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ABSTRACT
Objective: This study evaluates the effectiveness of our game-based pedagogical technique by comparing
the learning, enjoyment, interest, andmotivation ofmedical students who learned about best practices for
patient surge in a natural disaster with a novel game-based computer application, with those of medical
students who learned about it with a traditional lecture.

Methods: We conducted our study by modifying an existing optional course in disaster medicine that we
taught at SichuanUniversity. More specifically, in 2017, while our application was still in development, we
taught this course by lecture. In this iteration, 63 third-grade medical students voluntarily joined our
course as our ‘lecture group.’ Once our application was complete in 2018, 68 third-grade medical stu-
dents voluntarily joined this course as the ‘game group.’We examined the different effects of these learn-
ing methods on student achievement using pre -, post -, and final tests.

Results: Both teaching methods significantly increased short-term knowledge and there was no statistical
difference between the 2 methods (p> 0.05). However, the game group demonstrated significantly
higher knowledge retention than the traditional lecture group (p< 0.05).

Conclusion: Our game-based computer application proved to be an effective tool for teaching medical stu-
dents best practices for caring for patient surge in a natural disaster.

Key Words: game-based learning, serious game, disaster, managing multiple patients, medical student
education

For several decades, there has been a growing
interest in teaching disaster medicine—a practi-
cal and comprehensive discipline—to medical

students.1-3 This interest in disaster management is
understandable given the frequency and impact of natu-
ral and man-made disasters.4-6 A key point of difficulties
associated with teaching medical students disaster medi-
cine is how to effectively care for patient surge at once.7

Therefore, schools are increasingly trying to determine
the best method with which to teach medical students
how to simultaneously manage patient surge in a disaster
scenario with limited resources.8,9 In response to this
growing interest, we established an optional course
—‘‘Multi-patient Management in Disaster Medicine’’—
at Sichuan University for fourth-year medical students
who have completed almost all other clinical courses.

Traditionally, disaster medicine has been taught using
lectures and/or simulation exercises.10 Although lec-
tures require less funding and fewer teaching resources
than simulations, they are often more boring and
abstract; hence, lectures may not be the best way to
teach disaster medicine. Although simulation exercises
may be a good method with which to help medical
students master the knowledge and skills of disaster

medicine, they require considerable funding and a
great amount of teaching resources (such as longer
instructional time periods, more teachers or instructors,
considerable preparation, and the need for more
consumables).11 Therefore, like lectures, simulation
exercises may not be an ideal way to teach disaster
medicine to large classes of medical students.

Recently, game-based learning has received increased
attention as an interactive teachingmethod.12 To date,
some immersive game-based computerized applications
based on virtual reality (VR) technologies have been
applied in disaster medicine education; previous studies
validate the efficacy of these applications.13,14 When
they work with a curriculum, these immersive applica-
tions can facilitate easier and more enjoyable learner-
centered educational experiences. However, the VR
equipment required for such pedagogies renders the
practicality and usability of immersive game-based
computer applications in the classroom disputable.
Despite that, Menin, et al.15 argue that such an appli-
cation might make this education accessible to a much
larger user population while facilitating a more com-
fortable learning experience. While Menin, et al. get
the ball rolling in with these findings, minimal research
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has been done on the effectiveness of game-based pedagogies
for teaching disaster medicine. This study responds to this gap
in the scholarly archives by exploring the effectiveness of
game-based pedagogies for teaching medical students disaster
management in comparison to the traditional lecture format.
More specifically, after teaching medical students a patient
surge management course using a lecture format in 2017, we
designed a game-based computer application for teaching
the topic and applied it to our course in 2018 (Figure 1).16

We then compared the test scores and feedback results of each
iteration of the course to explore the effectiveness of the appli-
cation for teaching patient surge management.

METHODS
Participants
After approval by the ethics review board, the study was car-
ried out in the West China School of Medicine at Sichuan
University. In 2017, before our application was complete,
we taught our disaster medicine course using a lecture format.
The class consisted of 63 third-grademedical students who vol-
untarily joined this course and were termed ‘the lecture group.’
Then, when our application was complete and ready for use in
2018, 68 third-grade medical students voluntarily enrolled in
the course—we termed these students ‘the game group.’

Research Tools
Pre-Test, Post-Test, and Final Test
All medical students were tested on 3 separate occasions: (1) a
‘pre-test’ before the educational intervention, (2) a ‘post-test’

following the intervention, and (3) a ‘final test’ at the end of
the term (6 weeks after the intervention). Each test consisted
of 20 multiple-choice questions (0.5 points per item) that were
designed to assess student mastery of multi-patient disaster
medicine. In order to ensure comparability among the 3 tests,
7 questions (out of 20) were the same, 7 questions were identical
in content but were re-described, and another 6 questions were
totally different while maintaining a similar level of difficulty.

Questionnaire
In order to investigate medical students’ opinion of the lecture
and the application during the class, a survey consisting of 5
items was conducted at the end of the course:

1) I was motivated to learn in this course.
2) I gained much knowledge from this class.
3) I liked the teaching method in this course.
4) The disaster medicine course was interesting.
5) All in all, I enjoyed this course.

Students were asked to rate each item using a 5-point likert
scale in which “1” meant “strongly disagree,” and “5” meant
“strongly agree.”

The Educational Game
For our purpose, it is helpful to note that we developed our own
application because no digital games on disaster medicine
existed at the time of the study. In a previous study,16 we used
the application as a teaching instrument. In this study, all

FIGURE 1
Game-Based Learning in Sichuan University.

Teaching Disaster Medicine With a Novel Game-Based Computer Application

Disaster Medicine and Public Health Preparedness 549

https://doi.org/10.1017/dmp.2020.309 Published online by Cambridge University Press

https://doi.org/10.1017/dmp.2020.309


medical students were divided into study teams of approxi-
mately 10 members who participated in the game as 1 unit
(i.e., 1 player). The instructors offered each team a set of study
materials including 39 mass casualty patient cases. The game
itself was turn-based and involved a number of missions that
each group needed to complete, including (1) triaging all
patients, (2) providing initial medical care, (3) determining
the order of transit to the hospital, (4) arranging hospital beds,
and (5) rationally allocating hospital resources (including the
appropriate assignment of patients to the operating room,
intensive care unit, and surgical ward). In each round, students
would engage in team discussions to choose 1 suitable patient
to triage, treat, refer, etc. The player’s dissimilar operations in
the game influenced the patient’s outcome (i.e., relieved,
aggravated, or dead), which the game’s settings automatically
judged. After each round, the game would calculate the num-
ber of patients who experienced each different outcome and
present the rates on its interface with different colors for each
outcome (Figure 2). The teams would then go to the podium to
summarize the round and share the lessons they learned by
completing it. Ultimately, the team that treated the most
patients and had the fewest dead patients won the game, an
achievement the teacher praised.

Procedure
The study was conducted in 2017 (the lecture group) and 2018
(the game group) over 6 classes of 1 hour each. This section
outlines their nuances. In the lecture group, before each class,

students were provided with a series of references, including
those related to triage, mass casualty management, the evalu-
ation and treatment of trauma patients, and surge capacity and
capability. Students were required to preview this content
before each class. Students completed a pre-test before the lec-
ture to investigate prior knowledge, a post-test immediately
after the lecture, and a final test at the end of the term (6 weeks
after the course ended). The game group was given a lesson on
general principles through a 1-hour lecture and then received
the same reference materials as the lecture group, which they
were also required to preview before each class. Subsequently,
4 class hours were taught with the application. The last class
hour was used for a course summary and questions and answers.
The game group completed the same pre-test, post-test, and
final test as the lecture group. At the end of the final test, a
brief survey on the student’s opinion of teaching methods
was distributed and completed (Figure 3).

Data Analysis
All data were listed using the SPSS 20.0 software (IBM Corp,
Armonk, NY) for statistical analysis. Only students who par-
ticipated in all 3 tests were included in the analysis. Of the stu-
dents, 2 were absent in the follow-up 6 weeks later and were
therefore excluded from the analysis. Measured data with nor-
mal distribution were described by mean ± standard deviation.
Measured data with non-normal distribution were described by
medians [25% quartiles, 75% quartiles]. Counting data were
constructed using composition ratios. The pre-, post-, and final

FIGURE 2
The Serious Game Interface.
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test scores of the groups were compared using ANOVA for
repeated measurements. The trend line of each group with
indicators at different time points was plotted. The difference
was considered to be statistically significant at an alpha level
of p< 0.05.

RESULTS
Of the 131 medical students were enrolled in the study, 79
were female (60.3%) and the mean age was 23.4 ± 1.1 years.
Table 1 lists the baseline of both groups.

There was no significant difference between the game group
and the lecture group in baseline level characteristics, includ-
ing gender, age, and pre-test results. Knowledge scores were
submitted to a 2x3 mixed design ANOVA in which ‘group’
served as the between—subjects variable, and ‘time of mea-
surement’ (i.e., before, immediately after, and a week after)
served as the within-subjects variable. Mauchly’s test indicated
that the assumption of sphericity had been violated (χ2 =
120.99, p= 0.000). In response, degrees of freedom were

corrected using Greenhouse-Geisser estimates of sphericity
(ϵ= 0.621). Statistically significant results revealed a main
effect of time of measurement (F= 199.49, p= 0.000) and an
interaction between group and time of measurement (F= 3.24,
p= 0.041). To investigate the interaction, we analyzed the
main effects by separately testing the effects of time of measure-
ment for each group and the effects of each group at each time
of measurement. Pairwise comparisons using Bonferroni tests
and a series of 1-way ANOVAs with repeated measures were
performed to separately test the effects of time of measurement
for each group.

In the lecture group (Figure 4), the mean pre-test knowledge
score was 4.4 ± 1.8, the mean post-test score was 7.8 ± 1.2, and
the mean final test score was 6.2 ± 1.5. Repeated measures of
ANOVA with a Greenhouse-Geisser correction (Mauchly’s
test χ2= 53.4, p = 0.000) revealed a statistically significant dif-
ference (F= 100.134, p= 0.000). All 3 pairwise comparisons
with Bonferroni tests were also significant (Table 2).
Meanwhile, in the game-based computer application group
(Figure 4), the mean pre-test knowledge score was 4.5 ± 1.8,
the mean post-test score was 7.6 ± 1.2, and the mean final
test score was 6.8 ± 1.3. Repeated measures of ANOVA
with Greenhouse-Geisser correction (Mauchly’s test
χ2 = 87.6, p = 0.000) revealed a statistically significant

TABLE 1
Baseline of Both the Game Group and the Lecture Group

Item The Game Group The Lecture Group p-value
Gender Male 28 (41.2%) 24 (38.1%) 0.719

Female 40 (58.8%) 39 (61.9%)
Age 23.508 ± 1.105 23.279 ± 1.131 0.816
Pre-test 4.523 ± 1.788 4.389 ± 1.772 0.527

There was no significant difference between the game group and the lecture group in baseline level, including gender, age, and pre-test.

FIGURE 3
General Overview of Study Procedure.

FIGURE 4
Score Curves of the Game Group and the Lecture Group
During Pre-Test, Post-Test, and Final Test Phases.
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difference (F = 105.1, p = 0.000). All 3 pairwise compari-
sons with Bonferroni tests were also significant (Table 2).

In order to test group effects separately at each point of time of
measurement, a between-subjects ANOVA was performed—
there was no statistical difference between the 2 groups at pre-
test and post-test measurement times. A significant difference,
however, was observed in the final test (F= 5.718, p= 0.018)
and the game group demonstrated higher knowledge retention
(6.8 ± 1.3) than the lecture group (6.2 ± 1.5).

Results of Medical Student Views on Game-Based and
Lecture-Based Learning
We compared the ratings of the 2 iterations of the course that
both groups of medical students articulated in the question-
naires. While the results did not reveal any significant differ-
ence in perceived knowledge acquisition (p> 0.05) between
the groups, the game group gave higher scores than the lecture
group to motivation, teaching method preference, course
interest, and enjoyment (p< 0.05). Table 3 details these
results.

DISCUSSION
The aim of this study was to investigate the effectiveness of a
game-based computer application as a tool for teaching disaster
medicine and more specifically, patient surge management to
medical students with a focus on learning and enjoyment.
Comparing the experience medical students had with the same
course taught by lecture and with the application, we found

that the game group’s knowledge of disaster medicine
improved immediately after the course. Ultimately, we found
that teaching patient surge management with the application
enabled medical students to gain more knowledge in disaster
medicine. Our study thus suggests that a game-based computer
application based on the curricular objectives of disaster medi-
cine is an effective pedagogical method.

Our study is similar to Drummond’s,17 which applies an educa-
tional game to teach students about asthma. Meanwhile
Greci’s study introduces a novel,18 immersive 3D game for
training students how best to manage patient surges in a dis-
aster and suggests that such a game-based method is well-suited
to team-based, reflective practice and to learning best practices
for managing patient surges in a disaster. In addition, we also
found that 6 weeks after the last class, the game group retained
more knowledge than the lecture group, a finding similar to
Chittaro and Buttussi’s,19 whose study not only focused on
assessing learning immediately after a class but also on long-
term knowledge retention. Notably, the subjective and physio-
logical measurements in their study show that students found it
more engaging and exciting to learn with a game than with a
lecture—such a meaningful level of engagement explains why
the students that used the game retained more knowledge than
those who learned by lecture. For our purposes, it is helpful to
note that in this study our active learning (i.e., game-based
learning) emerges as a more effective alternative to the passive
learning that is characterized by lecture-based instruction.

Due to the fact that game-based learning enables medical stu-
dents to learn about disaster medicine and multi-patient

TABLE 2
Pairwise Comparisons to Three Time Points

Group Pairs Mean Difference SE p-value 95% CI
The Game Group Pre-test vs. post-test −3.071 0.259 0.000* −3.708~−2.435

Pre-test vs. final test −2.254 0.267 0.000* −2.911~−1.597
post-test vs. final test 0.817 0.079 0.001* 0.624~1.011

The Lecture Group Pre-test vs. post-test −3.412 0.246 0.000* −4.017~−2.807
Pre-test vs. final test −1.765 0.307 0.000* −2.519~−1.011
post-test vs. final test 1.647 0.139 0.001* 1.305~1.989

*p< 0.05. There was significant difference between the pairs.

TABLE 3
The Results of the Investigation of Medical Student Opinions

Items
The Game Group

(Mean Score ± SD)
The Lecture Group
(Mean Score ± SD) p-value 95% CI

1) I was motivated to learn this course. 4.05 ± 0.418 3.87 ± 0.544 0.037* 0.011~0.349
2) I gained much knowledge from this class. 3.98 ± 0.582 3.81 ± 0.553 0.080 −0.021~0.372
3) I liked the teaching method in this course. 4.10 ± 0.429 3.88 ± 0.474 0.008* 0.056~0.370
4) This course was interesting. 3.97 ± 0.507 3.74 ±0.510 0.010* 0.058~0.408
5) All in all, I enjoyed this course. 4.03 ± 0.538 3.78 ± 0.484 0.005* 0.429~0.430

*p< 0.05. There was significant difference between the game group and the lecture group.
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management by engaging in the processes of deduction and
discussion, it has an advantage over simulated situations.
More specifically, game-based learning strategies which place
active participation and interaction at the center of the learn-
ing experience engage students far more effectively than lec-
tures.11 Using game-based computer applications in the
classroomwill thus provide an opportunity for learners to apply
acquired knowledge and experiment with and get feedback in
the form of consequences or rewards, which can help them
readily engage in learning experiences in the safety of the ‘vir-
tual world.’20

Another important difference between both methods in our
study was that the game group had higher feedback grades than
the lecture group. This may result from the fun inherent to
game-based learning which may have made the classes more
interesting for and attractive to students. Along these lines,
Sward’s study demonstrated that the willingness to continue
learning was higher among students in an educational game
group than that those in a traditional learning group.21 In addi-
tion, Buijs-Spanjers’s study indicates that the distinguishing
feature of educational games may be that students enjoy them-
selves more when they are studying than when they are not.22

All in all, educational games can be enjoyable and motivating
ways to encourage knowledge acquisition and retention in stu-
dents because they involve group interactions, competition,
and fun.23

LIMITATIONS
First, our experimental design is a cohort study, not a random-
ized group study and moreover, since participants volunteered
to enroll in our disaster medicine course, they were already
interested in the topic of study indicating a slight bias. To
determine whether or not the course will be equally effective
for other medical students will thus require further research,
especially that which uses a randomized sample. Second, our
participants were all part of our institution—the West
China School of Medicine at Sichuan University. Applying
our game in different institutions may yield different results
due to the differences in teacher abilities and medical student
characteristics. Moreover, because our study used a very spe-
cific game-based computer application (our own) to teach dis-
aster medicine, prudence is required when extrapolating these
results to analyze other game-based computer applications.
Lastly, it is important to note that several students in the game
group were confused at the beginning of the course because
they had to change their learning strategies to adapt to learning
with the application.

CONCLUSION
Our success with our application suggests that such games may
be effective tools with which to teach disaster medicine (espe-
cially patient surge management). Against the lecture format,
this pedagogical strategy enabled medical students to master

and retain knowledge for a longer period of time while also
enjoying the learning process. As an effective and enjoyable
pedagogical strategy, game-based learning may well encourage
life-long learning, the key goal of countless curricula.
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