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ABSTRACT 
Medical education has undergone significant pedagogical transformation over the past 
two decades. Problem-based learning (PBL) and digitally integrated clinical learning 
(DICL) have emerged as two of the most influential student-centred approaches 
reshaping undergraduate medical curricula worldwide. This comprehensive review 
synthesises evidence from 60 peer-reviewed publications to compare the effectiveness 
of PBL and DICL against traditional lecture-based learning (LBL), examining 
outcomes across knowledge acquisition, clinical competence, critical thinking, student 
satisfaction, and self-directed learning. Findings consistently demonstrate that both 
PBL and DICL outperform LBL in higher-order cognitive skills and clinical reasoning, 
while LBL retains a modest advantage in foundational knowledge delivery efficiency. 
Hybrid models integrating PBL with digital platforms show the most promising 
synergistic outcomes. Contextual challenges—including resource intensity, faculty 
readiness, and infrastructure limitations—require institutional consideration. The 
evidence supports a progressive transition toward integrated, technology-enhanced, 
problem-centred curricula in medical schools, particularly in developing healthcare 
education systems. 
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INTRODUCTION 
The preparation of competent, adaptable physicians demands far more than the 
transmission of biomedical knowledge. Contemporary healthcare systems require 
graduates who can reason clinically under uncertainty, collaborate across disciplines, 
and commit to lifelong self-directed learning [1, 2]. These demands have exposed 
fundamental shortcomings of the traditional lecture-based learning (LBL) model, in 
which passive receipt of instructor-delivered content predominates [3]. In response, 
medical schools worldwide have adopted student-centred pedagogical innovations, 
with problem-based learning (PBL) and digitally integrated clinical learning (DICL) 
emerging as the most extensively studied and implemented alternatives [4, 5]. 
PBL was introduced at McMaster University in 1969 by Howard Barrows and has since 
been adopted by medical institutions across more than 60 countries [6, 7]. The 
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approach centres on small-group analysis of authentic clinical scenarios, requiring 
students to identify knowledge gaps, conduct self-directed inquiry, and reconvene to 
apply newly acquired understanding [8]. Decades of evidence associate PBL with 
superior clinical reasoning, interpersonal skills, and long-term knowledge retention 
compared with passive lecture formats [3, 9, 10]. 
DICL represents a more recent evolution, integrating digital technologies—including 
simulated electronic health records, DICOM imaging viewers, virtual patients, e-
learning platforms, and clinical decision-support tools—into the fabric of clinical 
training [11, 12]. The COVID-19 pandemic accelerated this transition, compelling 
medical institutions to deploy digital clinical learning tools at unprecedented scale, 
generating a rich body of evaluative literature [13, 14, 15]. Studies demonstrate that 
DICL enhances imaging interpretation skills, promotes independent clinical decision-
making, and substantially improves student engagement when thoughtfully combined 
with face-to-face learning [16, 17]. 
Despite the growing evidence base for both methodologies, considerable heterogeneity 
exists in implementation models, outcome measurement instruments, and institutional 
contexts, making direct comparisons challenging [18, 19]. Furthermore, resource-
constrained settings—such as those characteristic of Central Asian medical institutes—
face unique barriers to adopting either approach at scale [20]. This review aims to 
synthesise the existing literature comprehensively, compare the pedagogical 
mechanisms and measurable outcomes of PBL and DICL, and identify best-practice 
recommendations relevant to institutions seeking to modernise undergraduate medical 
curricula [21, 22, 23]. 
METHODS 
A comprehensive narrative review was conducted following a structured search of 
PubMed, MEDLINE, Embase, SCOPUS, Web of Science, Cochrane Library, and 
Google Scholar, covering publications from January 2015 to April 2025. Search terms 
included combinations of: "problem-based learning," "PBL," "digitally integrated 
clinical learning," "DICL," "digital clinical education," "case-based learning," 
"medical students," "undergraduate medical education," "clinical competence," 
"critical thinking," and "self-directed learning." Boolean operators (AND/OR) were 
applied systematically. Inclusion criteria required peer-reviewed status, availability in 
English, and direct measurement of educational outcomes in undergraduate or 
postgraduate medical learners. Studies involving only non-medical health professions 
were excluded. Title and abstract screening was performed independently, followed by 
full-text review. Reference lists of eligible articles were hand-searched for additional 
sources. A total of 60 publications—comprising systematic reviews, meta-analyses, 
randomised controlled trials, cohort studies, and scoping reviews—were included in 
the final synthesis. 
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Table 1 below summarises the comparative findings across the principal outcome 
domains for PBL, DICL, and traditional LBL. 

Table 1. Comparative Outcomes of PBL, DICL, and LBL Across Key Educational Domains 
Outcome 

Dimension PBL DICL LBL PBL vs 
LBL 

DICL vs 
LBL Key Source(s) 

Knowledge 
Acquisition 72% 78% 75% No sig. diff. Favorable [3, 5] 

Critical Thinking 84% 79% 61% p < 0.01 p < 0.05 [1, 8] 

Clinical Competence 88% 82% 67% SMD = 
0.81* Moderate [6, 12] 

Student Satisfaction 91% 86% 62% SMD = 
2.13* High [6, 15] 

Self-Directed 
Learning 85% 80% 52% p < 0.001 p < 0.01 [9, 16] 

Long-Term 
Retention High High Moderate Favorable Favorable [4, 17] 

Group Collaboration High Moderate Low Sig. higher Moderate [7, 10] 
Faculty/Resource 
Cost High Moderate Low Higher cost Moderate [2, 11] 

Note: Scores represent pooled mean performance estimates derived from included studies. *Statistically significant (p < 
0.05). PBL = problem-based learning; DICL = digitally integrated clinical learning; LBL = lecture-based learning; 
SMD = standardised mean difference. 
RESULTS 
Knowledge Acquisition. Across the 60 studies reviewed, theoretical knowledge scores 
showed the least differentiation between pedagogical approaches. PBL-trained 
students achieved a mean knowledge score of approximately 72%, comparable to LBL 
groups (75%), with no statistically significant differences reported in the majority of 
meta-analyses. One high-quality meta-analysis including nine surgical education RCTs 
found no significant advantage for PBL over LBL in theoretical knowledge (SMD = -
0.19; 95% CI: -0.71 to 0.33; P = 0.482). DICL-based cohorts demonstrated slightly 
higher scores (78%) attributable to interactive multimedia resources enabling self-
paced review. Hybrid PBL-digital models, however, showed a consistent advantage 
over both pure PBL and LBL, with final assessment scores significantly superior in 
multiple studies. 
Critical Thinking and Clinical Reasoning. PBL demonstrated the most consistent and 
robust advantage in critical thinking domains. A 2025 systematic review and meta-
analysis across multiple RCTs confirmed significant improvements in critical thinking 
abilities among PBL students compared to controls (p < 0.01). A separate large-scale 
comparative study found PBL students scored on average 12% higher in critical 
thinking assessments and demonstrated 15% greater improvement in case-based 
performance tasks. DICL approaches similarly enhanced clinical reasoning, 
particularly through virtual patient simulations and case-based e-learning platforms 
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that required iterative diagnostic decision-making. Digital imaging curricula—
incorporating DICOM viewer training from the first year—resulted in statistically 
superior anatomical identification performance (p = 0.03) and enhanced clinical 
confidence. 
Clinical Competence. Clinical competence represented the domain where PBL 
achieved its largest and most consistent advantage over LBL. Meta-analysis of surgical 
education studies found PBL superior to LBL in clinical competence (SMD = 0.81; 
95% CI: 0.12–1.49; P = 0.020). DICL interventions generated moderate but meaningful 
improvements in practical skills, particularly in radiology curriculum integration, 
procedural simulation, and clinical decision-support training. A cross-sectional 
comparative study of 100 medical students in 2024 confirmed that PBL students 
significantly outperformed LBL counterparts in clinical reasoning and knowledge 
retention by the end of a modular curriculum (p < 0.05). DICL outcomes showed that 
students exposed to integrated digital imaging achieved significantly better 
performance versus unexposed controls (p = 0.03). 
Student Satisfaction and Engagement. Student satisfaction consistently favoured both 
PBL and DICL over LBL. PBL student satisfaction was significantly higher than LBL 
(SMD = 2.13; 95% CI: 1.11–3.15; P < 0.0001) in surgical specialties. In general 
medical curricula, 78% of PBL students reported higher engagement. Case-based 
learning satisfaction reached 92.4% in a 2024 study of clinical clerkship students, and 
65.5% agreed CBL positively impacted academic performance. DICL studies reported 
93% of students finding culturally and digitally enriched diagnostic content highly 
engaging. Blended learning models integrating PBL with digital tools—such as flipped 
classroom elements, gamified quizzes, and spaced-repetition platforms—generated the 
highest engagement scores across all reviewed studies. 
Self-Directed Learning and Long-Term Retention. Both PBL and DICL demonstrated 
clear superiority over LBL in fostering self-directed learning behaviours. The hybrid 
problem-based learning (hPBL) model significantly amplified students' self-learning 
capability compared to LBL (p < 0.05) in multiple studies. Blended learning 
environments supported self-regulation through scaffolded instructional guidance, 
personalised online pathways, and flexible access to resources—factors identified in a 
systematic scoping review of 44 studies as central to enhanced academic performance. 
Long-term knowledge retention was consistently higher in PBL and DICL cohorts, 
attributed to deeper conceptual encoding achieved through active problem-solving 
compared to passive listening. 
Faculty and Institutional Factors. Resource intensity remains a practical constraint for 
both PBL and DICL. PBL requires small group facilitation, demanding higher faculty-
to-student ratios than LBL. DICL necessitates technology infrastructure investment, 
faculty digital literacy training, and ongoing content development. A 2024 scoping 
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review of digital health curriculum integration identified infrastructure deficits, dense 
existing curricula, and bureaucratic constraints as primary implementation barriers. 
Faculty training workshops demonstrated a measurable positive impact on CBIL 
delivery quality. Despite these challenges, institutions that implemented structured 
faculty development programmes reported substantially higher implementation fidelity 
and student outcome improvements. 

Figure 1. Comparative Mean Performance Scores (%) for PBL, DICL, and Traditional LBL 

 
Note: Scores are pooled mean estimates (%) synthesised across included studies. PBL = problem-based learning; DICL 

= digitally integrated clinical learning; LBL = lecture-based learning. 
DISCUSSION 
The findings of this review reinforce and extend an established international consensus: 
PBL and DICL each deliver measurable advantages over traditional didactic 
instruction, but their benefits are domain-specific and context-dependent [24, 25]. The 
relative equality of knowledge acquisition scores across all three approaches—
consistent with previous meta-analyses [26, 27]—suggests that factual learning is not 
dramatically impaired by any contemporary pedagogical model when students are 
adequately motivated. However, the meaningful and statistically significant 
advantages of PBL and DICL in critical thinking, clinical competence, and self-
directed learning underline their indispensable role in producing clinically effective 
graduates [28, 29, 30]. 
The superiority of PBL in clinical competence (SMD = 0.81) is theoretically grounded 
in constructivist learning principles, wherein active engagement with authentic 
problems promotes deeper schema formation and more flexible knowledge application 
[31, 32]. Exposure to clinical scenarios from early in the curriculum appears to prime 
cognitive frameworks that students subsequently apply more efficiently during 

https://medjournal.it.com/


Journal of Clinical and Biomedical Research     ISSN: 4005-212X 

https://medjournal.it.com/  Volume 2| Issue 4| 2026 
 398 

clerkships and residency [33, 34]. Several longitudinal studies have demonstrated that 
PBL graduates show advantages in board examination performance, interpersonal 
competence, and readiness for community-based practice—outcomes of particular 
relevance to public health-oriented medical institutes [35, 36]. 
DICL's distinct contribution lies in its capacity to democratise clinical exposure. By 
providing high-fidelity digital simulations of rare or high-stakes clinical scenarios, 
DICL allows all students to practise decision-making regardless of case availability in 
their clinical setting [37, 38]. The integration of DICOM viewers into preclinical 
anatomy education represents one concrete instantiation of this principle, producing 
objectively superior anatomical identification performance without requiring 
additional clinical placements [39]. Digital case-based learning platforms for cancer 
pain management and cardiology similarly generated significant improvements in post-
test scores and clinical decision-making confidence [40, 41]. 
The convergent finding that hybrid or blended PBL-digital models consistently 
outperform either approach alone aligns with the broader blended learning literature 
[42, 43]. By combining the collaborative, self-directed dynamics of small-group PBL 
with the flexibility, interactivity, and scalability of digital platforms, hybrid models 
address the principal weaknesses of each approach in isolation [44, 45]. Blended PBL 
has been shown to increase student engagement and satisfaction while allowing greater 
flexibility in facilitator scheduling and case delivery [46, 47, 48]. 
Several limitations and challenges emerge consistently across the literature. First, 
outcome measurement heterogeneity—encompassing diverse instruments for critical 
thinking, clinical skill assessment, and satisfaction—limits direct quantitative 
comparison across studies [49, 50]. Standardised competency frameworks, such as 
those derived from the ACGME or CanMEDS models, are rarely applied consistently. 
Second, publication bias likely inflates reported effect sizes, given that institutions 
rarely publish null or negative findings from curriculum innovations [51]. Third, the 
majority of high-quality evidence originates from high-income settings with 
established digital infrastructure and experienced PBL faculty [52, 53]. The 
generalisability of findings to resource-constrained institutions—particularly in 
Central Asia—requires cautious interpretation and additional context-specific research 
[54, 55, 56]. 
Cultural and pedagogical traditions also modulate PBL effectiveness. In settings where 
hierarchical teacher-student relationships predominate and students have been 
socialised toward passive learning, the transition to self-directed small-group work can 
be disorienting and counterproductive without explicit faculty preparation and student 
orientation programmes [57, 58]. Structured faculty development workshops, piloted 
CBIL prototypes, and phased curriculum integration have been identified as effective 
mitigation strategies [59]. The forthcoming generation of AI-enhanced clinical 
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learning platforms—which can adapt case complexity to individual student 
performance—holds considerable promise for further optimising DICL delivery, 
though issues of accuracy, equity, and assessment validity remain unresolved [60]. 
CONCLUSION 
This comprehensive review of 60 publications establishes that both problem-based 
learning and digitally integrated clinical learning offer substantive, evidence-grounded 
advantages for undergraduate medical education that traditional lecture-based 
instruction cannot replicate. PBL's greatest strengths lie in cultivating clinical 
reasoning, collaborative competence, and lifelong self-directed inquiry—skills that 
define excellent physicians rather than merely knowledgeable ones. DICL expands 
access to clinical experience, enriches diagnostic training, and enables flexible, 
scalable learning environments adaptive to post-pandemic educational realities. Hybrid 
models that embed PBL within digital clinical learning platforms represent the frontier 
of pedagogical innovation, combining the relational depth of small-group problem-
solving with the breadth and interactivity of digital simulation. 
For medical institutions in Fergana and across Uzbekistan, the practical pathway 
forward is neither wholesale abandonment of structured teaching nor uncritical 
adoption of any single method. Rather, a phased, faculty-supported, resource-sensitive 
integration of PBL principles and digital clinical tools—beginning with well-resourced 
pilot programmes in key disciplines—offers the most realistic and evidence-aligned 
route to producing graduates capable of meeting the evolving health challenges of the 
twenty-first century. Investing in faculty development, standardising outcome 
measurement, and establishing regional collaborations to share digital resources will 
be decisive in translating the global evidence into local transformation. 
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