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Learning out of the box: Fostering
intellectual curiosity and learning skills
among the medical students through
gamification

Mohan Bilikallahalli Sannathimmappa, Vinod Nambiar, Rajeev Aravindakshan'

Abstract:

BACKGROUND: Gamification involving application of elements of game play that provides unique
opportunities to learners to sail through complex medical concepts is gaining importance in medical
education. The current study was aimed at assessing the perception of medical students regarding
checkerboard game in enhancing learning process.

MATERIALS AND METHODS: The present prospective cross-sectional study was conducted at the
microbiology department. The fifth-year medical students of the academic year 2018—19 were the
participants. Pre- and post-test scores and self-administered questionnaire regarding effectiveness
of the checkerboard game-based learning were used as assessing tools. The data were collected,
tabulated, and statistically analyzed using SPSS version 20. The pre- and post-test scores of students
were statistically analyzed using paired f test. A descriptive analysis on the 3-point Likert scale of
effectiveness survey was measured and expressed in percentages.

RESULTS: In total, 124 fifth-year medical students participated in the study. Majority (89.5%) of them
liked the game, nearly 86% opined that game was enjoyable and created interest. Approximately
88% indicated game helped them to understand the topic, enhanced learning, and thus improved the
knowledge. Most students (79%) also believed that game encouraged critical thinking and problem
solving, while 75% felt that it improved their communication skills. Around 70% felt that game was
also useful for exam preparation and nearly 90% recommended to use the game more frequently.
CONCLUSION: From the results of the study, it can be concluded that checkerboard game-based
learning method is effective in fostering learning process and cognition of medical students in the
microbiology course.
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the past two decades, medical curricula
have been modified.”! The rapid progress

Introduction

One of the main hurdles in medical
education is the mammoth quantity
of knowledge students must acquire in
a limited time.l'? It is a great challenge
for medical educators to design and
implement teaching methods that promise
improvement in students’ learning and
academic performance.®* To tame this
problem and achieve better results, in
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in modern technology has resulted in
a paradigm shift in medical education
globally from teacher-centered to
learner-centered learning approaches.l*”!
Several learner-centered active learning
approaches such as problem-based
learning (PBL), crossword puzzles, card
and board games, role-playing, case-based
learning, team-based learning, Kahoot
online quizzes, and others have been
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implemented in curricula by medical educators
globally %! Literature indicates that these alternative
teaching approaches which are student focused are more
effectual in promoting students’ interest and enhancing
their knowledge as compared to teacher-centered
traditional didactic lectures, where students are passive
learners.['>17!

Medical microbiology is one of the courses taught in
the fifth-year integrated curricula at the College of
Medicine and Health Sciences (COMHS), National
University of Science and Technology, Oman. In this
course, students are required to learn about pathogens
and their pathogenic mechanisms, clinical features,
laboratory diagnosis of infectious diseases, and their
management including pharmacotherapy. Students must
acquire strong comprehensive knowledge and apply this
knowledge for better understanding of clinical diseases,
diagnosis, and their management.’! Students often
struggle to learn and understand complexity of the topics
covered in microbiology. Hence, it is imperative to train
the students in microbiology course using active learning
tools that encourage students’ learning and foster their
critical thinking, interpretational skills, collaborative
learning, communication skills, and cognition.!!

Studies have shown that present millennial learners
are likely to remain better engaged in an educational
activity if game-based technology is involved.!8%
Game-based learning methods are widely recognized
as games are more effective, involve easy learning
process, learner centered, interesting, and fun filled.!
Kahoot on line quizzes, Web-based learning techniques,
Card and board games including checkerboard are few
platforms that involve gamification!>”"?! Gamification
in education refers to the utilization of game mechanics
with preset rules to promote learners’ engagement and
stimulate their active participation, thus improving their
knowledge rather than just entertainment.>*! Card and
board games promise higher motivation among students
and enhance their learning process in an interactive,
rule-based, and competitive way.[' Furthermore,
game-based learning allows active discussion among
learners that assist in enhancing learners’ communication
skills, critical thinking, problem-solving ability,
and social collaboration, and thereby result in the
attainment of higher order cognition,? all of which
are highly essential prerequisite for medical students.™
On thorough literature search, the authors could not
find research studies on effectiveness of checkerboard
game-based learning among undergraduate medical
students in microbiology courses. Hence, this study
was carried out to implement checkerboard games in
microbiology courses and assess students’ perception on
the usefulness of this game-based learning in promoting
their learning process.

2

Materials and Methods

Study design and setting

Game design

The current study was a cross-sectional study. The
checkerboard game originally designed by Valente et al.
was modified and used for the activity?! Checkerboard
game activity was conducted on the topic of mechanism
of antibiotic action and antimicrobial resistance. The
design of the card and board used for checkerboard game
activity is illustrated in Figures 1-3.

The game consists of illustrated board [Figure 1] and is
played with dice and pawns. The game board consists
of 120 squares with start and endpoints. The students
were instructed to move their pawns along the path as
directed in the board. This path contains 78 numbered
squares, 15 squares with names of antibiotics, 5 squares
with mutation, and 22 squares with a question mark.
Two types of cards, red and yellow, were used. Each
red card [Figure 2] consists of a clinical case scenario,
the pathogen which is isolated, and its antibiotic
susceptibility pattern. In red card, there is also an
information regarding the susceptibility change in case of
mutation of the microorganism. Another type of card is
a yellow card [Figure 3], each yellow card has a question
on its front side and the answer to the question on the
backside of the card.

The study material of the topic for the activity was
provided to all the participants 1 week prior to the
activity. On the day of the activity, students were divided
into a group of 10 and from each group, one player was
selected as a captain by the group members to monitor
the group. Detailed information about the rules of the
game and how to play was instructed to everyone. Before
starting the game, students were asked to complete
the pretest individually. The pretest consisted of 10
questions related to learning objectives of the topic to
know their previous knowledge. After collecting the
pretest papers, a game board, red and yellow cards,
dice, and pawns were provided to each group. Each
student in the group was allowed to pick up one red
card containing unique information such as clinical case
scenario, pathogen isolated from the clinical specimen,
and antibiotic susceptibility pattern. Students must carry
the same red card till the end of the game. The students in
the group were instructed to begin the game by keeping
their respective color-coded pawns at the start point of
the checkerboard. Each player rolls the dice and play in
rotation in a clockwise direction. The player who starts
the game must roll the dice and move his/her pawn
according to the rolled number along the path on the
board. Whenever a player stands on the square with a
name of an antibiotic on it, he/she must check his/her
red card for antibiotic susceptibility pattern (susceptible/
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Figure1: lllustration of board used for the checkerboard game activity

A 37-year-old woman has pain on g. Urine culture was performed.
Etiologic agent: Escherichia coli ( Gram-negative rod)

Antibiogram
Sensitive (S

Ciprofloxacin

Chloramphenicol

[Clindamycin ]
Sulfonamide

[Vancomycin |

*Mutation: Penicillin R

Gentamicin
etracycline
Erythromycin
Clindamycin
Vancomycin

Figure 2: An example of a red card used for the activity

Question 1 (front side of yellow card)
Would you like to prescribe vancomycin immediately to treat infection
caused by all strains of staphylococcus aureus? Justify your answer

Answer to Question 1 (Backside of the yellow card)
Vancomycin is the drug of choice for treating MRSA infection. Overuse of
vancomycin for all staphylococcal infection may result in development of
vancomycin resistance. Therefore, to avoid development of vancomycin

resistance, it should be prescribed only when it is needed. Viz. in case
of MRSA infection

Figure 3: Example of a yellow card used for the activity

resistance/intermediate) of the corresponding antibiotic.
If the pathogen is susceptible, the player moves his/her
dice three squares ahead; if resistant, a player moves his/
her dice one square back; and if intermediate, a player
will remain in the same square.

Whenever the player lands on a square with a question
mark, the player immediately on his left must take out
one of the yellow cards from the top of the stack of yellow
cards and read the question written on the front side of
the group. The player who has landed on the question
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mark square must answer the question first. If he/she
could not answer, the question will be passed to other
players (except the person holding the yellow card) in a
clockwise direction until a question is answered. After an
answer was obtained or no one in the group was unable
to answer the question, the player holding the yellow
card must read out the answer for the question written
on the backside of the card. Everyone in the group must
discuss and decide whether the answer given by group
members is correct or not. If the answer is correct, the
player who answered the question correctly must move
five squares ahead and if the answer is wrong, he must
move back his pawn two squares backward. The yellow
card will then be kept at the bottom of the yellow card
stacks. The group leader decides the answer given by
the player as correct or incorrect and accordingly awards
the points. If his/her answer is wrong, answers of the
other group members in a clockwise direction will be
discussed by the group members to award points and
each time, points will be awarded to one student only. If
any player lands on a square written mutation on it, he
must return to starting point (Initial Square) and should
proceed again as explained above, except that he must
follow antibiotic susceptibility pattern corresponding
to the mutation of the suffered pathogen. The player
will be considered winner when he reaches the final
square (endpoint).

Study participants and sampling

The present study was conducted at the Department of
Microbiology, COMHS, Oman. The fifth-year medical
students of the academic year 2018-19 were the study
participants. The study was approved by Institutional
Ethic and Review Committee [Approval no: CMHS/
REC/039/19/C]. All students were briefed about the
study and all willing students were enrolled. Unwilling
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students and the students who did not complete the
study were excluded from the study.

Data collection tool and technique

Pretest and posttest scores and self-administered
questionnaire to assess medical students’ perception
of the checkerboard game-based learning were used
as assessing tools. The completed pretest and posttest
forms were collected, tabulated, and evaluated. In
addition, the completed predesigned self-administered
questionnaire used to assess the students’ perception
on the effectiveness of the checkerboard activity was
collected at the end of the activity. The evaluation
was performed on a 3-point Likert scale (3 = no,
2 = neutral, and 1 = yes). Annexure 1 is the sample of
the questionnaire utilized for collecting the students’
responses on effectiveness of the checkerboard game
based technique in promoting their learning process.

Statistical analysis

The data were collected, tabulated, and statistically
analyzed using Microsoft Excel and Statistical Package
for the Social Sciences (SPSS) software, version 20 (SPSS
Inc., Armonk, NY: IBM Corp). The test items were
scored as 1 for correct and 0 for wrong. The scores were
calculated by adding up the item scores for pre- and
posttests. The pretest and posttest scores of students were
statistically analyzed using paired t-test. A descriptive
analysis on the Likert scale of effectiveness survey was
performed and tabulated.

Ethical consideration

The current study was approved by the Institutional
Research and Ethics Committee [Approval no: CMHS/
REC/039/19/C].

Results

In total, 124 medical students of the academic year
2018-19 were participated in the study. The paired
sample t-test between pre- and post-test scores [Figure
4] of the checkerboard activity showed considerable
improvement in the knowledge of students (t = -64.122;
df = 123; P < 0.0001). Table 1 depicts the results of
questionnaire regarding participants’ opinions on

8.76 £ 1.015

4.41 +0.988

Pre-test (N = 124) Post-test (N = 124)

Figure 4: Pretest and Posttest scores

the effectiveness of the checkerboard activity in their
learning process in microbiology. All students said that
game design was clear, majority (89.5%) of them liked
the game, nearly 86% opined game was enjoyable and
created interest, and 87% believed the game promoted
their active participation. Approximately 88% indicated
that game helped them to understand the topic, it is an
important way of enhancing learning, and thus improves
the knowledge. Most students (79%) also believed that
game encouraged critical thinking and problem solving,
while 75% felt that it improved their communication
skills. Concerning exam preparation, 71% opined that
game would help in identifying and understanding
key concepts of the topic and thus benefits in better
exam preparation. Finally, most (88%) of the students
considered checkerboard as a good/excellent tool and
suggested for conducting such activity more frequently.
Figure 5 depicts the world cloud of global comments by
our participants related to perception of checkerboard
activity.

Discussion

Over the past couple of decades, with the advances in
technology, there is growing evidence of adaption of
gamification in medical education. The current millennial
learners have better knowledge on digital game-based
technology. Therefore, adapting to game-based teaching
techniques in medical education would generate more
inclination toward learning among medical students.!”!!
Literature search revealed use of several different
game-based learning tools such as web-based, Kahoot,
card, and board games by medical educators globally.*'"]
However, to the best of our knowledge, the present study
pertaining to assessment of effectiveness of checkerboard
game-based activity in promoting students’ learning is
the first of its kind of study in microbiology.

e BUrden we

Hou

Figure 5: Word cloud of global comments on the perception of checkerboard
activity
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Table 1: The opinion of students regarding the usefulness of checkerboard activity

Questionnaire No n (%) Neutral n (%) Yes n (%)
Did you like the checkerboard activity? 1(0.8) 12 (9.7) 111 (89.5)
Was the design of the game clear? 0 0 124 (100)
Do you think checkerboard activity is enjoyable and creates interest in the topic? 6 (4.8) 11 (8.9) 107 (86.3)
Do you think checkerboard activity stimulated your active participation in discussion? 11 (8.9) 5(4) 108 (87.1)
Did the game help you to understand the topic better? 6 (4.8) 8 (6.5) 109 (87.9)
Do you think checkerboard game helped to improve your communication skills? 14 (11.3) 17 (13.7) 93 (75)
Did the game help to improve your critical thinking or problem solving ability? 12 (9.7) 14 (11.3) 98 (79)
Did the game improve your knowledge of the topic? 7 (5.6) 8 (6.5) 109 (87.9)
Do you think checkerboard game based activity is a good educational tool to 8 (6.5) 7 (5.6) 109 (87.9)
promote and improve students’ learning?

Do you recommend to conduct such activity in future? 2(1.6) 13 (10.5 109 (87.9)
Do you think checkerboard- game based activity help in better exam preparation? 23 (18.5) 13 (10.5 88 (71)

Alternative teaching methods in microbiology are
gaining importance because of several reasons. First,
mammoth quantity of course material students must
study, understand, and digest within a short period.
Second, traditional didactic lectures involving delivery
of content in a large classroom are less effective in
provoking students’ interest, and fostering their
interaction, active participation in discussion, and
communication. To tame the shortfall of traditional
didactic lectures, alternative teaching techniques
including educational games are most valuable. In these
game-based activities, students are divided into small
groups and allowed to discuss on a particular topic.
This, in turn, escalates learners” motivation, engages,
and energizes their active participation in discussion,
and communication with peers. Several studies in
the past have proved that learning techniques that
involve learners’ active participation would result in
acquisition of better knowledge.”*?!! In game-based
learning, students learn by fun; hence, they are better
motivated. Furthermore, games improve their active
participation, enhance interaction and engagement, and
improve communication with peers.””! In our study,
majority (86%) of participants welcomed the game
and felt that the game was enjoyable and provoked
their interest on the topic, also expressed that the game
stimulated their active participation in discussion and
communication with the peers of the group, thus their
knowledge on the topic was improved significantly. This
students’ perception was supported by considerable
improvement in posttest scores compared to pretest
scores of the participants (P < 0.0001), suggesting
significant refinement in their intellectual skills.
A similar study conducted by Valente et al. also showed
improvement in posttest scores of the participants.?!
For a question asked in relation to usefulness of the
game in academic exam preparation, approximately
30% responded either as no or neutral. Some of the
participants opined that the usefulness of checkerboard
game in exam preparation with couple of activity cannot
be judged. However, 70% believed that game would
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help in identifying key areas and understanding key
concepts of the topic, thus would lead to better exam
preparation. One of the limitations of our study is we
did not analyze game-based learning and its outcome
on exam results. Therefore, further studies are needed
to confirm this students’ perception by comparing
students” exam scores on the topics covered through the
game with the topic covered by regular didactic lectures
or other teaching modalities. Overall, most students
expressed their satisfaction for the game and suggested
for conducting game-based activities frequently. Finally,
most educational games are inexpensive, feasible, widely
accepted by learners, and are effective in enhancing
learning process, thus making them better learners.!

Limitations and recommendation

The present study has few limitations. It is a
single-centered study with a small sample size (1 = 124)
comprising fifth-year medical students of COMHS.
Hence, findings of our study cannot be generalized, and
the results must be validated by further multicentric
studies.

Conclusion

From the current study, it is recommended that
checkerboard game-based activity is an effective
education tool to promote a powerful learning
experience among medical students in undergraduate
medical courses including microbiology. Furthermore,
because of feasibility and easy adaptability, the
checkerboard can be considered as a perfectly tailored
invaluable, inexpensive, and highly effective tool to
improve students’” engagement, communication, and
cognition.
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