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Abstract

Background: Medical education programs necessitate strong role models and learning environments that promote professional development and organizational behaviour. Flipped classroom (FC) is a method by which a student acquires knowledge independently before a classroom encounter. This approach effectively promotes active learning and critical thinking in students. Aim & Objectives of study: To assess the effectiveness and perception of the flipped classroom teaching method and its score-based comparison to the traditional teaching method among First MBBS students. Methodology: An observational type of study for the comparison of two different teaching methods among 100 first-year Bachelor of Medicine and Bachelor of Surgery (MBBS) students. A detailed multiple choice structured questionnaire was used to asses Students' perceptions of flipped classroom teaching versus traditional methods of instruction for both groups. Two different biochemistry topics were taught at two different levels. The assessment score between pre- and post-test scores was compared between Traditional teaching Methodology (TTM) and Flipped classroom (FCR). Results: Overall, FCR significantly improved student performance (p<0.001). The majority of students believed that the combination of FCR and TTM was better suited for an in-depth understanding of topics. Conclusion: This study highlights that FCM could be a better tool for teaching and learning in the current Techno-Digital environment.
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Introduction
Over the last few years, the application of information and communication technology (ICT) at learning institutions has enhanced learning to greater heights. Technology-enabled learning for the students serves as an adjuvant educational tool to promote learners' knowledge, understanding, and skills[1]. Digitalization, especially during the COVID-19 era, has motivated students towards e-learning, spearheaded by ICT's adoption as an interconnecting environment. Over the last few years, many such transformational changes have occurred in the medical education system, and it’s still going on. Many approaches, including different TL methods and models during the transition period, shifted
 
the learning from teacher-centric to student-centric[2]. For long, medical education has always been delivered through the traditional method. Over a long period, medical content has been delivered through a teacher lecturing method and a student passively involved in taking information, which is then reviewed later when an assessment is given. Flipping the classroom is the most recent innovative approach to our educational system[3]. The flipped classroom model requires students to complete pre-class activities such as watching a video lecture, a short video, listening to a talk or podcast, or reading a journal article. The remaining class time is used to reinforce and connect that knowledge through discussions, interactive exercises, group learning, and case studies [4]. The flipped classroom approach has been shown to increase student satisfaction with learning. Learners in flipped classrooms are more satisfied with the ability to access pre-class assignments and learn at their own pace, as well as the increased emphasis on discussions and hands-on activities during class compared to traditional didactic lectures. It is one of the heavily reliant models for student motivation. To make the flipped classroom more effective, students must have
 
either their own intrinsic desire, motivation, or sense of autonomy to complete assignments or extrinsic motivation gained from peer interaction[4, 5]. It has been suggested that a flipped classroom model builds students' motivation with the combination of both intrinsic and extrinsic motivational factors[5-7]. Switching to a flipped classroom could benefit first-year MBBS students by increasing motivation, peer interaction, and learning new skills. Nowadays, ICT has become part of day-to-day learning. This study aims to evaluate the role of the flipped classroom in realizing sustainable education by using various scientific teaching methods, by using students’ perspectives, and evaluating the outcome and feedback for better learning.
Methodology
Quasi-experimental crossover, an observational type of study, was carried out in the Biochemistry Department, GMERS Medical College, Rajpipla, Dist. Narmada, Gujarat State, within a duration of April-May 2024 (two months). After getting an ethical approval from the Institutional Human Ethics Committee, GMERS Medical College, Rajpipla (IHECR/GMERSMCR/01). 
Written voluntary informed consent was obtained from all participants prior to their enrolment in the study. Participants were clearly informed about the purpose of the study, study procedures, potential benefits, confidentiality of data, and their right to withdraw at any stage without any academic consequences.
A Total of 100 first-year MBBS students admitted in the academic year 2023-24 were enrolled based on the following selection criteria-
Inclusion criteria: A total of First-year MBBS students admitted in academic year 2023-24 who willingly consented were in the study. First MBBS students who have attended all the sessions of this study appeared in the written tests and submitted feedback forms.
Exclusion criteria: First-year MBBS students have not shown willingness and consent to participate in the study. Students who have missed any of the activities mentioned in point 2 of the inclusion criteria. Students who remained absent on the day of sessions/tests
Study process and data collection: A total of 100 enrolled students were equally divided with a 1:1 ratio into two groups, i.e., Group A (50 students) and Group B (50 students). No one was absent or missed the session. The clinical concept based on two essential topics from protein metabolism, i.e., Glutathione and one-carbon metabolism, was selected. All the sessions were taken by the same teacher. Pre-test as well as post-test were conducted in a Google Form link shared through Google Classroom. A Pre-test, comprised of 10 multiple-choice questions (MCQs) of recall and extended variety, to test the background knowledge of students regarding topic 1. The total score will be 10 marks, so 1 mark for each MCQ. Similarly, Post post-test was conducted after the session, which consisted of the same MCQs asked during the pre-test, after the completion of each session. 
First phase of the study with selected topic-1: In the first period of the study, Group-1 was exposed to the traditional teaching method (TTM), where they were taught topic-1 with the help of a PowerPoint presentation of 1 hour duration. Whereas Group 2 was exposed to the flipped classroom method (FCM). In this, they are provided with pre-study materials of topic-1 in the form of competency, specific learning objectives, and/or a PowerPoint presentation in .pdf format, and a short video recording (15 mins) made on PowerPoint with a voice-over technique. One week of scheduled class. A pre-study material shared with Group-2 students was strictly instructed not to be shared with Group-1 students. To ensure compliance with pre-class activities, home assignments were given to students which has to be completed and brought at the time of in-class activities. During one hour of in-class activities, Group-2 students were divided into five small groups, each comprised of 10 students, to meet the required composition of a small group. 25 minutes provided to interact with peers and topic discussion, followed by objectives and problem-based scenarios, and write conceptual findings on topic 1 at the end. After that, each group leader was given five minutes to present a summary and a question-and-answer session related to topic 1
Second phase of the study with selected topic-2: For topic-2, by applying the crossover design, Group-1 students were exposed to FCM, and Group-2 students were exposed to TTM, and the rest of the procedures are the same as per the first phase of the study.
Third phase of the study: To assess the student perception towards teaching methodology, after completion of both topics and post-tests, feedback from students on a three-point Likert scale (agree, can’t say (Neutral, and disagree) was taken. Anonymity was maintained while taking feedback.
Statistical analysis: All the collected data were entered/exported into an Excel sheet. Marks of written score were represented in the form of mean ± S.D. Frequency or percentage was chosen to represent categorical data. An Independent Paired t-test was used to compare the scores of traditional versus flipped classroom teaching. A p-value of <0.05 was considered statistically significant. The statistical analysis will be done by using SPSS version 20.0. Preparation and validation of PowerPoint presentation and short video recording for both the selected topics, multiple-choice questions (MCQs), and feedback questionnaire were validated by the Delphi method.
Results
The students' ages ranged from 18 to 24 years. Among the 100 enrolled students, 37% were female and 63% were male. Regarding teaching methodologies, students perceived the flipped classroom (FCM-36%) as more beneficial than traditional methods (TTM), with only 7% favouring TTM alone. However, the majority, 57%, expressed a preference for a combination of both FCM and TTM [Fig. 1].
 
Fig. 1 
	Topics	Test	Mean ± SD	SED	t test	P value
	Topic-1	Pre-test	3.4 ± 1.57	0.28	12.9	0.001*
	Post-test	7.1 ± 1.27
	Topic-2	Pre-test	3.8 ± 1.62	0.37	10.0	0.001*
	Post-test	7.3± 2.13

Table 1: Comparison of pre- and post-test scores of Group A by Traditional Teaching Methodology (TTM)Significant results at 95% confidence interval and p<0.05, 0.001-statistically significant*
SD-Standard Deviation, SED-Standard error of difference
 
The mean and SD on 95% class interval (CI) values of pre- and post-test scores obtained by students in traditional and flipped teaching methodology. Although the score of the flipped classroom was higher than the traditional teaching methodology. The comparison showed that the post-test scores were significantly greater than the pre-test scores [Table. 1]. Overall comparison of pre- and post-test scores (7.1±2.12 and 7.5±2.33) between the two teaching methods in this study has observed better student performance with the FCM teaching technique [Table. 2].
[Table. 3] depicts the mean difference of pre- & post-test scores among teaching learning methodologies in both groups. However, the mean differences are higher in the flipped teaching methodology. [Table. 4] presents student perceptions of the teaching methodologies, assessed through a general questionnaire using a 3-point Likert scale. Approximately 86% of students agreed and demonstrated engagement with the flipped classroom model, while 7-9% remained neutral, and around 3-4% disagreed.
	Topics	Test	Mean ± SD	SED	t test	P value
	Topic-1	Pre-test	4.2 ± 1.89	0.43	6.49	0.001*
	Post-test	7.0 ± 2.39
	Topic-2	Pre-test	3.6 ± 2.0	0.43	6.72	0.001*
	Post-test	7.2 ± 2.30

Table 2: Comparison of pre- and post-test scores of Group B by Flip classroom Teaching Methodology (FCM)Significant results at 95% confidence interval and p<0.05, 0.001-statistically significant*
SD-Standard Deviation, SED-Standard error of difference
 
	Topic	Group
(N=100)
	Teaching Methods	Mean difference of pre- & post-test scores	SED	t test	P value
	Topic-1	A 	TTM	2.7	0.13	6.74	0.01*
	B 	FCM	3.7
	Topic-2	A 	FCM	3.9	0.08	10.7	0.01*
	B 	TTM	2.8

Table 3: Comparison of mean difference of pre- and post-test scores in learning methods of both groupsSignificant results at 95% confidence interval and p<0.05, 0.001-statistically significant*
FCM-Flip classroom Methodology, TTM- Traditional Teaching Methodology
Total Number of Student = 100, Number in Group-A=50 and Number in Group B=50
 
Discussion
Education is one of the most fundamental requirements for human communities to survive today. Active learning through the use of newer teaching techniques highlights a new curriculum developed by the National Medical Commission (NMC), which transforms students' knowledge into skills and improves their cognitive abilitie[8]. The current study involved the classification of assessment questions using Bloom's taxonomy, which took place in two groups with different topics[9].
	Sr. No.	Questionnaire	Total Number (100)

	Agree	Neutral	Disagree
	1	For the flipped classroom method, the pre-class materials helped me understand the concept of the topic clearly.	90 (90 %)	7 (7%)	3 (3%)
	2	I have been provided adequate time for self-directed learning before the in-class session for my preparation	88 (88%)	10 (10 %)	2 (2%)
	3	I felt more responsible for my learning with the flipped classroom method	95 (95%)	3 (3%)	2 (2%)
	4	The flipped classroom method helped me to think critically and apply the knowledge gained.	92 (92%) 	7 (7%)	1 (1%)
	5	The flipped classroom method allowed me to adjust the pace and timing according to my convenience.	79 (79%)	13 (13%)	8 (8%)
	6	I have experienced more opportunities to interact with teachers and peers in the flipped classroom method.	92 (92%)	5 (5%)	3 (3%)
	7	The interactive in-class sessions with peers and teacher helped me to acquire skills like communication, leadership, presentation, and problem-solving.	88 (88%)	9 (9%)	3 (3%)
	8	The flipped classroom method enabled me to acquire a habit of being well-preparedness for teaching-learning.	89 (89%)	6 (6%)	5 (5%)
	9	The flipped classroom method helped me in learning through discussion, activities, and projects	90 (90%)	6 (6%)	4 (4%)
	10	I believe that the flipped classroom method should be incorporated for other topics also.	96 (81%)	4 (4%)	0 (0%)
	11	In general, I thoroughly enjoyed and like the flipped classroom method over traditional method.	89 (89%)	9 (9%)	2 (2%)

Table 4: Perception of undergraduate medical students towards the flipped classroom learning method
 
This study emphasized the comparison of the assessment score on the biochemistry topic, i.e., Glutathione and one carbon metabolism, among first MBBS students by using two different teaching methodologies, i.e., traditional teaching model (TTM) and flipped classroom model (FCM). In addition to that, an open-ended feedback perception towards both teaching methods was taken from the participating students.  In recent years, higher education has focused on improving the quality of learning to enhance student engagement and academic performance. The Flipped Classroom Model (FCM) is an interactive teaching approach in which students learn core content before class, while classroom time is used for discussions, problem-solving, and active learning[10, 11].
In laboratory medicine, where analytical skills and practical application are essential for disease management, FCM promotes self-directed learning, critical thinking, and better knowledge retention. The present study aimed to evaluate the effectiveness of FCM in improving student performance and attitudes compared to the traditional lecture-based teaching method[12, 13]. 
In the present study, the Flipped Classroom (FCR) method significantly improved student performance, especially during the second phase when students were reorganized according to the teaching approach. Analysis of overall assessment scores showed that students taught through FCR performed better than those taught using the traditional lecture-based method. The enhanced performance may be attributed to greater engagement, active participation, and improved conceptual understanding in the flipped model. Overall, the findings suggest that the FCR approach is more effective than conventional teaching in enhancing academic achievement[14].
Morton DA et al.[15] reported similar findings in which we compared the performance of two classes of first-year medical students and discovered that FCR benefits students the most in response to content analysis assessments (higher level of cognition), but there was no difference in recall or application-level content. In a traditional teaching method (TTM) class, teachers give a lecture in which students passively receive foundational knowledge, and then they use and apply it outside of the classroom. In traditional teaching methods analysis, students performed better in post-test scores than in pre-test scores. However, the post-test score for the flipped classroom method was neither higher nor lower than the traditional teaching method. Ojennus DD et al.[16] concluded that the learning gains were unaffected, but students expressed strong satisfaction and support for the flipped approach.
We observed through feedback that the preferred student perception of teaching learning methods was either a flipped classroom or a mixed/combination of both TTM and FCM. In this context, different medical institution has different opinions on the utility of the two methods.
 Kuhl SJ et al.[17] found that medical students prefer the flipped classroom method for biochemistry seminars. Veronica Gillispie[18] documented that the flipped classroom approach is more feasible and beneficial to the next generation than the traditional approach. Veeramani R et al. [19] given Positive feedback suggests that the flipped method is worth implementing in the future. This study also illustrates that if precise and high-quality study material is provided to students, then there is a high probability of better performance by the students. Similarly, Kuhl SJ et al.[17] have emphasized the importance of high-quality study materials and demonstrated the effectiveness of the flipped classroom in encouraging self-directed learning, which is an essential component of competency-based medical education. The authors compared traditional teaching methods and the authors discovered that flipped classroom approaches significantly improved student-teacher interaction. However, some negative feedback may be due to students' reluctance and anxiety about adopting this new approach. Students may be hesitant to engage with challenging topics for which they lack prior knowledge. These findings are consistent with previous studies[20].  Student perception does not always indicate the most effective method for student learning. There are significant differences between preferred learning formats and actual outcomes [21]. This may be due to millennial children have grown up in an entertainment-rich, multimedia environment, and they have a low tolerance for boredom[22]. 
In this study, most students preferred a combination of DL and FCR methods to improve their comprehension and in-depth understanding of topics. This highlights the importance of diversity in the medical school curriculum[23]. This emphasizes the importance of incorporating more innovative small group teaching sessions to create a medical education framework that prioritizes learners, patients, and outcomes following National Medical Commission guidelines. Furthermore, there is an increasing emphasis on applying knowledge rather than simply acquiring it. Well-designed FCR sessions are essential for achieving these goals. Our study also reveals the importance of thoughtfully selecting topics for these sessions. To maximize student outcomes, we recommend striking a careful balance between Level 1 (remember and understand) and Level 2 (apply and analyze) topics[24].
Challenges and Solutions: The implemented flipped classroom approach in Biochemistry was not simple and easy, it has associated with certain challenges. Initially, few of students in the class showed resistance to the new learning format due to unfamiliarity with self-directed pre-class preparation, limited access to digital resources and time constraints for both students and faculties.
To address these issues, we have conducted an orientation session to make students familiar with the flipped class teaching model. Pre-class materials were designed to be concise, structured, and easily accessible across multiple platforms. Faculty provided continuous guidance, reminders, and conducted structured in-class activities to reinforce accountability. Technical support and flexible access to learning materials were also ensured. Over the time, students have adapted to the approach, resulting in improved participation, better conceptual understanding, and positive feedback.
Limitation: The efficacy of flipped classrooms varies with the subject matter, individual, teaching style, student preferences, course format, and resource availability. So, the findings of one study may not be directly applicable to all disciplines and institutions. 
Conclusion
	Implementation should be customized to address specific needs and contexts. During the transition phase, a hybrid model that integrates traditional and flipped classroom teaching methods can be employed until these innovative approaches achieve broader acceptance.

	Long-term assessments with multiple topics and disciplines could provide valuable insights into the viability and efficacy of novel teaching methods, such as the flipped classroom technique.

	A successful implementation of the FCM paradigm requires a precise consideration of curriculum design, faculty development, and technological infrastructure, which enhances medical students' learning outcomes, engagement, and critical thinking. 
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