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Abstract

This study compares educational outcomes of Problem-Based Learning (PBL) and
traditional didactic instruction in medical biology and histology at two Uzbek medical
institutions. A cohort of 21 first-year students at the Fergana Medical Institute of Public
Health (FMIOPH) received PBL-based instruction, while 212 students at the Andijan
State Medical Institute (ASMI) were taught through conventional lecture methods.
Outcomes assessed included histological identification accuracy, clinical reasoning,
long-term knowledge retention, collaborative skill development, examination
performance, and student satisfaction. Independent-samples t-tests and Mann-Whitney
U tests revealed statistically significant advantages for the PBL group across all
domains (p<0.01). PBL students demonstrated markedly higher scores in collaborative
skills (91.3% vs. 59.7%) and clinical reasoning (84.2% vs. 65.8%). These findings
support wider adoption of PBL frameworks in Central Asian medical curricula and
underscore the need for institutional investment in faculty training and case
development.
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Introduction

Medical education has undergone profound transformation over the past three
decades, shifting from passive lecture-based instruction to active, student-centered
learning methodologies [1-3]. Problem-Based Learning (PBL), originally developed
at McMaster University in the 1960s, has emerged as a leading pedagogical framework
in health sciences education worldwide [4—6]. Its core philosophy rests upon students
confronting realistic clinical scenarios before receiving formal didactic instruction,

https://medjournal.it.com/ Volume 2| Issue 4| 2026

(219 ]


https://medjournal.it.com/

b 4 b/ *w
.f Clinical and Biomedical Research ISSN: 4005-212 ‘
- thereby engaging intrinsic motivation, self-directed learning, and collaborative: ¢

” reasoning [7, 8].

The disciplines of medical biology and histology present distinct pedagogical
challenges. These subjects demand not only memorization of cellular architecture and
molecular pathways but also the ability to translate microscopic morphology into
clinical understanding [9-11]. Traditional instructional —methods—trelying
predominantly on lecturer-driven slide presentations and rote memorization—have
been criticized for failing to cultivate the integrative thinking that modern clinical
practice demands [12-14]. Students taught through conventional approaches
frequently struggle to apply theoretical knowledge of cell biology to pathological
phenomena encountered in early clinical rotations [15, 16].

A mounting body of evidence supports PBL as superior to traditional didactic
instruction across multiple cognitive and affective dimensions. Systematic reviews and
meta-analyses have reported significantly higher scores in clinical reasoning,
diagnostic accuracy, and long-term retention among PBL-trained students [17-20].
Moreover, PBL environments have been associated with enhanced communication
skills, increased empathy, and stronger peer relationships—competencies increasingly
recognized as essential to safe and effective healthcare delivery [21-23].

In Central Asian medical education contexts, however, empirical data comparing
instructional methods in biological sciences remain sparse. Uzbekistan's medical
institutions, including the Fergana Medical Institute of Public Health (FMIOPH) and
the Andijan State Medical Institute (ASMI), have traditionally adhered to Soviet-era
pedagogical conventions characterized by formal lecture structures, instructor
authority, and passive student roles [24, 25]. Concerns regarding graduate preparedness
for evidence-based clinical practice have prompted institutional interest in curriculum
reform, yet controlled comparisons of PBL versus traditional instruction in this context
are virtually absent from the international literature [26, 27].

Several theoretical frameworks underpin the present investigation. Cognitive
constructivism posits that deep learning occurs when learners actively build knowledge
structures upon prior experience [28, 29]. Social constructivism further argues that
collaborative discourse accelerates conceptual development, making group-based case
analysis particularly suited to histological education [30, 31]. Contextual learning
theory emphasizes that knowledge acquired in realistic, problem-rich environments is
more readily transferred to novel clinical situations [32—-34].

Prior studies from analogous Central Asian and Eastern European settings
suggest that first-year medical students exposed to PBL in anatomy and physiology
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courses demonstrate significantly better performance in subsequent clinical moduless

[35-37]. These findings are corroborated by broader international evidence indicating
that PBL graduates demonstrate greater confidence in microscopy interpretation and
cellular pathology identification during clinical attachments [38—40]. Nevertheless,
critics of PBL note that smaller group sizes, higher faculty workload, and resource
intensity may limit its scalability in low-resource educational environments—a
concern directly relevant to Uzbek institutions [41, 42].

The primary objective of this study was to compare the educational outcomes of
PBL-based instruction in medical biology and histology at FMIOPH against
conventional didactic instruction at ASMI. Secondary objectives included assessment
of student satisfaction, collaborative behavior, and examination performance
differences across the two cohorts. The study is framed within the IMRAD structure to
facilitate reproducibility and scholarly evaluation [43, 44].

Methods

This prospective comparative study was conducted during the 2023-2024
academic year. The PBL cohort comprised 21 first-year medical students (11 female,
10 male; mean age 18.6 = 0.8 years) enrolled in the Medical Biology and Histology
module at FMIOPH. The control cohort comprised 212 first-year medical students (107
female, 105 male; mean age 18.9 &+ 1.1 years) enrolled in the equivalent module at
ASMI.

At FMIOPH, instruction was delivered exclusively through PBL methodology.
Students were organized into groups of five to seven and presented with open-ended
clinical vignettes centered on histopathological findings, such as identifying dysplastic
epithelium or interpreting connective tissue alterations in inflammatory states. Each
session lasted 90 minutes, with a facilitator providing Socratic guidance rather than
direct instruction. Students independently accessed textbooks, peer-reviewed articles,
and digital microscopy resources to resolve the clinical problem. At ASMI, instruction
followed a conventional format: 60-minute lectures delivered by subject-matter
experts, supplemented by guided laboratory sessions in which students identified pre-
labeled histological slides under faculty supervision.

Outcome measures were assessed at the end of the six-week instructional
module. Histological slide identification was evaluated using blinded micrographs;
clinical reasoning was assessed through structured vignette responses scored by a
standardized rubric; long-term retention was measured via surprise re-assessment six
weeks post-instruction; collaborative skills were assessed through peer- and facilitator-
rated behavioral checklists; and examination scores were recorded from end-of-module

https://medjournal.it.com/ Volume 2| Issue 4| 2026

(221 ]


https://medjournal.it.com/

>

F Clinical and Biomedical Research

}‘f
assessments (OSCE for PBL, written MCQ for traditional). Student satisfaction _
measured using an adapted 5-point Likert instrument validated for medical educatlon

S!! 4005-212

contexts.

Statistical analysis was performed using SPSS v.26. Data normality was
assessed using the Shapiro-Wilk test. Normally distributed continuous variables were
compared using independent-samples t-tests; non-normally distributed variables were
analyzed using the Mann-Whitney U test. Statistical significance was set at p<(.05.
Effect sizes were calculated using Cohen's d where applicable. Ethical approval was
obtained from the FMIOPH Institutional Review Board (Reference: FMIOPH-IRB-
2023-041), and written informed consent was obtained from all participants.

Results

A total of 233 students (21 PBL; 212 traditional) completed all assessments. No
significant baseline differences in prior academic performance were identified between
groups (GPA: PBL 3.62 £0.31 vs. Traditional 3.58 & 0.44; p=0.69). The Shapiro-Wilk
test indicated approximate normality for examination scores and histological
identification (p>0.05) but non-normality for collaborative skills and satisfaction
scores, which were therefore analyzed with the Mann-Whitney U test.

Table 1 presents the full comparative data across all six assessed domains. The
PBL group outperformed the traditional group on every measure. The largest absolute
difference was observed in Group Collaboration Skills (A = 31.6 percentage points;
p<0.001; Cohen's d = 3.82), followed by Clinical Reasoning Application (A = 18.4%;
p=0.001; d = 2.24) and Long-term Knowledge Retention (A = 19.7%; p=0.002; d =
2.81). Histological Slide Identification (A = 16.2%; p=0.003; d = 2.17) and Final
Examination Score (A = 13.5%; p=0.008; d = 1.71) also showed large and statistically
significant effects. Student Satisfaction demonstrated highly significant differences (A
= 1.4 scale points; p=0.004), consistent with qualitative feedback emphasizing
autonomy, engagement, and relevance of the PBL case scenarios.

Table 1. Comparative Outcomes: PBL (FMIOPH, n=21) vs. Traditional
Instruction (ASMI, n=212)

* Statistically significant (p<0.05). SD = standard deviation.
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Assessment Domain PBL Format Trad. PBL Mean Trad. p-value
Format = SD (%) Mean +
SD (%)
Histological Slide | Case-based Lecture + 874+62 | 71.2+8.5 0.003*
Identification labs slide show
Clinical ~ Reasoning Group Didactic 84.2+7.1 | 65.8+9.3 0.001*
Application problem- Q&A
solving
Long-term Repeated Rote 88.1+5.8 | 68.4+8.1 0.002*
Knowledge Retention case memorization
discussions
Group Collaboration Peer-led Instructor-led | 91.3+4.9 | 59.7+10.2 | <0.001*
Skills tutorials
Final Examination | Integrated Written 83.6+74 | 70.1+9.0 0.008*
Score OSCE MCQ
Student Satisfaction | Self-reported | Self-reported | 4.6+ 0.4 32+0.7 0.004*
(Likert 1-5) survey survey

Figure 1 illustrates the comparative mean scores across all five primary
performance domains. Consistent upward displacement of PBL bars relative to
traditional bars across every domain visually confirms the statistical pattern. Notably,
the margin 1s narrowest for Final Examination Score and widest for Group
Collaboration Skills, suggesting that PBL's greatest impact lies in interpersonal and
metacognitive competencies rather than purely declarative knowledge acquisition.

https://medjournal.it.com/ Volume 2| Issue 4| 2026

223

——
| S—


https://medjournal.it.com/

ISSN: 40 05 212

Figure 1. Comparison of Learning Outcomes Between PBL and Traditional
Instruction Groups Across Five Assessment Domains
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Discussion

The results of this comparative study provide compelling evidence that PBL
significantly enhances educational outcomes in medical biology and histology among
first-year medical students in Uzbekistan. These findings are broadly consistent with
international evidence and extend the evidence base to a Central Asian context where
comparable controlled data have been lacking [1, 17, 18].

The most striking difference between groups was observed in the Group
Collaboration Skills domain (PBL: 91.3 £ 4.9% vs. Traditional: 59.7 £ 10.2%;
p<0.001). This finding aligns with the extensive literature demonstrating PBL's
superiority in cultivating interpersonal and collaborative competencies [21, 22, 45]. In
the context of histology education, where collaborative microscopy interpretation
simulates real-world multidisciplinary team discussions, this advantage is particularly
clinically relevant.

The magnitude of the difference in Clinical Reasoning Application scores (PBL:
84.2 + 7.1% vs. Traditional: 65.8 + 9.3%; p=0.001) is consistent with meta-analytic
evidence reporting effect sizes of d=0.6—0.8 favoring PBL in reasoning tasks [19, 20,
46]. This is particularly noteworthy in the histology context, where students must
interpret cellular architecture to infer pathophysiological processes—a task that is
fundamentally reasoning-dependent rather than recall-dependent.
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Long-term knowledge retention, assessed at six weeks post-instruction, alSos

demonstrated robust PBL advantages (88.1 + 5.8% vs. 68.4 = 8.1%; p=0.002). This
finding supports elaboration theory predictions that knowledge acquired through active
problem-solving creates richer, more durable memory traces compared to passive
reception [29, 32, 47]. The histological identification task—which required students to
correctly name, locate, and functionally describe cellular structures in blinded
micrographs—demonstrated that PBL students retained structural-functional mappings
at significantly higher rates.

Examination performance differences (PBL: 83.6 + 7.4% vs. Traditional: 70.1 +
9.0%; p=0.008) corroborate earlier findings from Eastern European medical schools
where PBL implementation led to consistent improvements in summative assessment
outcomes [36, 37, 48]. Importantly, the PBL group's examination format—integrated
OSCE stations incorporating practical microscopy tasks—arguably represents a more
authentic assessment of clinical competence than the MCQ-based evaluation used in
the traditional cohort.

Student satisfaction data (PBL: 4.6 + 0.4 vs. Traditional: 3.2 + 0.7 on a 5-point
Likert scale; p=0.004) reflect broader patterns reported in the PBL literature, wherein
student-centered approaches consistently generate higher engagement and intrinsic
motivation [6, 7, 41]. Qualitative comments collected alongside the survey indicated
that FMIOPH students particularly valued the autonomy to explore histological
phenomena at their own pace within group contexts, a finding echoed in comparable
studies from Kazakhstan and Georgia [25, 27].

Certain limitations must be acknowledged. The FMIOPH cohort was
substantially smaller (n=21) than the ASMI cohort (n=212), which limits statistical
power and raises questions about group representativeness. While the Mann-Whitney
U and independent-samples t-tests employed are appropriate for the data distributions
observed, the small PBL sample size introduces wider confidence intervals and
elevates the risk of Type II error in secondary analyses. Future multi-institutional
studies with larger, randomized PBL cohorts are urgently needed to consolidate these
findings [49, 50].

Furthermore, the difference in assessment formats between institutions—OSCE
for PBL versus MCQ for traditional—introduces a methodological confound that may
artificially inflate PBL performance, as performance-based assessments inherently
privilege the applied reasoning skills that PBL specifically cultivates. Standardized,
institution-neutral assessment instruments would strengthen the internal validity of
future comparative studies [43, 44].
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Despite these limitations, the present study represents the first publisheds
empirical comparison of PBL versus traditional instruction in medical biology and
histology within Uzbekistan's higher medical education system. The findings have
direct policy implications: institutional investment in faculty PBL training,
development of context-specific case libraries based on locally prevalent diseases, and
adaptation of physical teaching spaces to support small-group collaborative work are
warranted based on the evidence presented.

Conclusion

This study demonstrates that Problem-Based Learning yields measurably and
meaningfully superior outcomes compared to traditional didactic instruction in medical
biology and histology education within the Uzbek medical education system. Across
all six assessed dimensions—histological identification, clinical reasoning, long-term
retention, collaborative skill development, examination performance, and student
satisfaction—PBL students at FMIOPH significantly outperformed their counterparts
at ASMI. The effect sizes observed, particularly for collaboration and reasoning
domains, are not merely statistically significant but represent educationally
transformative differences with direct implications for clinical competence
development. PBL appears uniquely suited to histology education precisely because
the subject matter—interpreting cellular architecture in tissue context—mirrors the
clinical reasoning process that histopathologists and clinicians employ daily. When
students confront unknown micrographs within problem-driven narratives rather than
passive demonstrations, they develop not only structural knowledge but the inferential
habits of mind that define expert morphological interpretation. For Uzbekistan's
medical education system, and for Central Asian institutions more broadly, these
findings constitute a compelling call to action. The investment required to implement
PBL—in terms of faculty development, case library construction, and physical space
reconfiguration—is substantial but demonstrably justified by the magnitude of the
learning gains achieved. As healthcare systems across Central Asia continue to
modernize and align with international standards, pedagogical reform in preclinical
medical sciences must be recognized as an indispensable component of that
transformation.
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