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Purpose: To examine first-year medical students’ perceptions of integrating brief, Problem-Based Learning (PBL)-informed medical
cases into General and Organic Chemistry laboratories within a traditional 6-year curriculum, and to evaluate Natural Language
Processing (NLP)-based sentiment analysis for analysing free-text feedback.

Methods: First-year medical students participated across two consecutive semesters. Concise, patient-oriented cases were embedded
within General Chemistry (fall) and Organic Chemistry (spring) laboratory sessions. After each semester, students completed an
anonymous questionnaire with Likert-type items and three open-ended questions addressing challenges, suggested improvements, and
overall experience. Quantitative responses were summarised descriptively, with group comparisons by prior experience conducted using
chi-square tests. Free-text responses were analysed using NLP-based sentiment analysis in Python. A stratified sample of comments
underwent independent sentiment coding by five blinded human raters, and agreement was assessed using Krippendorff’s alpha.
Results: Response rates were 49% in the fall (106/218) and 52% in the spring (112/215). Overall satisfaction was high across both
semesters. Most students agreed that integrated medical cases enhanced understanding of medical concepts, increased engagement and
interactivity, and was perceived to support early clinical reasoning. Attitudes did not differ significantly by prior experience with
integrated labs. Of 380 open-ended responses, 62.6% were classified by NLP as positive and 12.1% as negative; negative comments
focused mainly on time constraints, language barriers, and diagnostic difficulty. Inter-rater agreement among human coders was high
(Krippendorff’s alpha 0.77), and NLP classifications agreed with the human majority decision in 87% of sampled subset of comments.
Conclusion: PBL-informed case integration into first-year chemistry laboratories was associated with high student satisfaction and
perceived enhancement of engagement, conceptual understanding, and early clinical reasoning, supporting the value of clinically
contextualised laboratory teaching for evidence-based curriculum development in early medical education. In addition, this study
demonstrates the potential of combining NLP-based sentiment analysis with targeted human verification as an innovative and scalable
methodology for evaluating qualitative student feedback, contributing to the advancement of research and practice in medical
education and educational technology.

Plain Language Summary: Medical students often find it difficult to see how basic science subjects relate to clinical practice,
particularly in the early years of training. In this study, we examined whether adding short, clinically focused medical cases to first-
year chemistry laboratory sessions could improve students’ learning experience in a traditional medical curriculum.

First-year medical students participated in chemistry laboratories where brief patient cases were used to highlight the medical
relevance of the experiments. After completing the sessions, students provided feedback through questionnaires that included both
rating scales and open-ended written comments. We analysed these responses using standard statistical methods and computer-based
text analysis.
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Most students reported high satisfaction with the integrated laboratory sessions and felt that the medical cases made the labs more
engaging, interactive, and relevant to future clinical practice. Many students also reported that the approach encouraged early clinical
reasoning. We found that computer-based analysis of students’ written feedback could reliably summarise overall positive and negative
sentiments, although human review was still important for comments suggesting improvements.

These findings suggest that simple changes to laboratory teaching can help connect basic science with clinical practice early in
medical education and that automated text analysis can support educators in efficiently evaluating student feedback in large courses.

Keywords: medical education, problem-based learning, basic science—clinical integration, chemistry laboratories, natural language
processing, student perceptions

Introduction

The practice of evidence-based medicine continues to evolve in response to an increasingly complex health care
environment. Medical practitioners are expected to navigate clinical uncertainty, system constraints, and rapidly
expanding scientific knowledge, which requires flexible and integrative thinking.! Medical education must similarly
evolve, adopting instructional approaches that foster application of basic science concepts to patient care, rather than
emphasizing only the acquisition of isolated facts.

Traditional preclinical curricula often prioritize measurable knowledge and technical skills. This emphasis can neglect
educational practices known to support adult learning, such as active engagement, supervised practice, timely feedback,
and guided reflection.”® Reflection in particular has been identified as central to transforming factual knowledge into
deeper clinical understanding and professional judgment.*> When basic science is taught in relative isolation from
clinical application, students commonly report a disconnect between theory and practice, along with partial and fragile
retention of basic science knowledge.®® These gaps are frequently attributed to limited opportunities to link core
concepts with authentic clinical problems.

Similar challenges have been observed in other developing countries, where medical students frequently find
traditional basic science curricula less relevant to later clinical work. For example, studies in Ethiopia and Egypt
document that students perceive foundational science knowledge as more meaningful and applicable when explicitly
linked to clinical scenarios, highlighting the need for curriculum interventions that integrate authentic clinical context
into early medical education.'®'" These findings underscore the broader relevance of educational innovations, such as
PBL-informed case integration, for enhancing student engagement, perceived understanding, and preparedness for
clinical reasoning across diverse educational settings.

Problem-Based Learning (PBL) has been proposed as one way to address these limitations.” *'*!? Initially developed
at McMaster University and Maastricht University, case-based PBL structures learning around patient cases that students
explore through facilitated small-group discussion, identification of learning objectives, self-directed study, and subse-
quent synthesis.'*'> This student-centered approach promotes guided reflection on prior knowledge, encourages learners
to articulate uncertainties, and supports the active construction of integrated knowledge networks.'®'® Reviews and
meta-analyses across medicine, nursing, and pharmacy have reported improvements in critical thinking, problem-solving,
and self-directed learning, along with higher satisfaction among students and tutors.'®'® Longer-term follow-up studies
suggest that PBL can contribute to lifelong learning habits and improved clinical performance, particularly in complex
psychosocial contexts.?%*!

First-year medical students are navigating a demanding transition as they adapt to new academic expectations,
pedagogical methods, and social environments.>> > This period of adjustment can be stressful and may influence later
success.”* PBL, especially when structured around active and self-directed learning cycles, has been argued to support
key early competencies such as independent learning, prioritization, and introspection.'**® Embedding PBL-informed
approaches in foundational courses may therefore help students perceive the relevance of basic science and practice core
cognitive and professional skills from the outset of training. Laboratory-based teaching offers a particularly suitable
setting for such early integration. In contrast to lecture-based instruction, laboratory sessions involve small-group
collaboration, active experimentation, and discussion of observed outcomes, creating natural opportunities for inquiry
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and contextualised learning. In foundational disciplines such as chemistry, laboratories also allow students to directly
connect abstract biochemical and molecular concepts with phenomena that support physiological processes and disease
mechanisms. PBL-informed integration of clinically oriented cases within laboratory activities may therefore help situate
basic science within a meaningful medical context while preserving the practical and experimental focus of early
preclinical training.

At our university, chemistry is taught in the first year of a 6-year undergraduate medical program within a largely
traditional curriculum. To bridge the gap between basic sciences and clinical practice, we integrated concise medical
cases, designed according to PBL principles, into general and organic chemistry laboratory sessions. The primary aim of
this study was to explore students’ perceptions of this innovation in terms of satisfaction, engagement, and perceived
understanding. A secondary aim was to examine the feasibility and performance of Natural Language Processing (NLP)
sentiment analysis for efficiently summarizing qualitative feedback from large student cohorts.

While numerous studies have reported student perceptions of problem-based and case-based learning, far fewer have
examined how emerging analytic methods can support the systematic evaluation of large volumes of qualitative
educational data. In particular, there is limited empirical validation of Natural Language Processing—based sentiment
analysis against human judgment in the context of medical education. Addressing this gap is increasingly important as
medical schools seek scalable, evidence-informed approaches to curriculum evaluation. The present study therefore
combines educational evaluation with methodological assessment, examining both learners’ perceptions of PBL-

informed case integration and the performance of NLP tools for analysing free-text feedback.

Methods
Setting, Participants, and Study Design

This study was conducted at the University of Nicosia Medical School in Cyprus. Participants were first-year students
enrolled in a 6-year undergraduate medical program (MD®6), during one academic year. General chemistry laboratories
were delivered in the fall semester and organic chemistry laboratories in the spring semester.

All first-year students attending these courses were invited to participate. In the fall semester, 218 students were
eligible, and in the spring semester, 215 students were eligible. Participation in the evaluation was voluntary and
anonymous. Informed consent was obtained from all participants. The study received ethical approval from the
Cyprus National Bioethics Committee, an independent national body that is not under the administrative control of

any ministry.

Educational Intervention

In both general and organic chemistry laboratories, concise medical cases grounded in PBL principles were developed
and integrated into existing lab sessions. More specifically, four cases per semester were introduced and each case framed
the core chemistry concepts within a clinically oriented scenario, prompting students to consider the biomedical
relevance of the laboratory activities.

For example, during double displacement reactions and precipitates experiment, students were presented with a brief
clinical case involving a patient with acute joint pain and swelling suggestive of gout. Within the context of the
experiment, students were encouraged to explore the possibility that certain substances in the body may undergo similar
reactions, leading to the formation of precipitates or deposits within joints or tissues. Another example was the laboratory
session on the determination of acetic acid concentration in vinegar by titration, where students were presented with
a brief clinical scenario involving a patient experiencing persistent heartburn and acid regurgitation suggestive of
gastroesophageal reflux disease (GERD). Students were encouraged to reflect on the role of acids in the gastrointestinal
system and how variations in acidity may influence symptoms and disease processes. An experienced tutor with expertise
in PBL facilitation, facilitated discussion of the cases, encouraged students to articulate hypotheses, and invited learners
to apply emerging clinical reasoning as they engaged with the laboratory tasks. The same tutor facilitated all the sessions

in both fall and spring semesters.
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More specifically, our PBL-informed methodology involved students that were initially provided with patient
information and were asked to identify key clinical features, generate relevant history questions, and formulate
preliminary diagnostic hypotheses as the case progressively unfolded. Prior to reaching the diagnostic stage, students
were encouraged to conduct brief targeted research on the presented information while simultaneously completing the
associated laboratory experiment. This process was intended to promote the integration of foundational chemical
concepts with clinically relevant problem solving. Following completion of the experiment, students reconvened for
a facilitated group discussion in which the diagnosis was revealed. Participants were then invited to discuss the
underlying biochemical or physiological mechanisms, and consider potential management and treatment approaches.
Case discussion lasted approximately 1—1.5 hours and was conducted within the scheduled laboratory session.

The format and content of the cases were aligned with course learning objectives and designed to be feasible within
existing time constraints. All students in the cohort were exposed to these integrated sessions as part of the standard
curriculum.

Data Collection

At the end of each semester, students were invited to complete an anonymous online questionnaire hosted on
SurveyMonkey (SurveyMonkey, San Mateo, California). The same instrument was administered in both semesters.
The questionnaire comprised 13 items, including Demographic questions (age, gender, prior experience with integrated
lab sessions), Likert-type items (assessing satisfaction with the sessions, perceived impact on understanding, interest,
engagement, interactivity, use of clinical reasoning, and desire for more integrated cases), and three open-ended
questions. The open questions were:

1. “What challenges, if any, have you faced during lab sessions with integrated medical cases?”

2. “How do you think the integration of medical cases in the labs could be improved to support your learning better?”

3. “Share any additional thoughts or comments regarding your overall experience with the integration of medical
cases in labs”.

The questionnaire was developed specifically for this study and informed by prior literature on questionnaire design in
medical education.?’ Ttem development was additionally guided by the authors’ prior experience in PBL facilitation and
undergraduate chemistry teaching, to ensure relevance to the educational context and alignment with the intervention.
The instrument was designed to capture key constructs related to student perceptions, including satisfaction, engagement,
and perceived learning. Additionally, it was intended to assess face-valid constructs; however, it did not undergo formal
psychometric validation or reliability testing (eg, internal consistency). Given the descriptive and exploratory nature of
the study, the instrument was used to provide an overall assessment of student perceptions rather than to function as
a validated measurement scale. Responses were not linked across semesters, to preserve anonymity.

Quantitative Data Analysis

Quantitative analyses were conducted separately for the fall and spring semesters. Descriptive statistics summarized
respondent characteristics using means and standard deviations (SDs) for continuous variables and proportions for
categorical variables. Satisfaction levels and attitudes toward the integrated lab sessions were reported as proportions
with 95% confidence intervals (Cls) for each response category.

Chi-square tests were used to examine whether responses differed according to previous experience with integrated lab
sessions. Subgroup analyses based on prior experience with integrated lab sessions were conducted on an exploratory basis to
examine whether baseline familiarity with similar educational approaches influenced students’ perceptions of the interven-
tion. Statistical significance was set at P <0.05. When appropriate, Fisher exact tests were used, as reported in Table 1.

NLP-Based Sentiment Analysis of Free-Text Responses
Free-text responses to the 3 open-ended questions were exported from SurveyMonkey (SurveyMonkey Inc, San Mateo,
California) into Microsoft Excel (Microsoft Corp, Redmond, Washington) files. For each response, the dataset included
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Table | Student Attitudes Toward Integration of Medical Cases in Laboratories, Stratified by Previous Experience. The Associations

Were Examined Using the Fisher’s Exact Test

Fall Semester p.value Spring Semester p.value
No Experience Some Experience No Experience Some Experience
(n=53) (n=53) (n=19) (n=93)
%, 95% CI %, 95% CI %, 95% CI %, 95% CI
How would you rate your overall experience with the integration of medical cases in lab sessions?
Very dissatisfied 1.9 (0.3-12.7) 0 0.64 0 0 0.51
Dissatisfied 1.9 (0.3-12.7) 0 0 1.1 (1.0-9.7)
Undecided 0 3.8 (0.9-14.3) 0 3.2 (1.0-9.7)
Satisfied 28.3 (17.642.1) 28.3 (17.642.1) 57.9 (34.1-78.5) 409 (31.2-51.2)
Very satisfied 67.9 (53.9-79.3) 67.9 (53.9-79.2) 42.1 (21.5-65.9) 54.8 (44.5-64.8)
Integration of medical cases in the labs enhanced my understanding of medical concepts
Strongly disagree 1.9 (0.3-12.7) 0 | 0 0 0.63
Disagree 1.9 (0.3-12.7) 1.9 (0.3-12.7) 0 1.1 (0.2-7.4)
Undecided 3.8 (0.9-14.3) 3.8 (0.9-14.3) 5.3 (0.6-32.5) 2.2 (0.5-8.3)
Agree 33.9 (22.3-47.9) 35.9 (23.9-49.8) 47.4 (25.5-70.3) 46.2 (36.3-56.5)
Strongly agree 58.5 (44.6-71.1) 58.5 (44.6-71.1) 47.4 (25.5-70.3) 50.5 (40.4-60.7)
Integration of medical cases in the labs made the session more interesting
Strongly disagree 1.9 (0.3-12.7) 0 0.08 0 0 0.23
Disagree 1.9 (0.3-12.7) 0 5.3 (0.6-32.5) 0
Undecided 0 5.7 (1.8-16.5) 0 4.3 (1.6-11.0)
Agree 28.3 (17.642.1) 16.9 (8.9-29.9) 31.6 (14.1-56.6) 25.8 (17.9-35.8)
Strongly agree 67.9 (53.9-79.3) 77.4 (63.9-86.8) 63.2 (38.7-82.3) 69.9 (59.7-78.4)
Integration of medical cases in the labs made the session more engaging
Strongly disagree 0 0 0.12 0 I.1 (0.2-7.4) 0.44
Disagree 1.9 (0.3-12.7) 0 0 0
Undecided 1.9 (0.3-12.7) 1.9 (0.3-12.7) 5.3 (0.6-32.5) I.1 (0.2-7.4)
Agree 33.9 (22.3-47.9) 18.9 (10.3-31.9) 36.8 (17.7-61.3) 33.3 (24.4-43.6)
Strongly agree 62.3 (48.3-74.5) 79.3 (65.9-88.3) 57.9 (34.1-78.5) 64.5 (54.2-73.7)
Integration of medical cases in the labs made the session more interactive
Strongly disagree 0 0 0.50 0 1.1 (0.2-7.4) 0.53
Disagree 1.9 (0.3-12.7) 0 0 0
Undecided 1.9 (0.3-12.7) 3.8 (0.9-14.3) 5.3 (0.6-32.5) 1.1 (0.2-7.4)
Agree 33.9 (22.3-47.9) 24.5 (14.6-38.2) 26.3 (10.7-51.6) 31.2 (22.541.4)
Strongly agree 62.3 (48.3-74.5) 71.7 (57.9-82.4) 68.4 (43.5-58.9) 66.7 (56.4-75.6)
(Continued)
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Table 1 (Continued).

Fall Semester p.value Spring Semester p.value
No Experience Some Experience No Experience Some Experience
(n=53) (n=53) (n=19) (n=93)
%, 95% ClI %, 95% CI %, 95% CI %, 95% CI
Our tutor encouraged us to use clinical reasoning
Strongly disagree 0 0 0.52 0 0 0.58
Disagree 0 1.9 (0.3-12.7) 0 0
Undecided 1.9 (0.3-12.7) 3.8 (0.9-14.3) 0 6.5 (2.9-13.8)
Agree 30.2 (19.2-44.1) 20.8 (11.7-34.1) 42.1 (21.5-65.9) 32.3 (23.5-42.5)
Strongly agree 67.9 (53.9-79.3) 73.6 (59.9-83.9) 57.9 (34.1-78.5) 61.3 (50.9-70.7)
| would like to have more sessions where medical cases are incorporated
Strongly disagree 0 0 0.78 0 0 0.65
Disagree 1.9 (0.3-12.7) 0 0 3.2 (1.0-9.7)
Undecided 7.6 (2.8-18.8) 3.8 (0.9-14.3) 5.3 (0.6-32.5) 6.5 (2.9-13.8)
Agree 18.9 (10.3-31.9) 18.9 (10.3-31.9) 15.8 (4.8-41.3) 27.9 (19.7-38.0)
Strongly agree 71.7 (57.9-824) 77.4 (63.9-86.8) 78.9 (53.5-924) 62.4 (52.0-71.7)

the student serial number, the response text, the completion date and time, and the corresponding semester (fall or
spring). Responses that were blank or that contained only “N/A” were removed.

Sentiment analysis was conducted in Python using the Natural Language Toolkit (NLTK), the Valence Aware
Dictionary and sEntiment Reasoner (VADER).>’*® A minimal text normalisation was applied, in which comments
were converted to string format and leading and trailing whitespace, as well as repeated internal whitespace, were
removed.

For each comment, VADER returned a compound sentiment score, between —1 and 1, and a negative, neutral, or
positive classification. The polarity classification used the standard VADER thresholds: positive for compound > 0.05,

negative for compound < —0.05, and neutral for values between —0.05 and 0.05.%®

Human Verification and Agreement Analysis
This component of the study was designed to empirically evaluate the reliability and limitations of NLP-based sentiment
analysis when applied to authentic free-text responses in medical education.

To evaluate the performance of the NLP sentiment classification, a stratified random sample of comments was
selected across both semesters and all three open-ended questions. The sampling strategy aimed to ensure representation
of the three sentiment classes (positive, neutral, negative) within each question and semester. The full set of responses
was divided into six strata defined by semester (two levels) and question (three levels). From each stratum, 10 comments
were selected, yielding a total sample of 60 comments. Within each stratum, comments were first grouped by their
VADER sentiment classification (positive, neutral, negative). Up to three comments were randomly selected from each
sentiment class. The remaining positions required to reach ten comments per stratum were then filled by random
selection from the remaining comments within that stratum. Five researchers, blinded to the NLP outputs, independently
reviewed the text of each sampled comment and assigned a sentiment label (negative, neutral, or positive).

Inter-rater agreement among the five human coders for sentiment polarity was quantified using Krippendorftf’s
alpha.”’ A majority-vote human sentiment category was derived for each comment (agreement of at least 3 of 5 raters)

Advances in Medical Education and Practice 2026:17
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and compared with the NLP classification. Discrepancies were counted and examined qualitatively by reviewing the
original text and summaries to identify potential patterns in misclassification.

Results

Participant Characteristics

In the fall semester, 106 of 218 eligible students completed the questionnaire, corresponding to a 49% response rate.
Among respondents, 37% were male and 63% were female. In the spring semester, 112 of 215 students responded (52%
response rate), with 41% male and 59% female. The mean age was 18.8 years (SD, 2.6) in the fall and 19.4 years (SD,
1.9) in the spring. Half of the fall respondents reported previous experience with integrated lab sessions, compared with
83% of the spring respondents.

Satisfaction and Perceived Educational Value

Overall satisfaction with the integrated medical cases was high in both semesters. In the fall, 28% of respondents (95%
CI, 20% — 38%) reported being satisfied and 68% (95% CI, 58% — 76%) reported being very satisfied. Only 1% (95% CI,
0.1% — 6.5%) reported being dissatisfied and 1% (95% CI, 0.1% — 6.5%) very dissatisfied. In the spring, 43% (n = 49;
95% CI1, 35% — 53%) reported being satisfied and 53% (95% CI, 43% — 62%) very satisfied, while 1% (95% CI, 0.1% —
6.2%) reported being dissatisfied.

Across both semesters, a substantial proportion of students strongly endorsed the educational value of the integrated
cases. In the fall, 58% (95% CI, 49% — 68%) strongly agreed that the integration of medical cases enhanced their
understanding of medical concepts, and in the spring 50% (95% CI, 49% — 68%) strongly agreed with this statement.
Similarly, 73% of fall respondents (95% CI, 63% — 80%) and 69% of spring respondents (95% CI, 59% — 77%) strongly
agreed that the sessions were more interesting with integrated cases. Seventy-one percent in the fall (95% CI, 61% —
79%) and 63% in the spring (95% CI, 54% — 72%) strongly agreed that sessions were more engaging, and 67% in the fall
(95% CI, 57% — 75%) and 67% in the spring (95% CI, 58% — 75%) strongly agreed that sessions were more interactive.

Most students reported that tutor encouraged the use of clinical reasoning during the sessions: 71% in the fall (95%
CI, 61% — 79%) and 61% in the spring (95% CI, 51% — 69%) strongly agreed that tutors encouraged them to use clinical
reasoning. Desire for further integration was also strong. In the fall, 75% (95% CI, 65% — 82%) strongly agreed that they
would like more sessions with integrated medical cases; in the spring, 65% (95% CI, 56% — 73%) strongly agreed with
this statement. Detailed distributions of responses are presented in Figure 1.

When responses were stratified by prior experience with integrated lab sessions, no statistically significant differences
were observed in any of the attitudinal items for either semester, as summarized in Table 1. This suggests that earlier
exposure to integrated labs did not materially influence perceptions of the current intervention.

NLP Sentiment Analysis and Human Verification

A stratified sample of 60 free-text comments underwent human sentiment coding by five independent raters.
Krippendorft’s alpha for inter-rater agreement was 0.771, indicating strong but not perfect agreement. For 8 of the 60
comments, there was a discrepancy between the majority human sentiment decision and the NLP classification. Table 2
summarizes these discrepant cases and an additional 3 instances in which the majority decision aligned with the NLP
output but two of the five raters disagreed with the algorithm.

The first six discrepant cases represented comments in which students expressed a desire for change or suggested
improvements, such as requesting more time for brainstorming or research, better alignment of diagnoses with lecture
content, or adjustments to lab timing and pacing. In all 6, the majority of human raters interpreted the comments as
negative, whereas the NLP algorithm labelled them as neutral or positive. These responses were all elicited by Question
7, which explicitly invited suggestions for improvement, a framing that may have influenced both students’ phrasing and
the algorithm’s performance. Notably, human raters did not unanimously agree in these cases, and at least one rater in
each instance classified the sentiment as neutral or positive.

Advances in Medical Education and Practice 2026:17 https: 7
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Table 2 Discrepancies Between Human Raters’ and NLP Sentiment Classifications in a Stratified Sample of Comments. Rows
Highlighted in Grey Denote Cases Where the Majority Decision Aligned with the NLP Output, but Two of the Five Raters
Disagreed with the Algorithm

Question?, Comment Sentiment Polarity® Rating Number of
Student, Human and
Semester® NLP Rating
Disagreements
Human | | Human 2 | Human 3 | Human 4 | Human 5 NLP
72,47 Diagnosis should be what - - - - X + 5
we learned in lectures
(depending on the subject)
so we have more extensive
knowledge of the diagnosis
and treatment of these cases
7,191 Allowing for more time to + - - - - + 4
brain storm
7,1,99 Explain the medical + - - - X + 4
diagnosis more
7,1,86 Have more time for the + - - - X + 4
research
7,2,63 Go through the medical - - - - X X 4
cases slightly faster as the
initial bit gets repetitive
7,2,59 Better lab timings - - - - X X 4
82,9 | do not have any + X X X X + 4
reservations
6,1,96 Time pressure but | think it | x X + + + X 3
help us
6,2,21 | did not have any challenges | + ar X X ap ar 2
with the integrated cases
6,2,32 No challenge + + X X + + 2
6,2,66 English is not my first X X - - X X 2
language

Notes: *Question numbers: 6, “What challenges, if any, have you faced during lab sessions with integrated medical cases?”; 7, “How do you think the integration of medical
cases in the labs could be improved to better support your learning?”; 8, “Share any additional thoughts or comments regarding your overall experience with the integration

= “ o= “yr =

of medical cases in labs”. ®Semester code: |=Fall, 2=Spring. “Sentiment polarity codes: “+” = positive; “~” = negative; “x” = neutral.

The remaining two discrepant cases showed subtler differences. In one comment (“I do not have any reservations™), 4
of 5 human raters coded the sentiment as neutral, whereas the fifth rater and the NLP classifier coded it as positive. In
another comment (“Time pressure but I think it helps us”), 3 of 5 human raters coded the sentiment as positive, and 2
raters along with the NLP classifier coded it as neutral.

Across the full dataset of 380 comments, 238 (62.6%) were classified by the NLP algorithm as positive, 96 (25.3%) as
neutral, and 46 (12.1%) as negative. Negative sentiments were primarily linked to challenges such as time pressure, the
difficulty of identifying medical diagnoses during lab sessions, and language barriers. These issues often co-existed with

appreciation for the practical aspects of the sessions.
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Descriptively the fall showed a slightly higher proportion of positive sentiments and fewer neutral sentiments than the
spring, although both semesters reflected overall favorable perceptions.*® Taken together, the human verification showed
that NLP sentiment analysis aligned with the majority of human judgments in 52 of 60 sampled comments (87%
accuracy). Misclassifications mainly occurred when the algorithm interpreted suggestions for improvement as neutral or
positive, and when comments were ambiguous regarding their evaluative tone.

Discussion

This study evaluated first-year medical students’ perceptions of integrating concise PBL-informed medical cases into
General and Organic Chemistry laboratories within a traditional 6-year medical curriculum. Students reported high levels
of satisfaction and perceived that the cases enhanced understanding, increased interest, and promoted engagement,
interactivity, and clinical reasoning, supporting the feasibility of connecting foundational chemistry concepts with
authentic clinical scenarios early in training.

Interpretation in Light of Existing Literature

Our results align with an extensive literature reporting favorable student perceptions of PBL in health professions
education, including improvements in motivation, critical thinking, and self-directed learning.'*'®'%*! Students in our
study highlighted the realism and complexity of the cases and the interactive nature of the sessions as key strengths,
echoing prior reports that emphasize the importance of meaningful integration of basic science and clinical practice.>>>?

The role of the tutor emerged as particularly salient. Amerstorfer and Miinster-Kistner described how students’
engagement in PBL is shaped by perceptions of teacher caring, credibility, communication style, and feedback.** In our
study, several free-text comments explicitly expressed appreciation for instructors, and most students strongly agreed that
tutors encouraged the use of clinical reasoning. This pattern suggests that well-prepared facilitators who can maintain
a psychologically safe environment and invite exploratory reasoning may strongly influence the success of integrated
sessions.

Consistent with the sentiment analysis results, only 12.1% of the 380 comments were classified as negative, and these
primarily referred to logistical issues such as time constraints, diagnostic difficulties given the early stage of training, and
language barriers rather than criticism of the pedagogical framework itself. Addressing these issues may involve
allocating slightly more discussion time, improving alignment between laboratory cases and concurrent lectures, and
providing clearer explanations of diagnostic reasoning during case debriefing.

Within a PBL framework, some of these challenges, particularly initial knowledge gaps, are expected and can be
mitigated through structured self-directed learning, although they should still be considered when designing and
scheduling PBL-style activities in foundational courses.'**

The finding that no significant differences in attitudes were detected when stratifying by prior experience with
integrated labs suggests that even students new to this format can derive perceived benefit from the intervention. This
observation may suggest that integrated, case-based learning can be introduced early in medical training and serves as

a hypothesis-generating finding that warrants further investigation in more rigorous study designs.

Use of NLP and Sentiment Analysis in Educational Evaluation

Free-text responses provide rich insights into student experience but are time-consuming to analyse manually, especially
in large cohorts typical of medical schools.*>*® Our application of NLP sentiment analysis demonstrates a practical
approach to summarising such qualitative feedback at scale. Previous studies have reported that NLP can identify
sentiments in student evaluations, offering institutions timely information on courses and teaching.’” >° Our findings are
consistent with these reports and extend them to the context of integrated PBL-style activities in basic science
laboratories.

The combination of NLP sentiment analysis and human verification in this study highlights both the potential and the
limitations of current tools. Overall agreement between the VADER algorithm and majority human sentiment coding was
high (87%), and Krippendorff alpha among human raters indicated strong reliability. However, misclassifications
frequently arose in comments framed as suggestions or wishes for improvement. In these cases, students’ wording
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conveyed a desire for change, which human raters typically interpreted as negative, while the algorithm coded them as
neutral or positive.

This pattern is not unexpected, given that many lexicon-based sentiment tools rely on word-level valence without
fully accounting for pragmatic context.>” The discrepancies we observed underscore that sentiment analysis should be
interpreted as a screening or triage tool rather than a definitive classifier. Human review remains essential, particularly for
borderline cases and when granular interpretation is required to improve quality.

From a practical perspective, the NLP-based method enabled rapid analysis of several hundred free-text responses
with minimal computational resources, compared with the substantial time and personnel typically required for manual
qualitative coding. While not intended to replace human interpretation, this efficiency supports the use of NLP as a first-
pass screening tool in large medical programs, allowing educators to identify dominant trends and target subsets of
feedback for deeper qualitative review.

At the same time, the ability of NLP methods to process hundreds or thousands of comments rapidly provides
a substantial advantage over manual analysis alone. NLP can surface overarching trends, highlight areas of concern, and
direct educators’ attention to subsets of comments that warrant closer reading. This hybrid approach balances efficiency
with interpretive depth.

Strengths

This study has several strengths. It focuses on a clearly defined educational innovation: embedding concise medical cases
within first-year chemistry laboratories in a traditional curriculum. The evaluation includes both quantitative and
qualitative components, capturing satisfaction, perceived educational impact, and nuanced perceptions of the learning
experience. The use of NLP and sentiment analysis to handle free-text responses addresses a practical barrier to
analyzing open-ended feedback in large cohorts and is complemented by a structured human verification process. The
stratification of attitudes by prior experience with integrated labs provides additional context for interpreting students’
responses.

Scientific Contribution

This study makes two primary contributions to the medical education literature. First, it provides initial, hypothesis-
generating insight into students’ perceptions of integrating concise, PBL-informed clinical cases into foundational
science laboratories, highlighting this approach as a potential area for further investigation. Second, and more impor-
tantly from a methodological perspective, it offers one of the few systematic validations of NLP-based sentiment analysis
against multi-rater human coding in medical education. By identifying specific patterns of misclassification—particularly
in comments framed as suggestions for improvement—the study advances understanding of how automated text analytics
can be responsibly applied, interpreted, and refined in educational evaluation.

Limitations

Several limitations should be considered. First, the study did not include a comparator group, as the intervention was
implemented across the entire cohort as part of routine teaching. This limits internal validity and precludes causal
attribution of the observed outcomes to the intervention. In addition, the anonymous design precluded linking individual
students’ responses across semesters, which prevented paired analyses and limited the ability to explore within-student
changes over time. It is also possible that some students contributed responses in both semesters, introducing partial
dependence between datasets. For these reasons, no formal comparisons between semesters were undertaken, and the
findings should be interpreted as descriptive and hypothesis-generating.

Second, response rates were approximately 50% in both semesters. Voluntary participation raises the possibility of
selection bias if students with stronger positive or negative views were more likely to respond. The high satisfaction
levels observed may overestimate the perceptions of the full cohort.

Third, the study relied on self-reported perceptions and did not include objective measures of learning outcomes, such as
examination performance, long-term knowledge retention, or observed clinical reasoning skills. Prior meta-analyses suggest
that PBL is often associated with favorable student perceptions and skills related to problem-solving and self-directed
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learning, but the impact on short-term academic performance, especially in early preclinical years, is mixed.'®'®4*** Our
findings should therefore be interpreted as evidence of perceived, rather than demonstrated, learning benefits.

Fourth, although the NLP sentiment analysis performed well overall, its accuracy was imperfect, particularly for
comments framed as suggestions. Human raters themselves disagreed in several cases, reflecting the inherent subjectivity
of sentiment judgments. These limitations point to the need for cautious interpretation of automated sentiment outputs
and continued refinement of analytic approaches.

Finally, the questionnaire was developed specifically for this study and did not undergo formal psychometric
validation or reliability testing. Although the items were informed by prior literature and designed to capture relevant
aspects of student perceptions, the absence of formal validation may limit the precision of the measured constructs. In
addition, as the study was conducted within a single institution and specific curricular context, the findings should be
interpreted in light of this setting.

Implications and Future Directions

The findings of this study suggest that integrating PBL-informed medical cases into foundational science laboratories can
enhance first-year medical students’ engagement, satisfaction, and perceived understanding, regardless of prior exposure
to similar pedagogies. Embedding clinical context into basic science teaching may help students develop early habits of
clinical reasoning and see clearer connections between preclinical learning and future practice.

For educators and curriculum planners, the results highlight the importance of well-prepared facilitators who can
scaffold clinical reasoning and create an interactive, supportive environment. Tutor development initiatives that focus on
questioning strategies, feedback, and management of group dynamics may further enhance the impact of integrated
sessions. Time allocation and scheduling should also be reviewed to address concerns about time pressure and lab timing.
More broadly, structured case discussions embedded within basic science teaching may help learners connect biochem-
ical and molecular mechanisms with patient presentations.'> Facilitator-guided activities that encourage hypothesis
generation and discussion of underlying mechanisms may further support the development of integrative clinical
reasoning during the preclinical years.**

From a methodological perspective, the study illustrates the value of NLP and sentiment analysis for handling
extensive qualitative feedback. Because many sentiment algorithms operate through lexicon-based counts of positive and
negative terms, their performance can be improved by tuning to domain-specific corpora and by explicitly accounting for
patterns such as suggestions framed positively. Open-source tools are particularly amenable to such adaptation. In
contrast, proprietary “black box” systems, including some large language models, may provide useful outputs but are
more difficult to interpret, audit, or customize for local needs.

Future work could strengthen this analysis by using recent Al-based NLP approaches—from semantic and topic-
modelling methods to more advanced language models—to better capture context and nuance in learner text for
sentiment analysis.*> These approaches may cluster comments into thematic categories and complement our sentiment
analysis by highlighting specific aspects of the learning environment that drive positive or negative experiences.

Further research should also integrate objective measures of learning with student perceptions. Potential avenues
include linking exposure to integrated cases with performance on relevant exam questions, assessments of clinical
reasoning, or longitudinal measures of basic science retention. Mixed-methods designs could provide richer insight into
how and why early PBL-style integration in foundational courses influences learning trajectories.

Conclusions

Students reported high levels of satisfaction and positive perceptions of understanding, engagement, interactivity, and
clinical reasoning following the integration of concise PBL-style medical cases into first-year chemistry laboratories in
a traditional 6-year medical curriculum. These findings are descriptive and hypothesis-generating, suggesting that this
approach may represent a useful direction for further investigation. The innovation appeared acceptable to students
regardless of prior experience with integrated lab sessions, and negative perceptions were largely confined to logistical
challenges rather than the pedagogical approach itself.
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NLP-based sentiment analysis, supported by targeted human verification, offered an efficient means of summarizing
extensive free-text feedback and capturing nuanced aspects of students’ experience. While current tools have limitations,
particularly in interpreting suggestions and mixed sentiments, they provide a promising method for supporting ongoing
curricular evaluation and refinement.

Future studies should evaluate this intervention using controlled or comparative study designs to assess its impact on
objective indicators of learning, and to further develop analytic methods that integrate quantitative and qualitative data.

The methods and findings in this study are directly relevant to medical educators working within traditional curricula
and large student cohorts. The study demonstrates that brief, clinically oriented case integration can enhance engagement
and perceived relevance in foundational science laboratories without extensive curricular restructuring. In parallel, it
shows that Natural Language Processing—based sentiment analysis, when complemented by targeted human review, can
offer a scalable and timely approach to evaluating qualitative student feedback. Together, these insights support evidence-
informed curriculum design and provide educators with pragmatic tools for monitoring and refining educational
innovations. As medical education increasingly relies on large-scale learner feedback, scalable analytic approaches
such as NLP-based sentiment analysis may become valuable tools for systematically evaluating and refining educational
innovations.
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