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Purpose: The present study aims to incorporate an active learning pedagogy model that is both educator-friendly and cost-effective, 
to enhance the effectiveness of basic medical science teaching in the undergraduate dental curriculum.
Methods: This is an exploratory educational study that focuses on students’ perceptions of the hybrid case-based learning and small- 
group teaching approach, along with student and faculty feedback on the use of artificial intelligence in case generation. The data was 
analyzed using descriptive statistics and thematic coding.
Results: Students reported overwhelmingly positive perceptions of enhanced subject knowledge, clinical reasoning, and examination 
preparedness, while fostering collaborative learning under the facilitation of subject experts. Faculty reported highly positive 
perceptions of using artificial intelligence to generate case vignettes that align with the learning objectives, while also highlighting 
the significance of human oversight.
Conclusion: The integration of innovative AI-generated, faculty-validated case study materials delivered through small-group 
facilitated learning was well received by both students and educators, as evidenced by their feedback. This approach supports active 
learning, enhances higher-order cognition, strengthens practical applicability, and augments learner engagement, offering a feasible, 
cost-effective pedagogical model for teaching basic medical sciences in the dental curriculum.
Keywords: artificial intelligence, active learning, case-based learning, collaborative learning, expert validation

Introduction
Basic dental education is defined as “Teaching and learning of dentists to prevent, diagnose and treat oral diseases and 
meet the dental needs and demands of individual patients and public” by the Fédération Dentaire Internationale. The 
dental curriculum integrates basic medical sciences with preclinical and clinical training to establish a sound academic 
foundation.1 Dental students are required to complete the core basic science courses during the initial years of training or 
along with specialized dental disciplines.2 Most dental institutions recognize basic sciences as an essential component of 
dental education, with general pathology serving as a cornerstone of preclinical learning by introducing students to the 
fundamental understanding of human disease processes.3 Hematology, a key branch of pathology, is associated with 
several oral manifestations, underscoring its clinical relevance in dentistry.4 A strong foundation in basic science 
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concepts enhances diagnostic accuracy, particularly while dealing with complex clinical cases. To achieve comprehensive 
dental education, teachers employ diverse instructional strategies to strengthen student engagement and learning 
outcomes.5

Learning in dental education occurs through both passive and active processes. Traditional didactic lecture-based 
teaching is passive learning, while active learning involves students in gathering, processing, and applying information.6 

Active learning aligns with adult learning principles such as self-direction, experiential learning, problem orientation, 
mentorship, and intrinsic motivation. Active learning is promoted in health professions education through instructional 
models such as problem-based learning, case-based learning, flipped classrooms, team-based learning, and group 
discussions.7 Case-based learning (CBL), a well-established pedagogical approach also known as case study teaching 
and case method learning, originated in business and legal education in the late nineteenth century. CBL was later 
adopted in health professionals’ education by the Harvard Medical School in the early twentieth century, including 
pathology teaching by James Lorrain Smith, the first full-time pathology professor at the University of Edinburgh in 
1912.8–10 CBL is defined as an inquiry-driven learning experience that uses real or simulated patient cases to facilitate 
clinical reasoning under faculty guidance and well-defined learning objectives.11 The key element to CBL as an active 
learner-centered pedagogy is a well-designed case scenario, which is multidisciplinary, thought-provoking, with relevant 
clinical images and radiographs, thereby bridging basic sciences with clinical practice. Evidence from dental education 
programs worldwide consistently demonstrates that CBL fosters deep learning and long-term retention of analytical and 
diagnostic knowledge, thereby promoting student competencies that align with their future professional practice.8,9,12

Nevertheless, implementation of CBL poses several challenges such as substantial preparation time, the need for 
facilitator training and development of standardized and diverse case materials, particularly in large cohorts.13 Recent 
advances in Artificial Intelligence (AI) offer a promising solution to these challenges by enabling rapid generation of a wide 
range of structured case scenarios, allowing subject area experts to focus on content relevance and factual accuracy.14 AI is 
increasingly influencing health professions education, reshaping traditional medical education models.15,16 AI, conceptua
lized by English mathematician Alan Turing in 1950, refers to machine-based systems capable of performing tasks that 
require human intelligence, such as language processing, visual perception, speech recognition, and decision-making.17–19 

Large language models (LLMs), particularly those based on the Generative Pre-trained Transformer (GPT) architecture, 
have demonstrated significant potential in enhancing knowledge acquisition, clinical decision-making, and skills training in 
medical education.20–23 Building on these advances, LLM-based chatbots have emerged as interactive tools that emulate 
human communication by responding to user queries, thereby attracting growing scholarly curiosity.24,25 Among these, 
ChatGPT is a large language model developed by OpenAI that generates human-like text responses from user input using 
the GPT architecture.26,27 In health professions education, ChatGPT has emerged as an innovative tool for clinical 
simulation, generating realistic, thought-provoking case scenarios that support the development of clinical reasoning and 
decision-making skills.21,28–30 Effective use of ChatGPT requires well-designed, dialogue-based prompts to ensure educa
tional relevance and accuracy.31–33 The advantage of ChatGPT-4o is that it can perform real-time web searches, which 
increases the scientific verifiability of a topic.28 These AI-generated study materials have demonstrated potential to improve 
educational outcomes, knowledge retention, and clinical decision-making when combined with human expert oversight.20,34 

The major concerns regarding AI include over-reliance on AI-generated content, unethical use, and the potential for biased 
decision-making and discriminatory outcomes.35,36

CBL uses a guided approach to support student discussions with regular attention to relevant questions, which can be 
conducted either in large or small groups.37 Incorporating CBL activities in small groups helps deepen understanding of 
the subject and enhances peer discussions, fostering a collaborative learning experience. The small group structure of 
CBL promotes a less stressful, more participatory learning environment, leading students to prefer this model over the 
newer team-based learning approach.38,39 Small group teaching (SGT) is a well-established pedagogical method in 
medical education. It is defined as a facilitated learning process in which 5–10 students work collaboratively to achieve 
defined educational objectives.40,41 SGT has been a hallmark of reorienting educational strategies in medical school, 
fostering collaborative and cooperative peer interaction and learning, and improving retention as they prepare future 
healthcare professionals to work effectively in interprofessional teams, while instilling lifelong learning behavior.42–45 

The student engagement, also called the learning engagement, is essential in SGT, which reflects the cognitive, 
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emotional, and behavioral aspects of students’ involvement in learning activities.42 Within this approach, the educator 
functions primarily as a facilitator rather than a traditional knowledge provider, which is essential to effective 
learning.8,45

Most studies have examined CBL and SGT independently in basic medical education, with strong evidence 
supporting their individual pedagogical effectiveness. However, there is a gap in using CBL as a teaching strategy in 
preclinical subjects, largely because it poses several challenges in preparing case vignettes. These challenges can now be 
addressed by innovative AI-assisted case generation, followed by human oversight to ensure the appropriateness and 
accuracy of the generated content before student use. A hybrid approach combining CBL in small-group teaching is the 
most effective way to enhance learner engagement, according to the literature. This prompted the present study to explore 
the combined effectiveness of a hybrid CBL-SGT model for teaching general pathology to undergraduate dental students, 
leveraging AI to generate diverse cases. Accordingly, this study aims to evaluate students’ perceptions of this hybrid 
model. It also aims to evaluate the students’ and faculty perceptions of AI-generated learning materials. The findings of 
this study catalyze the integration of a cost-effective, educator-supportive, active-learning pedagogy into the dental 
curriculum to enhance higher-order cognition and practical applicability among future dental professionals.

Materials and Methods
Sampling and Participants
Of the 97 enrolled students in the class, 72 who attended the CBL-SGT activity were included in the study. A minimum 
sample size of 61 was calculated using the Raosoft® Sample Size Calculator (Raosoft Inc.) with a 5% margin of error, 
a 95% confidence interval, and a 50% response rate, based on a previous study.37

The study was conducted among students of Manipal College of Dental Sciences, Manipal Academy of Higher 
Education Manipal. Hematology, a component of general pathology, is taught in the second year of the Bachelor of 
Dental Surgery (BDS) curriculum through didactic lectures supplemented by practical and self-directed learning sessions. 
The second-year undergraduate dental students during the third semester of the 2025 academic year participated in this 
study. They had completed the hematology syllabus as per the curriculum and had never experienced case-based learning 
as a small-group activity in hematology.

CBL-SGT Content and Structure
The CBL-SGT activity was conducted as an exploratory educational study during a practical session in the multi
disciplinary laboratory. Figure 1 illustrates the workflow of the CBL-SGT activity. All 72 students were divided into 
small groups of 7–8 members to minimize potential bias. The session was facilitated by the first author and assisted by 
another faculty member, both with postgraduate qualifications in pathology and vast experience in conducting small- 
group teaching. The pre-activity reading material consisted of handouts distributed following hematology theory lectures. 
The session began with a 15-minute introduction, during which the facilitator explained the activity and clarified 
students’ doubts. Following this, four case scenarios, each followed by four descriptive questions, were distributed to 
the student groups. The case scenarios, questions, and answers were created by the faculty involved in teaching 
hematology using the AI tool. Students were given 60 minutes to collaboratively discuss cases, apply the knowledge 
they had acquired from the didactic lectures, and justify their responses within their groups. Subsequently, representatives 
from each group presented their answers, which led to inter-group discussions that lasted approximately 40 minutes. 
During this process, faculty clarified doubts and guided students towards appropriate conclusions. After the activity, 
a validated questionnaire was shared online with students outside the scheduled session to assess their perceptions of this 
hybrid approach and AI-assisted content. A validated questionnaire was also shared online with the faculty to assess their 
perceptions of AI-generated content.

This was followed by an application exercise approximately four months later, during which case-based questions 
were incorporated into student assessment. Following the assessment, students completed a validated online question
naire independently, outside the assessment session, to provide feedback on how the CBL-SGT session influenced their 
examination performance.
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Figure 2 illustrates the process of AI-assisted case content generation. The AI tool ChatGPT-4o was used, as it was 
the most updated version available at the time of the study. The process involved three stages: generation, assessment, 
and modification. Case generation primarily depended on the prompt used, while assessment and modification ensured 
content relevance and factual accuracy.

Figure 1 Workflow of the CBL-SGT activity.

Figure 2 The process of AI-assisted case content generation.
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Data Collection and Analysis
A validated questionnaire consisting of 12 questions with predetermined response options rated on a five-point Likert 
scale and 1 reflective question was shared with students after the CBL-SGT activity to assess their perceptions of this 
model. A validated post-assessment questionnaire comprising 6 closed-ended questions on a five-point Likert scale, one 
binary question, and one optional open-ended question was shared with students to assess the effectiveness of this model 
during the examination. A validated questionnaire was also shared with faculty, consisting of four closed-ended questions 
with a 5-point Likert scale and one open-ended question regarding the efficacy of AI in generating content. The 
questionnaires underwent rigorous content validation by two pathologists with extensive experience in medical educa
tion, one of whom is an international faculty member, and by two subject experts who were not part of the study, as per 
the institutional guidelines. The questionnaires were distributed via online Google Form, with students and faculty 
providing informed consent before participation. Cronbach’s alpha was used to assess the reliability of the questionnaires. 
The coefficient was 0.95 for both the post-activity and post-assessment questionnaires, indicating excellent internal 
consistency. The value was 0.86 for the faculty feedback questionnaire, demonstrating good internal consistency and 
reliability of the questionnaire items. Descriptive statistics were used to analyze quantitative data using SPSS software 
version 16.0 (SPSS Inc.) for Windows, and thematic analysis using Braun and Clarke’s six-phase framework was used to 
code qualitative data.46

Ethical Approval
The present study was approved by the Kasturba Medical College and Kasturba Hospital Institutional Ethics Committee 
with ethical approval code IEC1: 102/2025. This was a questionnaire-based study, and informed online consent was 
obtained from the students and faculty involved before their participation. The participants’ informed consent included 
publication of anonymized responses and direct quotes.

Results
Seventy-two students present on the day of the CBL-SGT activity participated in the study, of whom 70 students 
completed the post-activity questionnaire (97% response rate). Mean scores ranged from 4.01 to 4.26 across all domains 
on a 5-point Likert scale. Of the 70 students who participated in the CBL-SGT activity, 52 students (74% response rate) 
completed the post-examination questionnaire. Mean scores ranged from 4.08 to 4.19 across all domains of the post- 
examination questionnaire based on a 5-point Likert scale. Four faculty members involved in developing the cases 
completed the faculty questionnaire (100% response rate). Mean scores among faculty ranged from 3.5 to 4.25, with 
familiarity with AI tools showing comparatively lower mean scores.

The first domain evaluated students’ perceptions of the study material used in the CBL-SGT activity using post- 
session questions 1 and 2 (Table 1). Most students agreed that the case vignettes were clinically relevant and effectively 
linked hematology concepts to dental practice and that the end-of-case questions were of high quality. Faculty percep
tions of the study material used in this CBL-SGT learning activity were also positive (Table 2). Most faculty members 
reported favorable perceptions of the accuracy of AI-generated content. They indicated that the case scenario and end-of- 
case questions and answers were pertinent and of good quality. Faculty responses to the open-ended question “What is 

Table 1 Students’ Perception of the Study Material Used for CBL-SGT Learning in Hematology

Questions Strongly 
Agree

Agree Neutral Disagree Strongly 
Disagree

Mean (SD)

The case studies were relevant to the practical application 
of hematology in dentistry.

26 (35.7%) 37 (51.4%) 7 (10%) 1 (1.4%) 1 (1.4%) 4.21 ± 0.74

The quality of questions provided at the end of each case 
was of excellent quality.

22 (30%) 44 (61.4%) 4 (5.7%) 1 (1.4%) 1 (1.4%) 4.19 ± 0.68
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your opinion about AI-generated case studies?” were thematically coded (Box 1). The themes identified were innovation 
and time efficiency, content authenticity, and the importance of human oversight.

The second domain evaluated students perceived efficacy of the CBL-SGT session using post-activity questions 4, 5, 
7, and 11 (Table 3). Most students agreed that they understood hematology concepts presented in the cases very well and 
that participation in this hybrid session encouraged critical thinking and problem-solving. Comparably, students indicated 
that this study enhanced their comprehension of hematology concepts and that they would likely apply the knowledge 
gained in future clinical practice.

The third domain evaluated students’ perceptions of the impact of CBL-SGT on exam preparation and performance 
using the post-assessment questions 1, 2, and 3 (Table 4). Students reported that participation in this hybrid model 
increased their confidence and improved their performance on assessments, including the ability to apply theoretical 
knowledge in viva and practical evaluations.

Table 2 Faculty Perception of the Study Material Used for the CBL-SGT Learning in Hematology

Question Strongly 
Agree

Agree Neutral Disagree Strongly 
Disagree

Mean (SD)

The cases generated by ChatGPT-4o in relation to 

established hematology concepts were very accurate.

1 (25.0%) 3 (75.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 4.25 ± 0.50

The content generated by ChatGPT-4o for the educational 

objectives for dental students was very relevant.

2 (50.0%) 1 (25.0%) 1 (25.0%) 0 (0.0%) 0 (0.0%) 4.25 ± 0.96

The quality of the cases and questions provided in each case 

study generated by ChatGPT-4o was excellent.

2 (50.0%) 1 (25.0%) 1 (25.0%) 0 (0.0%) 0 (0.0%) 4.25 ± 0.96

The answers generated from ChatGPT-4o for the case- 

based studies questions were very reliable.

2 (50.0%) 1 (25.0%) 1 (25.0%) 0 (0.0%) 0 (0.0%) 4.25 ± 0.96

Box 1 Thematic Analysis on Faculty Feedback on the Open-Ended Question, “What Is Your Opinion About AI- 
Generated Case Studies?”

Theme 1: Innovation and time efficiency: 
Faculty consistently described AI-generated case scenarios as innovative and time effective, highlighting how such tools streamline case 

creation. 

“Very innovative, timesaving” 
“AI-generated case studies can be a good option” 

“Assist the faculty involved by reducing the time period for formulating the case”

Theme 2: Authenticity of the content: 

Faculty recognized the accuracy of AI-generated content, especially for conceptually straightforward topics, but stressed the need for 
validation. 

“Surprisingly accurate for a computer software”. 

“Provides clear insights and had good clarity”. 
“Accuracy is the most positive aspect… however, cases must be properly evaluated before use”.

Theme 3: Importance of human oversight: 
Participants highlighted the importance of faculty review to ensure case alignment with learning outcomes, factual accuracy and to 

avoid irrelevant details. 

“Errors with respect to objectives were not completely included… case scenario was a little vague”. 
“They have to be properly evaluated and validated before extrapolating it to students”. 

“Only limitation is amount of available knowledge on the internet. As a faculty with decades of experience, accuracy is the most 

positive”.
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The fourth domain evaluated students’ perceptions of team interaction during the CBL-SGT session using post- 
activity question 6 and after-assessment question 4 (Table 5). Most students reported an excellent experience collaborat
ing with peers during group discussions and indicated that these discussions improved their clinical reasoning and 
problem-solving.

The fifth domain evaluated students’ perceptions of their engagement in the CBL-SGT learning using post-activity 
questions 8 and 9, and post-assessment questions 5 and 6 (Table 6). Most students reported that the session offered 
a better learning experience than traditional lectures and that they were actively engaged during group discussions. Post- 
assessment reflections further reinforced this pattern, stating that they were actively involved and motivated during these 
sessions and that their engagement was associated with their performance in viva and practical examinations.

The sixth domain evaluated students’ perceptions of faculty facilitation during the CBL-SGT activity using after- 
session questions 3 and 10 (Table 7). Most of the students agreed that the facilitators’ instructions were clear and that 

Table 4 Students’ Perception of the Impact of CBL-SGT on Exam Preparation and Performance

Questions Strongly 
Agree

Agree Neutral Disagree Strongly 
Disagree

Mean (SD)

The case-based learning activity I attended during the 
practical session helped me perform well in the practical 

exam station related to it.

18 (34.6%) 22 (42.3%) 11 (21.2%) 1 (1.9%) 0 (0.0%) 4.10 ± 0.80

The case-based learning activity improved my ability to 

apply theoretical knowledge in viva/practical exam.

16 (30.8%) 26 (50.0%) 9 (17.3%) 1 (1.9%) 0 (0.0%) 4.10 ± 0.75

The case-based learning activity enhanced my confidence 

in approaching similar questions during exams.

20 (38.5%) 22 (42.3%) 10 (19.2%) 0 (0.0%) 0 (0.0%) 4.19 ± 0.74

Table 3 Students’ Perception of the Effectiveness of the CBL-SGT Learning in Hematology

Questions Strongly 
Agree

Agree Neutral Disagree Strongly 
Disagree

Mean (SD)

I understood the hematology concepts presented in the 

case studies very well.

26 (37.1%) 34 (48.6%) 8 (11.4%) 1 (1.4%) 1 (1.4%) 4.19 ± 0.80

I feel the case studies encouraged critical thinking and 

problem-solving skills very well.

29 (41.4%) 33 (47.1%) 6 (8.6%) 1 (1.4%) 1 (1.4%) 4.26 ± 0.79

I feel that participating in this study has improved my 

understanding in hematology significantly.

22 (31.4%) 40 (57.1%) 5 (7.1%) 1 (1.4%) 2 (2.9%) 4.13 ± 0.83

I am very likely to apply the knowledge gained from these 

case studies in my clinical practice and future studies.

23 (32.9%) 39 (55.7%) 6 (8.6%) 0 (0.0%) 2 (2.9%) 4.16 ± 0.81

Table 5 Students’ Perception of the Team Interaction of the CBL-SGT Learning in Hematology

Questions Strongly 
Agree

Agree Neutral Disagree Strongly 
Disagree

Mean (SD)

After-session: My experience collaborating with my 
classmates during the group discussions was excellent.

21 (30.0%) 36 (51.4%) 9 (12.9%) 3 (4.3%) 1 (1.4%) 4.04 ± 0.86

After-assessment: The group discussions during case-based 

learning improved my clinical reasoning and problem- 

solving skills.

16 (30.8%) 26 (50.0%) 8 (15.4%) 2 (3.8%) 0 (0.0%) 4.08 ± 0.79
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faculty feedback helped them recognize their strengths and shortcomings in hematology. One student commented, “The 
faculty are best at their job”.

The seventh domain assessed students’ views on the continuation and expansion of the CBL-SGT approach using 
after-session question 12 and after-assessment question 7 (Table 8). The 5-point Likert scale used in after-session 
question 12 collapsed into three categories for ease of interpretation. The majority of students reported that they 
would like to participate in similar sessions in the future, and a higher proportion of students suggested incorporating 
this approach into other subjects.

The students’ responses to the open-ended question “Is there any additional feedback/comment that will help us 
enhance your learning experience?” were thematically coded (Box 2). The themes identified included positive learning 
experiences, curriculum integration, and refinement strategies. One student commented, “No benefit”. Overall, the 
qualitative data was consistent with the quantitative findings.

Table 8 Students’ Feedback on the Continuation and Expansion of CBL-SGT Learning in Hematology

Question Yes Neutral No

After-session: I would like to have such sessions in the future. 54 (77.1%) 12 (17.1%) 4 (5.7%)

After-assessment: In the future, I would like to see similar case-based learning sessions added for other 

subjects.

48 (92.3%) 0 (0.0%) 4 (7.7%)

The first question used a 5-point Likert scale, which collapsed into three categories (Yes = Strongly agree + Agree; No = Strongly Disagree + Disagree; Neutral = Neutral). 
The second question used a binary response format (yes/no); therefore, the neutral category was not applicable and was reported as 0.

Table 6 Students’ Perception of Engagement During CBL-SGT Learning in Hematology

Questions Strongly 
Agree

Agree Neutral Disagree Strongly 
Disagree

Mean (SD)

After-session: My learning experience is much better in 

case-based discussions than traditional lecture-based 

learning.

20 (28.6%) 37 (52.9%) 9 (12.9%) 2 (2.9%) 2 (2.9%) 4.01 ± 0.89

After-session: I was engaged in the group discussions 

regarding each case.

22 (31.4%) 37 (52.9%) 9 (12.9%) 1 (1.4%) 1 (1.4%) 4.11 ± 0.79

After-assessment: I was actively involved and motivated 
during the case-based learning sessions.

17 (32.7%) 24 (46.2%) 11 (21.2%) 0 (0.0%) 0 (0.0%) 4.12 ± 0.73

After -assessment: I feel that my increased engagement 
during the case-based learning activity would have 

enhanced my performance in the viva/practical exams.

19 (36.5%) 22 (42.3%) 9 (17.3%) 2 (3.8%) 0 (0.0%) 4.12 ± 0.83

Table 7 Students’ Perception Towards the Faculty of the CBL-SGT Learning in Hematology

Questions Strongly 
Agree

Agree Neutral Disagree Strongly 
Disagree

Mean (SD)

The instructions provided for the group activity and case 
discussions were clear.

26 (37.1%) 36 (51.4%) 5 (7.1%) 2 (2.9%) 1 (1.4%) 4.20 ± 0.81

The feedback from the faculty helped me understand my 
strengths and weaknesses in hematology.

22 (31.4%) 35 (50.0%) 11 (15.7%) 0 (0.0%) 2 (2.9%) 4.07 ± 0.86
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An optional open-ended question requesting after-assessment comments or feedback was answered only by eight 
students. Qualitative analysis would not be meaningful here, considering the low response rate. However, the comments 
are mentioned here: five students responded, “no comments”, one described the activity as great, another viewed 
ChatGPT as a useful academic tool and one student mentioned that the activity enhanced overall knowledge of the 
subject but did not significantly help in the examination.

Across all domains, mean Likert scores ranged from 4.01 ± 0.89 to 4.26 ± 0.79.

Discussion
The emerging experimental learning methods widely applied in dental education include case-based learning, problem- 
based learning, team-based learning, and the flipped classroom.47 The present study explored a hybrid educational 
approach integrating CBL with SGT, supported by AI-generated and faculty-validated instructional material, for teaching 
hematology to second-year undergraduate dental students.

CBL serves as an essential element for integrating discipline-specific contextualization in foundational sciences, 
unifying the basic sciences with clinical practice and helping students understand the relevance of theoretical knowledge 
rather than learning isolated facts.48 CBL was chosen as the pedagogy tool based on substantial literature supporting its 
superiority as an inquiry-based, student-centered active learning method.38 The three phases in case-based learning 
include preparation, discussion, and reflection.49 The challenges in dental education require a multifaceted approach 
involving the implementation of new technologies along with curriculum and faculty development changes.1 Hence, AI 
integration was adopted to assist faculty in designing effective case scenarios that ensure evaluation of knowledge, 
aptitude, and reasoning in clinical decision-making. To enhance the effectiveness of CBL, it was implemented in small 
student groups. The findings of this study indicate positive perceptions of this pedagogical model among the students and 
faculty. The outcome of this hybrid CBL-SGT study resonates with the ongoing worldwide shift toward active, student- 
centered, group learning methods in health professions education.50

The process of case generation largely depends on a well-structured prompt and the AI tool used. The content of the 
prompt determines the quality and relevance of the generated case scenarios. It guides ChatGPT to create realistic, 

Box 2 Thematic Analysis of Students’ Qualitative Feedback on the Open-Ended Question, 
“Is There Any Additional Feedback/Comment That Will Help Us Enhance Your Learning 
Experience?”

Theme 1: Positive learning experience: 

Students overwhelmingly described the hybrid sessions as enjoyable, interactive, and beneficial to 

learning. 
“Great learning experience”. 

“It was helpful”. 

“It was gooooood” 
“It’s all pretty good” 

“It was helpful” 

“Excellent” 
“It was perfect” 

“Good”

Theme 2: Curriculum integration: 

There was a strong desire for more frequent CBL–SGT sessions. 

“Would like more activities like this”. 
“Continue these sessions” 

“More such sessions will be very helpful”.

Theme 3: Refinement strategy: 

A few students recommended more visual aids and case illustrations to further enhance engagement. 

“Use more visuals in cases”.
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contextually appropriate content that assesses higher-order thinking skills in students. Prompts with a goal-oriented 
approach ensure they are constructed correctly and aligned with the desired outcome. Prompts can be optimized by 
tweaking these curated prompts to improve the efficiency of the generated content.51,52 ChatGPT-4o was used as an AI 
tool for case generation, as it has demonstrated the ability to generate medical content based on previous studies.53 

However, there is limited data available on which AI tool is most suitable for generating high-quality case scenarios; 
therefore, the use of the most recent and updated AI tool is recommended.

The first domain examined stakeholders’ perceptions of the instructional materials used in the activity. Well- 
constructed case scenarios are based on a conceptual framework comprising the attributes of relevance, realism, learner 
engagement, challenges and instructional, and incorporates patients’ medical, dental, psychological, socioeconomic, and 
cultural contexts. Such comprehensive case design enhances learners’ critical thinking, supports holistic patient-centered 
decision-making, and strengthens their ability to apply fundamental dental science concepts effectively in real clinical 
situations.8,54 However, developing high-quality case scenarios can require substantial faculty time and effort.13,38 

Evidence regarding AI-assisted case generation in dental education remains limited; hence, this study explored the use 
of an AI tool to generate case-based learning materials. ChatGPT-4o was utilized for this study based on its enhanced 
language understanding and highest diagnostic accuracy.55–58 The faculty described AI as a useful assistant and affirmed 
the relevance of AI-generated case content while emphasizing the need for mandatory scrutiny by experts. This echoes 
findings from previous studies stating that human oversight is absolutely necessary to ensure the credibility of generated 
text since AI can produce incorrect results due to data bias, faulty models, lack of knowledge innovation and creativity, 
which can jeopardize the reliability of the scientific findings.16,59 Students and faculty responses regarding the AI- 
generated content were strongly positive, consistent with the above literature highlighting AI as a supportive tool in 
educational content creation. Students emphasized the need for more visual aid in the case scenarios, suggesting that 
enhanced visual integration could further strengthen engagement, and could be implemented in the future by incorporat
ing more advanced AI tools.

The second domain focused on students’ perception of the educational value of the study. Students reported that the 
activity helped them understand hematology concepts and encouraged analytical thinking. These student perceptions are 
consistent with the recent literature highlighting the superiority of CBL in conceptual integration and clinical judgement, 
promoting meaningful learning in health sciences education.60–63 Collectively, these perceived learner benefits, along 
with further incorporation of objective learning measures, can reinforce the effectiveness of CBL-SGT as a learner- 
centered approach.

The third domain addressed students’ perceptions related to assessment preparedness and performance. Students 
indicated that participation in the hybrid sessions supported their ability to bridge theoretical knowledge with clinical 
application, which aligns with other studies that focus on using CBL to strengthen students’ deep understanding, critical 
thinking, retention, and higher-order cognitive skills.64–67 This study also showed a favorable view of enhanced 
confidence during examinations among students, a finding also reflected in the literature, with Khattak et al stating 
that critical thinking ability and self-confidence are positively correlated67,68 Self-reported perceptions by students 
indicated that the CBL-SGT approach helped them perform well in their assessments, which aligns with previous 
literature.66,67,69,70

The fourth domain focused on collaborative learning experience within the small-group format. Students reported 
positive perceptions of peer interactions during small-group discussions, which is supported by the previous studies that 
highlight that small-group teaching actively engages learners, encourages their participation, and enhances collaborative 
learning, fostering lifelong learning skills and exploring their hidden capacities of self-reliance, self-directed learning and 
directed self-learning.44,45,71,72 Students also reported that group discussions improved their clinical reasoning and 
problem-solving skills, corroborating the existing literature.72–75

The fifth domain reflected students’ perception of their engagement during the CBL-SGT activity. Most respondents 
indicated that the hybrid sessions rendered a more engaging learning experience than traditional didactic lectures. The 
students’ positive perception of their active involvement in group discussions fostered intrinsic motivation, aligning with 
the adult learning principle that emphasizes self-directed learning. Post-assessment reflections further reinforce this 
pattern, and many believed that their engagement contributed to examination performance. These results align with 
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previous literature, which highlight that structured case discussions enhance learner involvement, and increase compe
tency scores, reflecting better academic performance and clinical practice.8,54,69,72,73,76

The sixth domain explored students’ perceptions of faculty facilitation during the hybrid CBL-SGT pedagogy 
exercise. Participants reported that facilitators provided clear instructions and constructive feedback that supported 
learning, consistent with the previous studies.8,45 The role of instructors in enhancing class discussion is more critical 
by creating intriguing cases, having good communicative skills, clarifying concepts, and encouraging analytical 
reasoning.9,49,62,77 The qualitative comment by the students regarding the faculty being the best aligns with the literature, 
which also mentions the need for trained faculty members to teach in small-group active learning settings, to adopt 
a more encompassing, context-sensitive approach that considers the complexity of student engagement.42

The seventh domain explored students’ feedback on the continuation and expansion of similar sessions. The quality of 
feedback further reinforced this need, with students describing the sessions as enjoyable, interactive, and highly 
beneficial, and explicitly requesting more opportunities for this type of learning. The favourable perception-based 
responses increased from post-activity to post-assessment feedback, reflecting the positive effect on examination 
performance, however one student mentioned that this study did not significantly aid him in the examination but 
enhanced overall knowledge of the subject. These findings align with the existing literature, which demonstrate that 
CBL promotes theoretical understanding, deepens clinical reasoning and improves learner engagement.60,69,78

The strengths of this study include high positive perception rates among both students and faculty across all domains, 
providing a comprehensive evaluation of the study and using validated questionnaires with excellent internal reliability. 
The integration of AI-assistance in case generation is an innovation, followed by expert validation adds practical 
scalability. The overwhelmingly favourable responses make this collaborative higher order cognitive pedagogy with 
clinical applicability appropriate for further evaluation using objective performance measures.

Cronbach’s alpha value of 0.95 demonstrates excellent internal consistency of the questionnaire, although very high 
values may occasionally indicate possible item redundancy.

The study has several limitations. This was a single institution study, which may limit generalizability to other 
academic settings. The duration was relatively short, and hence long-term benefits could not be assessed. The absence of 
a control group prevented direct comparison with a lecture-only group or a medium/large group, limiting causal 
inference. The intervention focused on hematology topics, and the findings were based solely on self-reported percep
tions. Sampling based on attendance may have introduced potential selection bias. Faculty feedback was obtained from 
four faculty members, which may limit generalizability. The uniformly high Likert scores raise the possibility of ceiling 
effects and social desirability bias. The study also did not include an assessment of clinical performance in real patient 
care settings.

Of the 70 students who participated in the CBL-SGT activity, 52 completed the post-examination questionnaire, 
whereas the calculated sample size requirement was 61. This reduction in the sample size may be attributed to non- 
responses after the examination, as participation was voluntary and conducted outside the scheduled assessment session.

Conclusion
The findings of this study suggest that the hybrid CBL-SGT approach supported by AI-assisted case generation was 
feasible and acceptable within the undergraduate dental curriculum. Students expressed high levels of satisfaction with 
this learning approach, and students and faculty reported positive perceptions regarding the AI-assisted case generation 
while faculty also highlighted the significance of expert review. The integration of structured CBL–SGT sessions 
supported by diverse case vignettes generated by AI with strong human oversight may therefore represent a practical 
strategy for enhancing interactive learning experiences in hematology. This learner-centered, interactive approach 
complements traditional lectures, strengthening foundational learning and preparing students for clinical training.

Future work could involve making the case generation process more structured and visually appealing by utilizing 
advanced AI tools to enhance student engagement and problem-solving. This approach can be expanded through 
controlled, multi-institutional studies, along with further incorporation of objective-based outcomes to enrich students’ 
learning experience and support sustained knowledge retention.
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