability of the findings. Third, not all the model fit measures
met the threshold, thus limiting the generalizability of
causal explanations of the structural model across different
contexts. Nevertheless, the PLS-SEM approach provides
valuable insights into the significance of hypothesized rela-
tionships derived from the underlying theory. As scholars
have suggested, data usability, which refers to the capacity
of data to fulfill the requirements for a specific use situation,
should be given adequate attention.*>** Although our find-
ings may not yield perfect causal explanations, they do
provide insights into the phenomenon of using 3D VR pro-
grams to learn about drug prevention.
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Conclusions

With the provision of an adequate environment and assist-
ance, we found that a VR HMD antidrug VR educational
program may be acceptable for adolescents, even first-time
users. Our findings revealed that experiences of using VR
programs could be evaluated using the DTPB through
PLS-SEM testing. The findings also provide insight into
modifying the constructs of the DTPB, such as using
involvement instead of enjoyment, when applying the
theory to serious VR programs. Few studies have examined
user experiences and continuous usage intention for VR pro-
grams by applying the DTPB among adolescents. The asso-
ciations among the 12 DTPB variables, hypothesized at the
beginning of the study, were established. Further studies
are required to expand the study design to adolescents of
diverse ages and locations to verify these relationships.
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Appendix 1.

The 3D VR program of five educational activities and five serious games in a virtual environment.

Unit 1: A high-risk situation: a trap in a party —an introduction to high-risk

51tuat10ns and learning to recogmze disguised drugs.
~ = =
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gét BARREYRE

Unit 2: Harmfulness of illegal drugs drugs affect your life— explalnmg the

physiological and psychological harms accompanying drug use that are

Cormected to Crlhcal life problems in adolescents

Unit 3: Zero tolerance av01d1ng regretting drug use—adolescents who are

involved in drug use, possession, and transportation could face serious

criminal responsibility.

Unit 4: Determination to quit: back to the days without drugs—encouraging

health decisions by presenting a prison scenario.
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Unit 5: Healthy lifestyle: regaining a new life—cultivating skills for

interpersonal relationships
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and participating in healthy recreation.

B
Msawa;mmﬁ;

Uitk
[EHE|




	 Introduction
	 Methods
	 Design of the 3D VR program
	 Participants and recruitment
	 Measurements
	 Data analysis
	 Ethical considerations

	 Results
	 Participants’ characteristics and responses
	 Measurement model assessment
	 Structural model assessment

	 Discussion
	 Conclusions
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


