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lenges in comprehension and retention of information. Hence, CARd & Board
GAmes in Medical Education (CARBGAME) was introduced and evaluated for
its effectiveness in enhancing learning, application, and retention of knowl-
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edge in clinical enzymology via gamification context. This mixed-method study
involved 150 first-year undergraduate medical students. Before the game, stu-
dents completed a pre-test in clinical enzymology. Later they were divided into
25 small groups to compete in the board game designed for enzymology in bio-
chemistry. The students took turns throwing the dice and answering the ques-
tions on the game board to continue moving forward. The first team to reach
100 and solve the case-based question was deemed the winner. Following the
board game, the students took up the post-test to compare the educational
impact of the innovation. Also, the subsequent internal assessment scores were
compared with previous batch who were not implemented with this interven-
tion. Then students evaluated the effectiveness of CARBGAME—Clinical
Enzymology using a 32-item questionnaire on 5-point Likert scale. The feed-
back obtained on a 10-point rating scale and for qualitative analysis, students'
and faculty perceptions were recorded in small groups. CARBGAME received
overwhelmingly positive feedback from both students and faculty. It was per-
ceived well by students for being fun, relevant, consistent, motivating, collabo-
rative, and promoting experiential learning. The game's low-stakes approach,
effective feedback, and sense of accomplishment were highly appreciated,
making it a valuable tool for education. A significant improvement in knowl-
edge was recorded, from a mean score of 8.37 + 1.126 on a 20-point scoring
scale before the game to 16.53 + 1.219 after with a p-value of 0.0001. The
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1 | INTRODUCTION

Over recent years, there have been revolutionary changes
in the way medical education is approached, particularly
after the COVID-19 pandemic." Many pedagogical inno-
vations to foster active, student-centered learning are
emerging and games are one of the crucial components
of this paradigm shift.” Learning with games offer active
engagement, motivation, immediate feedback, critical
thinking, collaboration, and real-world application. It
enhances retention, provides a safe space for experimen-
tation, and integrates multimedia for effective, enjoyable
learning.” Thus, games have the ability to ease the pro-
cess of learning and make the learning experience joyful
as well as meaningful.*

During early medical training, undergraduate stu-
dents often find biochemistry a challenging topic.” Partic-
ularly topics like clinical enzymology which has abstract
concepts can be challenging to visualize and grasp. Clini-
cal enzymology involves a shift from theoretical chemis-
try concepts to the practical application of enzymes in
diagnosing and understanding diseases. This transition
can be perplexing for students as they navigate the com-
plex interplay between biochemical pathways and clinical
manifestations. In addition to this, clinical enzymology
demands a thorough understanding of enzymatic kinet-
ics, which requires a grasp of intricate equations and con-
cepts that may be challenging to those without a strong
background in chemistry.°

Also, the sheer diversity of enzymes and their associ-
ated disorders, different types of inhibition and regula-
tion mechanisms can overwhelm students, necessitating
the memorization of numerous enzyme names, func-
tions, associated pathologies and mechanisms.” Further-
more, the integration of clinical enzymology into broader
medical contexts, such as understanding the role of
enzymes in various organ systems and diseases as

comparison of the internal assessment scores between the intervention and
non-intervention group of students also showed a significant improvement
among those implemented with CARBGAME (p < 0.0001). The CARBGAME
innovation has achieved the intended outcome of promoting active learning
and enhanced performance in clinical enzymology. Highly positive responses
from faculty and students also indicate the exigent need to introduce innova-
tive components like games into curricula to achieve student engagement and
promote a meaningful learning experience.

active learning, biochemistry, board game, cards, clinical enzymology, gamification,
innovation, medical education

markers and therapeutic agents, demands critical think-
ing skills and the ability to connect biochemistry with
clinical scenarios.® These challenges cumulatively con-
tribute to the complexity of learning clinical enzymology,
thereby requiring dedicated effort and newer learning
strategies to navigate these successfully and enhance the
learning experiences of students.

In light of this, identifying the lacunae in traditional
teaching methods to ignite student interest and promote
active learning of concepts, the CARBGAME—(CARd &
Board GAmes in Medical Education) was designed to
ease the process of learning.® The goal of implementing
“CARBGAME” for clinical enzymology is to bridge the
gap between theoretical knowledge and practical applica-
tion by creating a dynamic learning environment where
students can manipulate enzymatic reactions, simulate
diagnostic scenarios, and make clinical decisions based
on enzyme markers. Through this gamified approach,
CARBGAME aims to simplify the understanding of intri-
cate enzymology processes, encourage critical thinking,
and facilitate a deeper connection between biochemistry
and clinical practice.

2 | METHODS

This is a mixed-method study conducted during February
2023, involved 150 first-year undergraduate medical stu-
dents pursuing MBBS (Bachelor of Medicine & Bachelor
of Surgery) degree at the Panimalar Medical College Hos-
pital & Research Institute, Chennai, Tamil Nadu, India.
The study was approved by the Institutional Human
Ethics Committee of the Panimalar Medical College Hos-
pital & Research Institute (PMCH&RI/IHEC/059; Dated:
133 15.03.2022). All data were anonymously collected to
ensure participants' confidentiality. Participation in the
study was voluntary and written informed consent was
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FIGURE 1
CARBGAME, CARd & Board GAmes in Medical Education.

obtained from all the participants. Participants were
allowed to withdraw from the study at any time.

2.1 | Designing of “CARBGAME”-clinical
enzymology

The “CARBGAME,” a 10 x 10 game board with 100 boxes
was designed. 70 blocks posed questions to the players on
clinical enzymology and the remaining 30 were extras.
The topics covered in clinical enzymology include:
(i) enzyme structure and function, (ii) enzyme classifica-
tion, (iii) enzyme Kkinetics, (iv) enzyme inhibition,
(v) isoenzymes, (vi) enzyme regulation, (vii) enzyme dis-
orders, (viii) enzyme assays, (xi) enzyme markers in
disease diagnosis, and (x) therapeutic enzymes. Questions
or instructions were provided in every box. Among the
70 boxes with questions, 11 boxes were represented with
a red dot. These boxes mandated the answer to be given

6
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CARBGAME: clinical enzymology game board: a 10 x 10 board with questions for learning clinical enzymology.

only by the player who rolled the dice or has been nomi-
nated without discussing it with the team members.
Among the 30 extra boxes, 5 safe boxes, 15 gift boxes, and
10 instructions boxes were created. Upon landing on safe
boxes, the players need not answer any questions. 15 gift
boxes were categorized into 5 ATP boxes, 5 FADH2 boxes
and 5 NADH?2 boxes that provided the players with 1, 2,
and 3 bonus moves ahead respectively. Furthermore,
there were 10 instruction boxes where players had to fol-
low the instructions provided to proceed with the game.
Each team was provided with 3 skipping star cards to
skip any 3 questions during the game. Finally, upon
reaching the 100th box, a winning card was provided
with a case-based question. The first team to solve this
case-based question was deemed the winner of
CARBGAME-clinical enzymology. The board for
CARBGAME-clinical enzymology is shown in Figure 1.
The game material and instruction files are provided in
the Supporting information.
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2.2 | Conduct of “CARBGAME”-clinical
enzymology

Before the game, a pre-test with 20 multiple-choice ques-
tions with 10 knowledge-based and 10 application-based
questions was conducted. Later students were briefed
about the game instructions and all queries were clari-
fied. 150 students were divided into 25 small groups with
6 players in each team. A faculty was allotted for every
team. Each team was provided with the game board,
cards, and dice. Players had to throw a one on the dice to
begin. Later, players took turns throwing the dice in the
same order throughout the game. As the players provided
correct answers to the questions, they proceeded forward
on the game board. They were allowed to discuss with
the team members except for questions on the boxes
with a red dot. Answers given in the first attempt were
considered final. If wrong answers were provided, players
went back by 5 moves on the board and continued the
game. In case the players landed on the same block
which they didn't answer, in the next turn, they
attempted again to find the right answer, used a skipping
star or continued going back by 5 moves. The first team
to reach the 100th box and solve the case-based question
was the winner of CARBGAME-clinical enzymology. The
estimated time to complete this game was 60 minutes. At
the end of the gaming session, all the students took up
the post-test to compare their level of knowledge
improvement.

2.3 | Evaluation of CARBGAME

The pre- and post-test analysis was done to evaluate the
educational impact of CARBGAME. Also, after the game,
all students recorded their perceptions about CARB-
GAME for clinical enzymology using a 32-item question-
naire on a 5-point Likert scale. Their feedback regarding
CARBGAME was also obtained using a 5-item question-
naire on a 10-point rating scale. For qualitative analysis,
small group interviews were conducted to obtain stu-
dents' and faculty views and opinions about CARB-
GAME. Content analysis was performed and the
responses were segregated into different themes. In addi-
tion to this, for a more objective evaluation, the effective-
ness of CARBGAME was compared with traditional
teaching methods. The subsequent internal assessment
scores of students implemented with CARBGAME and
previous batch of students who followed traditional
teaching on the same topic was compared. This also
served as an analysis for evaluating the game's potential
to enhance retention of concepts and application of

knowledge over a period of time and not just immedi-
ately after the game.

2.4 | Data analysis

The questionnaire was categorized into six domains:
domain 1: design of CARBGAME, domain 2: gaming
environment in CARBGAME, domain 3: motivation
while playing CARBGAME, domain 4: learning experi-
ence with CARBGAME, domain 5: assessment & feed-
back in CARBGAME and domain 6: play & learn with
peers. A descriptive analysis was conducted on the con-
tinuous variable, reporting the mean and standard devia-
tion (SD). To compare differences in the continuous
variables, the t-test and Analysis of variance (ANOVA)
were used. For non-normally distributed data, the Mann-
Whitney U test and the Kruskal-Wallis test were applied.
All statistical analyses were performed using Statistical
Package for Social Science (SPSS, version 17) for Micro-
soft Windows, SPSS Inc. USA, with a significance level
set at p < 0.05. Qualitative data from open-ended ques-
tions and one-to-one interviews were recorded to under-
stand the students’ and faculties' responses.

3 | RESULTS

This game was designed for 150 first-year medical stu-
dents. 93.7% of the participants were equal to or less than
the age of 20 while 6.3% were greater than 20 years of
age. 68.5% were female participants while 31.5% were
males. The educational impact of the innovation was
assessed by comparing the pre- and post-test scores on
clinical enzymology that comprised 20 Multiple Choice
Questions. There was a highly significant improvement
in knowledge from a pre-test score of 8.37 + 1.126
(mean + SD) to a post-test score of 16.53 + 1.219 (mean
+ SD) with a p-value of 0.0001.

The 32-item questionnaire for the perceptions of stu-
dents towards the effectiveness of CARBGAME gamifica-
tion tool recorded on a 5-point Likert scale revealed
highly favorable responses across six distinct domains,
offering valuable insights into its effectiveness and
impact. Learners appreciated the game's alignment with
their knowledge and skills (94.6%), tailored gameplay
(83.8%), and consistent rules (96.4%), contributing to an
engaging learning environment (99.1%). The game's
design sparked curiosity (98.2%) and active discovery
(96.4%), encouraging social interaction (91.9%) and col-
laboration (98.2%). CARBGAME effectively motivated
learners (96.4%), making the learning of enzymology
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TABLE 1 Students’ perceptions towards CARBGAME—clinical enzymology.

Strongly Neither agree Strongly
agree Agree nor Disagree disagree
Perceptions (%) (%) disagree (%) (%) (%)
Domain 1: design of CARBGAME
The questions on enzyme card & board game was related to my 414 53.2 5.4 0.0 0.0
knowledge and skills.
The level of the enzyme card & board game is tailored on the 333 50.5 13.5 2.7 0.0
basis of the player's abilities.
There was consistency in the rules while playing the enzyme card  39.6 56.8 3.6 0.0 0.0
& board game using the CARBGAME tool.
Understanding the rules and functioning of the enzyme card & 62.2 36.0 1.8 0.0 0.0
board game were easy.
The complexity of the game was not harder than the learning 40.5 45.9 11.7 1.8 0.0
content of the game.
The enzyme card & board game was well-designed with rewards 51.4 414 5.4 0.9 0.9
and surprises that motivated me to engage more in the game.
The enzyme card & board game is sustainable and can be easily 40.5 49.5 6.3 3.6 0.0
reused at any time and place.
Domain 2: gaming environment in CARBGAME
The card & board game created a fun-filled and engaging 73.9 25.2 0.9 0.0 0.0
environment to learn enzymology.
The enzyme card & board game created curiosity and sense of 66.7 31.5 0.9 0.9 0.0
exploration.
The enzyme card & board game engages the player in active 52.3 44.1 3.6 0.0 0.0
discovery.
The enzyme card & board game is often multiplayer or social. 54.1 423 3.6 0.0 0.0
The enzyme card & board game can be completed within a fair 36.0 49.5 11.7 2.7 0.0
time frame.
During the enzyme card & board game the players are engaged in ~ 46.8 48.6 3.6 0.9 0.0
pursuing a goal.
Domain 3: motivation while playing CARBGAME
The enzyme card & board game has evoked motivation to learn. 58.6 37.8 2.7 0.9 0.0
The CARBGAME tool has ignited my interest towards learning 60.4 351 2.7 1.8 0.0
enzymology in biochemistry.
The enzyme card & board game is a meaningful way of learning 56.8 42.3 0.9 0.0 0.0
using CARBGAME as an innovative gamification tool.
The enzyme card & board game has made my learning 48.6 48.6 2.7 0.0 0.0
experiential.
Domain 4: learning experience with CARBGAME
The enzyme card & board game fosters the ability to transfer 459 49.5 4.5 0.0 0.0
learning from the game context to a real context.
The enzyme card & board game created a non-threatening 49.5 48.6 1.8 0.0 0.0
environment to learn.
The enzyme card & board game provides an opportunity to try, 58.6 39.6 0.9 0.9 0.0
make mistakes and learn with minimal penalty.
I was able to recall what I have studied by playing the enzyme 56.8 39.6 3.6 0.0 0.0
card & board game by using the CARBGAME as an innovative
gamification tool.
The enzyme card & board game reinforced my learning through 48.6 47.7 3.6 0.0 0.0

repetition of information in lectures and textbook.

(Continues)
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TABLE 1 (Continued)
Strongly Neither agree Strongly
agree Agree nor Disagree disagree
Perceptions (%) (%) disagree (%) (%) (%)
Domain 5: assessment & feedback in CARBGAME
The enzyme card & board game has ensured immediate and 40.5 55.0 4.5 0.0 0.0
effective feedback for learner development.
During the enzyme card & board game the player can assess the 54.1 45.0 0.9 0.0 0.0
acquired knowledge or skill with other players.
The enzyme card & board game served as a platform to test my 52.3 45.0 1.8 0.9 0.0
knowledge rather than mere representation of facts.
Immediate and contextualized feedback is supplied during the 351 55.0 9.0 0.9 0.0
enzyme card & board game session.
Domain 6: play & learn with peers
The enzyme card & board game has improved my social 54.1 37.8 6.3 0.9 0.9
interaction skills.
The competition in the enzyme card & board game has 53.2 39.6 5.4 1.8 0.0
encouraged me to perform better.
The enzyme card & board game has facilitated collaborative 54.1 44.1 1.8 0.0 0.0
learning.
During the enzyme card & board game players are gradually 36.9 49.5 10.8 2.7 0.0
challenged because they cannot move freely among the game
levels.
Solving the enzyme card & board game required integration of 53.2 423 4.5 0.0 0.0
knowledge and skills from all types of learners.
Completing the enzyme card & board game using CARBGAME as  55.0 414 2.7 0.9 0.0

an innovative gamification tool has created satisfaction and sense
of accomplishment in me.

Abbreviation: CARBGAME, CARd & Board GAmes in Medical Education.

experiential (97.2%) and meaningful (99.1%). It facilitated
the transfer of learning to real-world contexts (95.4%)
and offered immediate feedback for development (95.5%).
The tool's collaborative aspects were evident in both self-
assessment (97.3%), peer assessment (99.1%) and social
interaction (91.9%), promoting healthy competition
(92.8%) and a sense of accomplishment (96.4%). Overall,
the CARBGAME gamification tool demonstrated its
value in enhancing the enzymology learning experience
through engagement, motivation, and collaborative
learning opportunities. Table 1 provides a detailed repre-
sentation of students' perceptions towards CARBGAME
for clinical enzymology. Tables 2 and 3 show the feed-
back rating and qualitative responses from students and
faculty towards the effectiveness of CARBGAME for clin-
ical enzymology.

Furthermore, the comparative analysis of the subse-
quent internal assessment scores of the present batch of
students implemented with CARBGAME and the

previous batch of students who followed traditional
teaching on the same topic revealed a statistically signifi-
cant improvement in academic performance of the inter-
vention group compared with control group. The overall
scores for internal assessment was 100 which included
long answer questions, short answer questions and multi-
ple choice questions The mean score of the non-
intervention batch of students was 52.12 + 4.6 and for
the intervention batch, it improved to 67.30 + 5.4 with a
p-value of 0.0001. Both the internal assessment question
papers were reviewed for same level of difficulty and
diversity in questions to ensure a fair comparison.

4 | DISCUSSION

This study assessed the impact of the CARBGAME inno-
vation on clinical enzymology among first-year medical
students. Notably, the game exhibited a significant
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TABLE 2

Rating

Students' feedback - CARBGAME - Clinical Enzymology.

Feedback item

How helpful was the CARBGAME
gamification tool in terms of development
of critical thinking in clinical enzymology?

How helpful was the CARBGAME
gamification tool in terms of future
application of knowledge in clinical
enzymology?

How helpful was the CARBGAME
gamification tool in terms of sharing
knowledge related to clinical enzymology
in your group?

How helpful was the CARBGAME
gamification tool in terms of self-
assessment of your learning gaps in clinical
enzymology?

How helpful was the CARBGAME
gamification tool in terms of arousing
interest in active learning of clinical
enzymology?

1

0% 0%

0% 0%

0% 0.94%

0.93% 0%

0% 0.94%

Abbreviation: CARBGAME, CARd & Board GAmes in Medical Education.

TABLE 3 Feedback from students and faculties towards
CARBGAME—clinical enzymology.

Students’ responses Faculty responses

“CARBAGME is a new method
that I have encountered. It is
certainly one of the most
creative ways to enhance
learning”

“CARBGAME innovation in
biochemistry is a very effective
and impactful learning tool”
“Even I have faced difficulty in
studying enzymology chapter,
but CARBGAME seems to ease
the learning process”
“CARBGAME for clinical
enzymology is certainly an
innovative and highly effective
tool to learn biochemistry”
“CARBGAME has served its
purpose of engaging students
into active learning of clinical
enzymology which they would
have not done in traditional
classroom or using textbooks”

“I thoroughly enjoyed
playing CARBGAME”
“Never knew learning could
be made this interesting”
“CARBGAME is most useful
to learn easily evaporating
concepts”

“Enzymology was hard
initially but now it is very
interesting”

“It has so much clinical
applications that makes
CARBGAME very special”
“While learning with
CARBGAME you don't get
burdened”

“If CARBGAME was not
there, enzymology would
have been so dry and difficult
to learn”

Abbreviation: CARBGAME, CARd & Board GAmes in Medical Education.

improvement in knowledge levels and received favorable
feedback for its customized gameplay, motivational
aspects, and collaborative learning features. The game's

0%

0%

0%

0%

0%

9
18.69%

10
55.14%

6
2.80%

7
6.54%

8

0.93% 3.74% 12.15%

0.93% 093% 2.80% 13.08% 11.21% 16.82% 54.21%

0% 0% 1.89%  9.43% 16.04% 14.15% 57.55%

0% 0% 1.87% 10.28% 10.28% 18.69% 57.94%

0% 0% 094%  6.60% 8.49% 15.09% 67.92%

ability to enhance enzymology education through active
engagement, critical thinking, and interest towards learn-
ing in a non-threatening environment were apparent.
CARBGAME for clinical enzymology has significantly
improved the knowledge of students with a p-value of
0.0001 in assessments comparing performances before
and after the game as well as between intervention and
control group. Thus, CARBGAME supports the assertion
that games are effective pedagogical tools to enhance
knowledge. These findings are similar to a board game
innovation in physiology education, which demonstrated
that when compared with instructional methods learning
was dramatically improved while using a stimulating
board game about the physiology of muscle function.’
Also, the key features of CARBGAME innovation was its
ability to enhance memory and promote interest, curios-
ity and creativity while learning. All these are supported
by gaming innovations in medical education, which
stated that fun-filled educational games serve as an effec-
tive teaching and learning tool for anatomy and physiol-
ogy by encouraging significant learning as well as
creativity, attention, and memory, among students.'>!!
Another striking feature of CARBGAME for clinical
enzymology is that 99.1% of the learners have agreed that
the game created an engaging learning environment and
it was a good opportunity for peer assessment. Engaging
learning environments have been linked to improved stu-
dent motivation, retention, and overall learning



Biochemistry and
Molecular Biology

SURAPANENI

* | WILEY- @

FIGURE 2 The conceptual
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outcomes.'* According to educational literature, when
learners find educational experiences engaging, they are
more likely to actively participate, which fosters deeper
understanding and retention of concepts.'*'* Moreover,
incorporating peer assessment aligns with contemporary
pedagogical trends that emphasize collaborative and
interactive learning.'>'® Research has shown that peer
assessment not only enhances critical thinking and com-
munication skills but also provides learners with diverse

perspectives and feedback, enriching the learning experi-
ence.'”'® This alignment is further supported by studies
indicating that peer assessment promotes self-regulated
learning and the development of metacognitive skills.'**

Many gamification and game-based innovations
have been introduced in medical education.’ They
provide an interactive platform to grasp complex con-
cepts, making abstract topics more tangible. Through
gamification, learners engage actively, fostering deeper
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understanding and knowledge retention.”*** These
principles have also been optimally proven in this
CARBGAME innovation. Particularly in biochemistry,
where students often feel overwhelmed by numerous
terminologies and complex metabolic pathways, the
introduction of games has significantly aroused inter-
est towards learning and enhanced students’ perfor-
mance. Aligning with the findings of this study,
numerous game-based innovations in biochemistry
also emphasize that implementing games in biochem-
istry education serves as a powerful tool to conquer
complexity, engage learners, and bridge the gap
between theory and real-world applications.***” How-
ever, this innovation is unique in its design of com-
bining both cards and board in a creative manner
offering a realistic gaming platform for students to
effectively collaborate and learn.

41 | CARBGAME—Future directions
Looking ahead, the success of CARBGAME opens ave-
nues for further innovation in medical education.
Future directions may involve the development of a
broader range of educational games and interactive
tools that address various medical disciplines, catering
to diverse learning styles. Additionally, incorporating
artificial intelligence and virtual reality technologies
could provide even more immersive and realistic
learning experiences. As educators continue to explore
novel approaches inspired by CARBGAME's achieve-
ments, a dynamic and adaptable medical education
landscape could emerge, better preparing students to
navigate the challenges of healthcare with competence
and confidence.

4.2 | Limitations of the study

This study is subjected to certain limitations. The innova-
tion was implemented for first-year medical students only
from one institution. Thus, before extrapolating these
results to a wider audience, it is important to verify the
results of this innovation with larger groups of students.

4.3 | Conceptual framework

Figure 2 presents a conceptual framework outlining prev-
alent issues linked with traditional teaching approaches
in learning clinical enzymology. To address these con-
cerns, CARBGAME—an approach that employs CARd &
Board GAmes in Medical Education was introduced. This
innovative solution aims to mitigate these challenges and

deepen students’ understanding of clinical enzymology
concepts in biochemistry. Furthermore, it facilitates the
practical application of acquired knowledge within clini-
cal scenarios for better understanding and academic
performance.

5 | CONCLUSION

CARBGAME's undeniable success in enhancing active
learning and performance within clinical enzymology
highlights its potential to reshape medical education.
The enthusiastic response from faculty and students
underscores the urgency to introduce innovative com-
ponents like games into the curriculum, creating a
more engaging and meaningful learning experience.
This achievement serves as a compelling call to
adapt and evolve, fostering a dynamic educational
landscape that equips future healthcare professionals
with the skills and enthusiasm needed to excel in
their field.
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