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INTRODUCTION

Medical education is undergoing a paradigm shift as educators 
increasingly face challenges in maintaining students’ attention 
during lectures, addressing diverse learning preferences, reducing 
academic stress, and promoting active engagement and peer-to-
peer learning. Traditional didactic lectures, although essential for 
delivering foundational knowledge, often fail to fully engage learners 
or support higher-order cognitive development. Consequently, 
medical educators are exploring innovative teaching strategies to 
meet evolving educational needs [1,2].

Game-Based Learning (GBL) has emerged as a promising pedagogical 
approach in this context, offering interactive and learner-centered 
environments that enhance student engagement and knowledge 
retention. Among various forms of GBL, puzzle-based learning has 
gained attention as an effective and stimulating method. Puzzle-
solving promotes critical thinking, encourages active participation, 
and fosters collaborative learning by improving communication and 
decision-making skills [3-5].

According to Bloom’s taxonomy, the initial stage of learning focuses 
on “remembering,” typically achieved through lectures, which forms 
the basis for understanding fundamental concepts. However, higher-
order cognitive skills such as application, analysis, and evaluation 
require more interactive approaches. Game-based learning, 
particularly through puzzles, facilitates these advanced cognitive 
processes by encouraging learners to apply theoretical knowledge to 
problem-solving situations [6].

Previous studies have demonstrated the effectiveness of puzzle-
based learning in medical education. Amit Saxena et al., showed 
that crossword puzzles serve as an effective active learning tool 
in undergraduate pathology, improving student engagement 
and comprehension. Similarly, Mohan BS et al., reported that 
crossword puzzles enhanced learning outcomes in microbiology 
and immunology by promoting understanding and retention of key 
concepts. Supporting this, a systematic review by David R Cook et 
al., demonstrated that technology-enhanced and interactive learning 
methods significantly improve knowledge outcomes among health 
professions students [7,8].

In recent years, GBL and simulation-based learning have gained 
significant momentum and are increasingly being integrated into 
traditional medical curricula, particularly in India. Students often 
tend to focus their learning efforts primarily before examinations; 
however, GBL encourages continuous engagement by promoting 
immediate application of knowledge acquired during lectures, 
thereby reinforcing learning and increasing interest in the subject 
[9].

To achieve higher levels of Bloom’s taxonomy, particularly the 
“analysis” stage, case scenario–based puzzles can be effectively 
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utilized. These approaches enable learners to identify gaps in their 
knowledge, engage in discussion, analyze clinical information, 
and arrive at logical conclusions through peer interaction. This is 
especially relevant in subjects like biochemistry, where understanding 
complex mechanisms is crucial.

In the present study, case scenarios were designed to help learners 
apply their cognitive skills in understanding hormone mechanisms 
and their roles in metabolism. Image-based puzzles linked to these 
scenarios required students to independently acquire foundational 
knowledge and collaboratively apply it to solve problems and 
diagnose clinical conditions, thereby reinforcing conceptual 
understanding and promoting active and self-directed learning.

Motivation plays a critical role in the learning process, and GBL 
has been shown to enhance intrinsic motivation among learners. 
Intrinsically motivated students demonstrate deeper engagement, 
improved critical thinking, and greater cognitive flexibility. 
Furthermore, the use of immediate rewards has been shown 
to positively influence learning outcomes and engagement by 
activating neurocognitive pathways associated with reinforcement 
[10-14]. Thus, integrating puzzle-based game learning into medical 
education represents a valuable strategy to promote active learning, 
enhance cognitive skills, and improve overall educational outcomes.

Aim and objectives: The study aims to evaluate the effectiveness 
of puzzle-based learning in enhancing students’ understanding of 
hormone regulation in metabolic disorders by fostering critical 
thinking skills through active engagement.

MATERIALS AND METHODS

Study design

A mixed-method experimental study was conducted to evaluate the 
effectiveness of a game-based learning approach incorporating case-
based and puzzle-based strategies aligned with Bloom’s taxonomy. 
The study integrated both quantitative performance metrics and 
qualitative learning outcomes.

Study setting and duration

The study was conducted in the Department of Biochemistry, 
Apollo Institute of Medical Sciences, Hyderabad during the period 
of December 2024 in a structured classroom setting.

Study population

The study included first year undergraduate medical students.

Sample size

A total of 150 students participated in the study aged between 18-
22 years.

Inclusion criteria

•	 Phase I undergraduate medical students

•	 Students present during the scheduled sessions

Exclusion criteria

•	 Students absent during the sessions

Pre-intervention phase: Prior to the activity, students attended 
didactic lectures on endocrine physiology focusing on conceptual 
understanding and clinical relevance. The sessions covered 
mechanisms of hormone action, including receptor types 
(membrane-bound and intracellular) and second messenger systems 
such as cAMP, IP3/DAG, and tyrosine kinase pathways, along 
with physiological functions of hormones involving carbohydrate, 
protein, and lipid metabolism, calcium and bone homeostasis, 
water and electrolyte balance, stress response, and growth and 
development. Diagnostic and functional aspects including hormone 
assays and dynamic endocrine function tests were also discussed, 
ensuring that students developed a strong foundational knowledge 
base for higher-order cognitive engagement.

Intervention phase: A structured game-based learning activity 
integrating case-based learning and puzzle-based tasks was conducted 
in two progressive levels. In Phase 1 (Level 1), students were divided 
into 15 groups of 10 members each and were assigned five clinical 
case scenarios based on endocrine disorders, requiring identification 
of the clinical condition, the hormone involved, its mechanism 
of action, and correlation with its physiological and biochemical 
function. Upon correct diagnosis, groups received puzzle blocks 
representing the hormone, which they were required to assemble 
within five minutes, followed by identification and explanation 
of its mechanism and physiological role; one student from each 
group then presented the case analysis and findings. In Phase 2 
(Level 2), the top 10 performing groups advanced to more complex 
case scenarios requiring integrated understanding of multiple 
physiological systems and advanced clinical reasoning, including 
interpretation of metabolic, electrolyte, skeletal, and stress-related 
effects. More complex puzzles were provided, and performance 
was evaluated based on accuracy, time taken, and completeness of 
responses, with the top three groups declared winners.

Educational framework: The intervention was structured in 
alignment with Bloom’s taxonomy, progressing from knowledge 
acquisition during lectures (remember), to comprehension through 
case interpretation (understand), application via puzzle-solving 
(apply), and higher-order clinical reasoning and presentation 
(analyze), thereby promoting active learning, teamwork, and 
application of physiological and biochemical concepts in clinical 
contexts.

RESULTS

The VARK scoring chart shows that learning preferences vary 
considerably across questions, but a clear overall pattern emerges. 
Kinesthetic (K) learning dominates in most questions (e.g., Q1, Q3, 
Q4, Q6–Q10, Q12–Q16), indicating that the majority of students 
prefer hands-on, experiential learning approaches. Aural (A) scores 
are moderately high in several questions (notably Q7, Q8, Q9, and 
Q14), suggesting that listening-based learning is also important for 
a subset of students. Read/Write (R) preferences are generally lower 
but show noticeable peaks in some questions (such as Q9, Q11, and 
Q16), indicating occasional reliance on text-based learning. Visual 
(V) scores are the least dominant overall, though certain questions 
(e.g., Q2, Q11, Q15) show higher visual preference, highlighting 
variability among learners. Overall, the results suggest that while 
multimodal tendencies exist, kinesthetic learning is the most 
prominent style, and effective teaching strategies should incorporate 
active, practical engagement along with supportive auditory and 
visual elements to address diverse learner needs (Figure 1).
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The VARK scoring chart in this figure shows a pattern consistent 
with the previous analysis, with kinesthetic learning remaining the 
dominant modality across most questions, indicating a strong and 
stable preference for experiential learning among students. Aural 
scores again demonstrate moderate to high contributions in selected 
items, while read/write preferences remain comparatively lower 

with occasional peaks. Visual learning continues to show limited 
dominance, except in a few questions where it increases. Overall, this 
figure reinforces the earlier observation of a multimodal distribution 
with a clear predominance of kinesthetic preference, suggesting 
reliability and reproducibility of the learning style pattern across 
assessments (Figure 2).

Fig. 1. Distribution of VARK learning preferences (Visual, Aural, Read/Write, Kinesthetic) across 16 questions, showing percentage contributions of each modality 
with kinesthetic learning predominating in most items.

Fig. 2. Students perception on puzzle based learning (Percentage distribution of VARK (Visual, Aural, Read/Write, Kinesthetic)  learning preferences across 16 
questions, highlighting the predominance of kinesthetic modality.

The results about students perception on puzzle/game based learning 
showed that about 62% of the students truly enjoyed solving puzzle, 
34% agreed the same 44.60% agreed that the session created interest 
and about 52.20% of the students stated that this activity had 
stimulated their interest in the subject. 42 to 45% of the students 
opinioned that the game/puzzle based learning had helped them 
in polishing their creativity, had helped in enhancing their abilities 
like problem solving, critical thinking and derived the students 
focus in gaining knowledge. the students also opinioned that they 
were able to recall the topics learned while solving the puzzle hence, 

stated that this method can be used as an assessment tool to evaluate 
the students. It helped in interaction thus contributes towards 
improving communication skills. students strongly agreed (70%) 
that puzzle/game based learning had promoted meaningful learning 
and are better than the traditional didactic theoretical lectures. they 
also expressed their satisfaction in the way the activity was conducted 
in terms of material and time provided for the activity. None of the 
student disagreed with the advantages of this method of learning is 
the positive outcome of the study (Figure 3).
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The student feedback on puzzle-based learning shows a highly 
positive response, with the majority of students selecting “Agree” 
and “Strongly agree” across all items, indicating that the sessions 
were well-received in terms of environment, content, clarity, 
and usefulness. A substantial proportion reported improved 
understanding and increased ability to apply knowledge 
appropriately, while very few students chose neutral responses and 
almost none selected disagreement options. Overall, the findings 
suggest that puzzle-based learning is an effective and engaging 
teaching strategy, enhancing comprehension, application skills, and 

student satisfaction.

Student feedback was positive about the method, its outcome, 
advantages, learning resources provide and stated that it was 
confined to first phase of medical academics, stress free and helped 
to be focused, interactive and confident. The students suggested 
this method should be adopted to teach complex and tough topics. 
however, few students expressed that extra time should be provided 
for learning the concepts prior. 100% of the students expressed there 
willingness to participant in such methods of learning (Figure 4).

Fig. 3. Distribution of student feedback on puzzle-based learning (Across Likert scale responses, showing overall positive perceptions with most responses 
clustered in “Agree” and “Strongly agree”.

Fig. 4. Comparison of VARK (Visual, Aural, Read/Write, Kinesthetic) learning preferences across 16 questions, illustrating variability in modality distribution with a 
predominance of kinesthetic responses.

DISCUSSION

Teacher is the best facilitator to understand various learning styles 
or methods adopted by students in grasping concepts. Creating 
diversified techniques in medical education is a need of the hour 
to stimulate students’ interest, improve concentration, and enhance 
knowledge acquisition. Activity-based or active learning methods 
promote learning by doing and have been shown to significantly 
improve student performance and engagement [15,16].

Interest is a key factor influencing students’ learning and plays 
an essential role in attracting their attention. Attention is closely 

associated with interest and is often a temporary attribute. It 
can be categorized into centralized attention, where focus is on a 
single object, and distributed attention, where focus extends across 
multiple learning elements and environments. A combination of 
both is essential for effective learning. Motivation may be intrinsic 
or extrinsic, both of which influence learning outcomes. It is 
important to recognize that learning processes vary among students, 
as each individual adopts unique methods based on their interests 
and capabilities, making it challenging for educators to tailor 
teaching strategies [17].

VARK is a widely used tool that helps in identifying different 
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learning preferences among students and understanding dominant 
learning styles within a group [18,19]. This enables educators to 
design teaching methods that are beneficial for the majority of 
learners. Rather than adhering to a single teaching approach, 
faculty should incorporate innovative strategies to enhance student 
engagement and participation [20].

In the present study, the majority of students preferred the kinesthetic 
mode of learning. These learners benefit from physical engagement 
such as performing tasks and gaining real-life experiences. The 
second most preferred mode was aural learning, followed by visual 
learning, while the least preferred mode was read/write. Similar 
findings have been reported where multimodal and kinesthetic 
preferences dominate among medical students [21]. Students 
expressed difficulty in retaining information from traditional 
didactic lectures, which they perceived as overly theoretical [22].

The findings related to students’ perception of puzzle or game-based 
learning revealed that a majority of students enjoyed the activity and 
reported increased interest in the subject. Such approaches enhance 
creativity, problem-solving ability, and critical thinking skills while 
improving knowledge retention. Game-based and interactive 
learning strategies have been shown to improve both cognitive and 
non-cognitive skills in medical education. Students also reported 
improved recall and recommended this approach as an effective 
evaluation tool.

The study demonstrated that puzzle or game-based learning 
promotes meaningful learning and is more effective than traditional 
lecture-based teaching. Students showed enthusiasm and willingness 
to participate in such innovative approaches. These findings are 
consistent with evidence supporting active learning as a superior 
pedagogical method. The study design also addressed higher levels 
of learning, including understanding and application, aligning with 
Bloom’s revised taxonomy.

Importantly, the integration of endocrine and metabolic concepts 
through puzzle-based learning has direct implications for oncology 
education, where understanding hormonal regulation, tumor 
metabolism, and endocrine-related malignancies is essential 
for clinical reasoning. Such approaches can help bridge the gap 
between basic sciences and clinical oncology by enabling students 
to apply physiological principles in cancer-related contexts, 
including hormone-dependent tumors and metabolic alterations 
in malignancy. This reinforces the relevance of interdisciplinary 
learning in preparing students for complex oncological decision-
making and radiotherapeutic planning.

However, intrinsic motivation remains a critical factor in achieving 
effective learning outcomes. Innovative teaching strategies alone 
may not yield desired results unless students are self-motivated. 

Therefore, students must actively engage in their learning process, 
while educators should continue exploring diverse teaching-learning 
methods to optimize educational outcomes.

Additionally, integrating active and game-based learning strategies 
in oncology education has been shown to enhance clinical 
competence, improve retention of complex cancer-related concepts, 
and foster interdisciplinary collaboration among learners, thereby 
supporting the development of future healthcare professionals 
capable of managing multifaceted oncological conditions.

CONCLUSION

Fostering intrinsic motivation and implementing diverse, innovative 
teaching methods are essential for enhancing students' learning 
experiences and skills acquisition. A combination of student-
centered approaches, such as activity-based and puzzle/game-based 
learning, can effectively stimulate interest and engagement, while 
helping students discover the most suitable learning methods for 
their individual needs. Furthermore, integrating such approaches in 
endocrine and metabolic education can strengthen clinical reasoning 
in oncology by enabling better understanding of hormone-
dependent cancers and metabolic alterations in malignancies.

LIMITATIONS OF THE STUDY

Planning, implementing within the allocated number of hours 
with limited resources was very challenging. If all the must know 
competencies are planned in interactive way students will have a 
better understanding of the concepts. Pre and post-intervention 
assessments could have added more value to the study.
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