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Abstract

Diagnostic accuracy is a core competency for all professional medical students, and multiple
educational strategies have been designed to strengthen clinical reasoning and diagnostic skills across
the curriculum. Evidence shows that simulation-based learning, problem-based learning (PBL),
case-based learning (CBL), and structured clinical discussions can each improve diagnostic
reasoning, though with differing strengths in knowledge application, teamwork, and transfer to real
practice,, — Simulation-based approaches provide safe, high-fidelity practice with measurable gains
in diagnostic reasoning factors, whereas PBL and CBL emphasize hypothesis generation, critical
thinking, and differential diagnosis formulation,,,. This review synthesizes current literature on these
methods, introduces DICL (discussion-integrated clinical learning) as an umbrella for highly
interactive case discussions, and compares outcomes across modalities using a summary table and
bar-graph illustration.

Keywords: diagnostic skills, medical students, simulation-based learning, problem-based learning,
case-based learning, clinical reasoning, experiential education, active learning

Introduction

Diagnostic error remains a major contributor to patient harm, making early development of robust
diagnostic skills a priority in undergraduate and postgraduate medical education,. Traditional
lecture-based teaching is often insufficient to train pattern recognition, hypothesis testing, and
decision-making under uncertainty, which are central to diagnostic reasoning,. Active and
experiential approaches—particularly simulation-based training, PBL, and CBL—have been
increasingly implemented to address this gap and are now embedded in many curricula worldwide,,
—. Recent work with screen-based and high-fidelity simulation has demonstrated significant
improvements in multiple diagnostic reasoning factors after structured interventions,. In parallel,
studies of PBL and case-based clinical discussions show enhanced clinical reasoning, critical
thinking, and sustained gains in knowledge application compared with more didactic formats,,,. This
article reviews how these methods affect diagnostic skills among medical students and offers a
comparative synthesis for educators, [HZBIHIBISI6IT]

Methods

A narrative review approach was used, focusing on studies that explicitly reported outcomes related
to diagnostic reasoning, diagnostic accuracy, or clinical reasoning skills in medical students. Reports
on simulation-based medical education (including screen-based and high-fidelity simulation), PBL
interventions, online and live case-based learning, and structured clinical case discussions were
included,,,, — DICL (discussion-integrated clinical learning) was operationally defined as highly
interactive, discussion-heavy case formats such as live clinical case discussions or clinicopathological

conference-style sessions,. For the comparative table and bar graph, effect directions and relative
magnitudes were synthesized qualitatively from published outcomes (knowledge application tests,
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fCal reasoning measures, and self-reported gains), and a simplified, hypothetical numeric scale
(0—100) was used to visualize relative impact across methods.

Results

Evidence for simulation-based learning

Simulation-based learning (SBL) includes high-fidelity manikins, standardized patients, and
screen-based virtual cases, all of which allow repetitive, guided practice in a safe environment,,. A
5-week screen-based simulation program for medical trainees reported significant increases in
multiple diagnostic reasoning factors, including data gathering, hypothesis generation, and
verification, compared with baseline. Broader reviews of simulation-based medical education show
improvements not only in procedural skills but also in clinical decision-making and diagnostic
performance, with many students reporting better integration of theoretical knowledge into clinical
scenarios,,. Simulation also enables structured feedback and debriefing that focus on cognitive errors
such as premature closure and failure to consider alternative diagnoses, which are key contributors to
diagnostic error in practice,, 121815

Evidence for PBL, CBL, and DICL

PBL organizes learning around authentic clinical problems that students analyze in small groups,
encouraging hypothesis generation, information seeking, and iterative refinement of a differential
diagnosis,,. Studies indicate that PBL significantly enhances higher-order competencies including
clinical reasoning, diagnostic thinking, and self-directed learning compared with traditional
lecture-based teaching,,. Case-based learning, including online CBL formats, has also been shown to
foster clinical reasoning by allowing students to list differential diagnoses, identify the most probable
diagnosis, and recognize risk factors in a structured manner. In one randomized trial of clinical case
discussions (a DICL-type approach), live case discussions produced the largest gains in clinical
reasoning as measured by knowledge application tests, with effects sustained at delayed post-test and
superior to paper-based cases,. These findings suggest that degree of interaction and collaborative
discussion is a critical determinant of diagnostic learning gains in case-oriented
formats BI4ILLIOL6NTI12]

Comparative synthesis of methods

Across the literature, all four methods—simulation-based learning, PBL, DICL-style case
discussions, and CBL—demonstrate positive impact on diagnostic skills, but with differing strengths
and implementation demands, —, —. Simulation tends to produce strong improvements in applied
diagnostic performance within realistic scenarios, especially when combined with structured
debriefing and repetition,,,. PBL is particularly effective at building analytical reasoning, self-directed
learning habits, and the ability to structure differential diagnoses, though its impact depends on
facilitation quality and curriculum integration,,,. DICL formats such as live case discussions appear
to optimize clinical reasoning gains when interaction is high, whereas more passive paper-case

formats deliver smaller benefits,. CBL—especially in online, interactive variants—offers flexible,
scalable reinforcement of diagnostic reasoning, but may be less effective for teaching urgency
recognition and hands-on decision-making without supplementary clinical or simulation
exposure.[1][2][3][4][8][11][9][S][6][7][12]

Table 1. Comparative summary of diagnostic-skills outcomes across methods

Method Typical format Strengths for Limitations /
and focus diagnostic skills considerations

Simulation-based  High-fidelity, Strong gains in applied Resource-intensive;

learning (SBL) standardized diagnostic reasoning, requires faculty training,
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patients,

screen-based virtual
scenarios 1, 12 151,

pattern recognition, and

management decisions
a1 2 81
b o .

equipment, and structured
debriefing.

Problem-based Small-group, Enhances critical Outcomes depend heavily
learning (PBL) student-led analysis thinking,  hypothesis on tutor skills; wvariable
of clinical problems generation, and alignment with
Bl 111 [6] differential ~ diagnosis assessments.
formulation 2, (61 12
DICL (live clinical Interactive clinical Highest gains in Requires experienced

discussions)

case discussions /
CCDs with peer
teaching 2!, 1,

knowledge application
and clinical reasoning,
sustained over time .,

facilitators; scalability may
be limited by group size.

Case-based
learning (CBL)

Structured cases
(face-to-face or
online) with guided
discussion & 7,

Improves listing of
differentials,
most-probable
diagnosis,
risk-factor
identification 4, 1.

and

Online CBL
underdevelop urgency
recognition; engagement
depends on facilitation 2.

may

To visually illustrate the synthesized relative impact of these methods on diagnostic skills, a
hypothetical bar graph (using a 0—100 scale) is presented below, with simulation-based learning
showing the highest average gains, followed by DICL, case-based learning, and PBL.
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The reviewed evidence indicates that active, learner-centered methods substantially enhance
diagnostic skills among medical students compared with traditional, didactic instruction.
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ation-based learning stands out for its capacity to closely approximate real clinical
environments, allowing students to practice data gathering, hypothesis generation, and
decision-making under pressure while receiving targeted feedback,,. These advantages are
particularly relevant for training non-technical cognitive skills and reducing cognitive biases that
contribute to diagnostic error. However, high infrastructure costs and faculty workload mean that
simulation is often best used in combination with lower-cost approaches rather than as a standalone
solution,.[1][2][8][5]

PBL, CBL, and DICL approaches complement simulation by building deep conceptual understanding
and flexible reasoning strategies through discussion and reflection. PBL is especially effective at
fostering self-directed learning and systematic diagnostic thinking, making it a strong foundation for
lifelong clinical reasoning,,. Case-based formats, including online CBL, provide scalable
opportunities to practice differential diagnosis and justification of clinical decisions, though they may
require careful design to adequately address urgency recognition and real-time decision-making,.
DICL-style live clinical case discussions seem to deliver particularly strong and durable gains in
clinical reasoning, highlighting the importance of interactivity, peer teaching, and authentic case
complexity,. For curriculum designers, a blended model that integrates PBL for conceptual
grounding, CBL/DICL for reasoning practice, and simulation for realistic application may offer the
most balanced pathway to robust diagnostic competency across all professional medical
students.[3][4][11][9][6][7]1[12]

Conclusion

Across all professional medical students, diagnostic skills are best developed through a deliberate
combination of simulation-based learning, PBL, DICL-style clinical discussions, and structured
case-based learning, rather than reliance on any single approach, —, —. Simulation offers powerful,
immersive practice in real-time diagnostic decision-making, while PBL and CBL cultivate the
analytical and reflective capacities needed for constructing and refining differential diagnoses. Highly
interactive clinical discussions amplify these benefits by promoting collaborative reasoning and
sustained gains in knowledge application. For modern curricula, strategically integrating these
complementary methods—aligned with assessment and supported by well-trained facilitators—can
create a robust, layered learning environment that prepares future clinicians to make accurate,
thoughtful, and safe diagnostic decisions in complex clinical settings.
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