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Background: Emergency department (ED) internships are essential for developing core clinical competencies in medical students.
This study evaluates the weekly progression of key competencies during a structured three-week ED internship and examines the
impact of extending the program from two to three weeks. Additionally, it considers how such training supports students’ readiness for
multidisciplinary, team-based healthcare environments.

Methods: This retrospective longitudinal study analyzed a total of 2068 workplace-based assessment (WBA) forms collected from
June 2018 to May 2020. Each WBA evaluated ten key clinical competencies: learning attitude, history taking, clinical judgment,
medical knowledge, prescription, communication, patient education, literature appraisal, oral presentation, and documentation.
A subgroup of 133 medical students who completed the full three-week internship with complete WBA records was included in the
longitudinal analysis. Generalized Estimating Equations (GEE) modeling assessed performance trends and inter-cohort differences
between 2018 and 2019.

Results: Significant improvements were observed across all competencies, with the most notable gains in history taking, clinical
judgment, communication, prescription, and documentation. Learning attitude scores increased from 4.46 (SD = 0.66) in Week 1 to
4.58 (SD = 0.58) in Week 3. Prescription and documentation improved from 3.85 and 4.17 to 4.06 and 4.32, respectively. GEE analysis
confirmed significant performance gains by Week 3 (p = 0.0064). Students in 2019 outperformed those in 2018 (p = 0.0318),
suggesting that curriculum refinements enhanced educational outcomes.

Conclusion: A structured three-week ED internship significantly enhances medical students’ clinical competencies, particularly in
areas fundamental to multidisciplinary care such as communication, clinical judgment, and documentation. The extended duration
promotes deeper clinical immersion and fosters skill reinforcement through real-time feedback and collaborative practice. These
findings underscore the importance of sustained, structured clinical experiences in preparing students to function effectively within
interdisciplinary healthcare teams. Further research should investigate optimal training durations and integrative teaching strategies to
support competency-based, team-oriented medical education.

Keywords: clinical competency progression, emergency training, medical internships, diagnostic reasoning, multidisciplinary care,
medical education

Background
Emergency medicine (EM) offers a distinctive and dynamic learning environment for undergraduate medical students, providing

opportunities to gain hands-on experience in managing acute and often life-threatening conditions. In this high-pressure setting,
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students are expected to assess and treat patients with undifferentiated complaints under the guidance of experienced physicians.
Recognizing the increasing complexity of emergency care, the Josiah Macy Jr. Foundation’s 1994 report emphasized the
necessity for medical trainees to acquire comprehensive clinical competencies across multiple disciplines.' Furthermore,
emergency medicine encompasses skill sets and knowledge areas that are frequently underrepresented in traditional under-
graduate medical curricula, prompting EM educators to advocate for greater integration of EM training into the core curriculum.”

On June 6, 2016, the Ministry of Education in Taiwan released the New Guidelines for Clinical Practice of Medical
Students in Schools of Medicine, mandating a transition from a seven-year to a six-year medical education program. This
change applied to students admitted into traditional programs starting from the 2013 academic year and to post-
baccalaureate medical students beginning in 2015.° Under the revised curriculum, the fifth and sixth years are designated
for intensive clinical clerkships, placing greater emphasis on experiential learning and direct patient care. Compared to
the previous model that relied heavily on classroom-based instruction, the new framework aims to cultivate core clinical
competencies by immersing students in real-world healthcare settings. This shift is intended to better prepare future
physicians for collaborative, multidisciplinary healthcare environments.

Based on the Guidelines for Undergraduate Education in Emergency Medicine by the American College of
Emergency Physicians (ACEP), medical students should develop key clinical competencies to recognize and manage
urgent and emergent conditions.® These include focused history-taking, physical examination, diagnostic reasoning,
critical thinking, teamwork, and basic procedural skills. ACEP emphasizes that these core skills should be fostered
through structured clinical exposure in emergency departments and integrated throughout the preclinical and clinical
years, regardless of a student’s future specialty. These core skills, also recognized as milestones, were required to be
assessed for fourth-year medical student performance by the completion of their EM clerkships.” Such mandatory EM
clerkship were proved to increase medical students’ perceived self-efficacy.® In Taiwan, the Assessment Standards for
Clinical Skills of Medical Students in Six-Year Medical Programs, revised by the Taiwan Medical Accreditation Council
(TMAC) in 2019, outlines 80 required competencies for graduation.” Of these, 11 are particularly well-suited for training
in emergency medicine, such as triage, basic and advanced life support, airway management, communication, prescrip-
tion writing, patient education, literature appraisal, presentation, and documentation. These competencies align with
ACEP’s framework, highlighting emergency medicine as a vital environment for developing essential clinical skills in
line with both national and international standards.

In alignment with this reform, the ED clerkship was significantly restructured.'® Table 1 compares the former two-
week and the new three-week program for sixth-year medical students. The updated curriculum integrates didactic
teaching, procedural workshops, simulations, and expanded clinical rotations. Twenty-three hours are now dedicated to
hands-on training in triage, BLS, ALS, PLS, communication, and intoxication management—shifting from a lecture-
heavy model to one emphasizing interactive, skill-based learning. A major improvement is the 99 hours of clinical
rotations across day, evening, and night shifts, offering broader exposure to emergency care scenarios. Previously,
students had only 6 hours of day-shift experience, limiting their understanding of ED operations. Evaluation methods
have also evolved to support a more competency-based approach. In the new program, 40% of the grade comes from
clinical performance, 30% from skills assessments (eg, BLS, PLS, simulations), 20% from written exams, and 10% from
oral presentations—ensuring a balanced assessment of knowledge, practical ability, and communication. The revised
structure thus reflects a deliberate shift in pedagogical priorities: from task-specific competency toward integrated clinical
capability, aimed at producing well-rounded, adaptable physicians who can function effectively in high-stakes, time-
sensitive environments like the ED.

Within this revised training and assessment context, the cultivation of clinical reasoning has emerged as a central yet
challenging educational goal. Clinical reasoning is broadly defined as “a process that operates toward the purpose of
arriving at a diagnosis, treatment, and/or management plan”.'" Mastery of clinical reasoning is essential for under-
graduate medical students, as it reduces diagnostic errors, promotes effective decision-making, and ultimately enhances
patient safety—particularly in emergency care where time and clarity are critical.'*'> The unpredictable, high-acuity
environment of the ED—characterized by diverse patient presentations, shifting priorities, and limited information—

offers a powerful setting for trainees to develop these diagnostic competencies under real-time pressure.
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Table 1 Comparison of ED Rotation Courses — Current Three-week vs Previous Two-week Clerkship Training

Components Characteristics Current ED Previous ED
Three-Week Two-Week
Course Course
Didactic and practical sessions (hours)
Faculty orientation Overview | |
Triage training Clinical clerkship practice 8 3
Basic life support (BLS) Procedural workshop 2 1.5
Advanced life support (ALS) Procedural workshop 2 2.5
Pediatric life support (PLS) Procedural workshop 2 1.5
Communication skills Case-based discussion 2 1.5
Intoxication management Didactic lecture | 1.5
EMS and disaster medicine Didactic lecture | 1.5
Simulation training Simulation-based learning 3 3
Student case presentations Case-based discussion 3 2.5
Additional didactic lectures* Theoretical knowledge sessions - 16.5
Additional procedural workshops” Advanced clinical skills training - 2
Total 23 37
Clinical rotations (hours)
Day shift 8:00 AM — 5:00 PM 54 6
Evening shift 5:00 PM — 10:00 PM 15 -
Night shift 10:00 PM — 8:00 AM 30 -
Total 99 6
Assessments and evaluation (%)
Clinical performance Direct patient care and case management 40 10
BLS, PLS, and simulation skills Practical skills evaluation 30 40
Written examination Knowledge-based assessment 20 30
Oral presentation Communication and presentation skills 10 20

Notes: *Additional didactic lectures (16.5 hours total): cover topics such as history of emergency medicine and ed management (I.5), evaluation of
shortness of breath (2), evaluation of chest pain (2), ambulance introduction (1.5), wilderness medicine and environmental emergencies (1.5), evaluation
and management of trauma (), international humanitarian action (1.5), common infectious disease notification (1.5), public health crisis and medical
care (1.5), emergency services for victims of sexual assault and domestic violence (1.5), and emergency operation center and disaster medical assistance
team (1). *Additional Procedural workshops (2 hours total): focus on personal protective equipment (PPE) and decontamination (1) and medical care of
radiation injury (I).

Despite the growing emphasis on experiential learning and competency-based education, limited research has investigated
how medical students’ clinical competencies evolve within a structured emergency medicine clerkship—particularly in light
of curricular reforms such as extended training duration. To address this gap, the present study aims to evaluate the weekly
progression of essential clinical competencies—including clinical reasoning, history taking, physical examination, and
communication skills—throughout a structured three-week ED internship. Furthermore, the study examines the educational
impact of transitioning from a two-week to a three-week program, assessing how this extended duration enhances students’
clinical development in a high-acuity, fast-paced environment. Given that the ED represents a dynamic, multidisciplinary care
setting where teamwork, interprofessional collaboration, and adaptability are crucial, understanding the trajectory of
competence acquisition in this context is particularly important. By providing empirical evidence on students’ longitudinal
growth, this study contributes valuable insights into the optimization of emergency medicine training within undergraduate
medical education. It supports the development of future physicians equipped with complex, team-based healthcare systems.

Methods and Materials

Study Design

This retrospective longitudinal study was conducted at the College of Medicine, National Cheng Kung University,
Taiwan, over a 24-month period from June 2018 to May 2020. The 20182019 period was selected for focused analysis
because it marked the first implementation of a structured, three-week ED internship using standardized WBAs. The
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study aimed to evaluate the short-term progression of core clinical competencies among sixth-year medical students
participating in the “Emergency Medicine & Clerkship” course, a mandatory, two-credit component of the undergraduate
medical curriculum.

This course was designed as a structured, three-week immersive clerkship situated within the ED, providing students with
hands-on, experiential training in a real-world, high-pressure clinical setting. The curriculum was intentionally structured to
simulate the unpredictability and temporal demands of emergency medicine practice. To that end, each student completed four
clinical shifts per week, comprising two-day shifts (08:00—17:00), one evening shift (17:00-22:00), and one overnight shift
(22:00-08:00). This shift-based rotation model was developed to ensure that students were exposed to the full spectrum of
emergency care—ranging from routine cases during daytime hours to high-acuity, resource-limited scenarios during nights
and weekends. It also provided insight into the physiological stress and cognitive load associated with non-traditional working
hours, a core element of professional readiness in emergency medicine.

A central component of the course was active, supervised clinical engagement, grounded in the national competency-
based medical education framework. Under the supervision of senior ED physicians, students were expected to manage
a wide variety of patient cases, perform focused history taking, physical examinations, initial assessments, and critical
interventions, and contribute to clinical decision-making discussions. This breadth of exposure facilitated the develop-
ment of key competencies such as diagnostic reasoning, teamwork, and communication under time-sensitive and
uncertain conditions.

Participants

This study included sixth-year medical students enrolled in the Emergency Medicine & Clerkship course at the College
of Medicine, National Cheng Kung University, between June 2018 and May 2020. As a mandatory component of the
final-year undergraduate medical curriculum, all students were required to complete a structured three-week ED
rotation as part of their clinical training. During the study period, a total of 133 students were initially eligible for
inclusion.

To ensure consistency in clinical exposure and the reliability of performance evaluation data, the final analytic sample
consisted of 133 students who met predefined inclusion and exclusion criteria. All students were enrolled in the
mandatory ED clerkship between June 2018 and May 2020. Only those who voluntarily completed clinical performance
assessments for each of the three weeks and adhered strictly to the standard training schedule were included. Eligibility
required full completion of the three-week ED rotation, including participation in a predefined set of clinical shifts:
a minimum of six daytime shifts (08:00—17:00), three evening shifts (17:00-22:00), and three overnight shifts (22:00-
—08:00). Students attended the clerkship five days per week with a workload capped at 40 hours per week. Clinical
performance was evaluated by supervising physicians or senior residents at least once daily at least once daily, ensuring
comprehensive and consistent documentation of each student’s competency development throughout the rotation.

In addition, inclusion required the availability of complete weekly assessment records across all three weeks,
encompassing ten core clinical competency domains outlined in the institution’s standardized evaluation system. These
domains included, but were not limited to, clinical reasoning, procedural skills, communication, and professionalism, all
assessed by supervising faculty as part of routine clerkship evaluation.

Students were excluded from the analysis if they missed more than one scheduled shift for any reason (eg, illness,
personal leave, emergencies), had incomplete or missing assessment records, or participated in modified training
schedules that could introduce inconsistencies in clinical exposure.

Performance Evaluation and Feedback Mechanisms

Throughout the three-week ED clerkship, students’ clinical performance was systematically observed and assessed by
supervising emergency medicine faculty. These evaluations were aligned with the nationally endorsed core competencies
defined by TMAC, which include patient assessment and management, procedural skills, clinical reasoning, profession-
alism, communication, and adherence to ethical and patient safety standards. These assessments were integrated into
routine clinical activities to ensure authenticity and relevance to real-world practice.
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Following each observed clinical interaction, students received real-time formative feedback from faculty supervisors.
This feedback process aimed to encourage immediate reflection on clinical decisions and behaviors, facilitate the
correction of errors and reinforce best practices. By integrating feedback into the context of actual patient care, the
evaluation process not only served as a measure of performance but also functioned as an active learning tool. The
iterative nature of this feedback loop was intended to support self-directed learning, promote progressive refinement of
clinical skills, and foster adaptive expertise in a high acuity setting.

Assessment Instruments

To evaluate students’ clinical performance during the ED clerkship, a structured assessment instrument was employed.
This instrument was developed by the faculty of the College of Medicine at National Cheng Kung University through
a consensus-driven process and was designed to align with the New Principal Practices for the Clinical Practice of
Medical Students in the School of Medicine, as outlined in the 2016 national syllabus for medical students’ clerkship
training in Taiwan.’ Its primary aim was to assess the development of essential clinical competencies in undergraduate
medical trainees across real-world patient care settings.

The instrument encompassed ten core competency domains, considered fundamental to clinical training in emergency
medicine: learning attitude, physical examination skills, clinical judgment, medical knowledge, prescription and treat-
ment planning, communication skills, patient education, literature appraisal, oral case presentation, and clinical doc-
umentation. Each domain was rated using a 7-point Likert scale, with higher scores indicating more advanced levels of
proficiency. The choice of this scale provided sufficient granularity to detect incremental improvements over the three-
week clerkship period while maintaining clarity and usability for clinical supervisors.

Performance assessments were conducted in situ during routine clinical shifts. A faculty member from the ED
selected an appropriate clinical encounter in which to observe a student. The student was expected to conduct focused
history taking and a physical examination, then formulate a differential diagnosis and propose an initial management
plan. This was followed by a clinical reasoning discussion with the supervising faculty, during which feedback and
guidance were provided. Faculty members served in dual roles as clinical preceptors and assessors, observing the
student’s behavior and decision-making in a live patient-care context.

Immediately following the encounter, the faculty member completed the assessment using a standardized digital form
—typically via a secure institutional platform such as Google Forms—to ensure timely data entry and minimize recall
bias. These assessments were compiled weekly for each student and formed the basis of the study’s competency
progression analysis.

Assessors Training

To ensure the reliability and consistency of clinical performance evaluations, all assessors involved in the mini-Clinical
Evaluation Exercise (mini-CEX) underwent formal rater training prior to participating in the assessment process. Faculty
members eligible to serve as raters were required to meet specific criteria: they had to be board-certified emergency
medicine specialists with a minimum of three years of clinical experience and at least one year of active teaching
experience in an accredited teaching hospital.'*

Following eligibility confirmation, raters completed a comprehensive 47-hour training program specifically designed
to standardize assessment practices and reduce variability in scoring. The training curriculum was grounded in the core
principles of competency-based medical education, drawing from frameworks established by the Accreditation Council
for Graduate Medical Education (ACGME). Key components of the program included an overview of the mini-CEX as
a workplace-based assessment tool, video-based calibration exercises, and interactive sessions focused on scoring
alignment and observational consistency.

During the video calibration phase, raters observed pre-recorded clinical encounters and practiced scoring them
against established benchmarks. This process allowed faculty members to recognize subtle variations in clinical
performance and to align their scoring decisions with a shared understanding of expected competency levels. Group
discussions followed each session to address scoring discrepancies, explore the rationale behind different judgments, and
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foster consensus. These exercises were particularly effective in promoting inter-rater reliability and in identifying
potential sources of rater bias or error.

Additionally, the training emphasized the practical application of the mini-CEX in both undergraduate and post-
graduate clinical settings, with sessions focused on direct observation, constructive feedback delivery, and the docu-
mentation of performance across multiple competency domains. By the end of the program, faculty raters were equipped
with the necessary skills to conduct valid, reliable, and formative clinical assessments, ensuring a standardized evaluation
process across all participating students.

Smartphone-Based Evaluation

To facilitate efficient and standardized evaluation of student performance during the emergency medicine clerkship,
a smartphone-based evaluation system was adopted. This system employed Google Forms as the primary platform for
data entry and collection, allowing both students and supervising physicians to complete performance assessments in real
time. The transition from traditional paper-based methods to a digital interface aimed to streamline the assessment
process, reduce administrative workload, and support immediate feedback at the point of care.

To ensure the reliability and validity of data collected through this platform, a comprehensive rater training program
was conducted prior to the start of the rotation. This training included both students and ED faculty members and was
designed to promote shared understanding of the evaluation framework, scoring criteria, and expected performance
standards. Supervising physicians received focused instruction on the use of the Google Form, with particular emphasis
on the importance of consistent scoring across domains, anchoring judgments to observable clinical behaviors, and
providing objective, constructive feedback. The goal was to minimize inter-rater variability and reduce subjective bias in
competency assessments.

In parallel, students participated in an orientation session led by the clerkship director, which provided a detailed
overview of the digital evaluation tool. This session introduced the purpose, structure, and content of the form, as well as
the rationale behind each evaluation criterion. Students were encouraged to understand the significance of each item—not
merely as administrative tasks, but as indicators of their growth in clinical knowledge, procedural skills, communication,
and professionalism. The orientation also stressed the importance of timely and accurate submission, as the evaluations
would be used to track progression over the course of the three-week rotation.

Statistical Analysis

To evaluate student performance across the three-week ED clerkship, a comprehensive statistical analysis was conducted.
Descriptive statistics, including mean scores, standard deviations, ranges, and total scores, were first calculated to
summarize the distribution of clinical assessment data. These summary measures provided an overview of central
tendencies and variability in students’ performance, offering foundational insights into the breadth and consistency of
competency development during the clerkship.

To explore potential differences in scoring patterns, additional comparative analyses were performed. These included
examinations of variation in assessment scores across different types of clinical cases and among various faculty
evaluator groups. This step enabled the identification of potential contextual influences—such as case complexity or
evaluator variability—on student performance ratings.

Given the repeated-measures nature of the dataset, in which individual students contributed multiple assessments
across three consecutive weeks, a GEE model was employed. This analytic approach was chosen for its ability to account
for the hierarchical data structure and within-subject correlation, allowing for the examination of longitudinal changes in
performance across the three-week period while adjusting for possible clustering effects. The GEE model further enabled
the analysis of how temporal factors (eg, assessment week or academic year) influenced overall performance, while
controlling inter-individual variability.

All statistical analyses were conducted using SAS software (version 9.4; SAS Institute Inc., Cary, NC). Statistical
significance was determined using a two-tailed alpha level of p < 0.05. This threshold ensured that all findings were
evaluated with appropriate rigor and in accordance with conventional standards in medical education research.
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Ethics Approval

This study was conducted in accordance with the ethical principles outlined in the Declaration of Helsinki. Ethical
approval was obtained from the Institutional Review Board of National Cheng Kung University Hospital (IRB Approval
Number: A-EX-109-033). All data were de-identified prior to analysis to ensure participant confidentiality, and only
aggregated, anonymized results were reported. The use of voluntarily completed educational performance assessments
for research purposes was approved as part of the institutional research ethics framework.

Results

Overview of Clinical Competency Assessments

Table 2 presents a summary of clinical assessment scores across the three-week rotation, showing incremental gains in
core competencies such as learning attitude, history taking, and communication skills. A total of 2068 clinical
performance assessments were collected from sixth-year medical students during their three-week ED clerkship between
June 2018 and May 2020. Assessments were distributed as follows: 722 (34.91%) in the first week, 692 (33.46%) in
the second week, and 654 (31.62%) in the third week. Although there was a slight decline in submission rates across
weeks, this variation likely reflects natural clinical workflow patterns or reduced perceived need for feedback as students
gained confidence and familiarity with the ED environment.

Each assessment evaluated ten core competencies, including learning attitude, history taking and physical examina-
tion, clinical judgment, medical knowledge, prescription, communication skills, patient education, literature appraisal,
oral presentation, and documentation. Descriptive statistics indicated steady improvement in several domains. For
instance, mean scores for learning attitude increased from 4.46 (SD = 0.66) in week one to 4.58 (SD = 0.58) in week
three. History taking and physical examination improved from 4.15 (SD = 0.71) to 4.36 (SD = 0.62), while clinical
judgment showed a more modest rise from 4.02 (SD = 0.74) to 4.16 (SD = 0.68).

Notably, communication-related competencies showed consistent gains. Communication skills improved from week
one by a total of 4.10 (SD = 0.72) to 4.25 (SD = 0.67) by week three. Similarly, patient education scores increased from
4.00 (SD = 0.74) to 4.14 (SD = 0.70), reflecting improved ability to convey clinical information clearly and empathe-
tically. Improvements were also observed in prescription skills (from 3.85 to 4.06) and documentation (from 4.17 to
4.32), underscoring growth in competencies critical for independent clinical practice.

Subgroup Analysis of Students with Complete Three-week Assessments
To more precisely capture individual competency progression, a subgroup analysis was conducted on 133 students who
voluntarily submitted complete assessments for all three weeks. As presented in Table 3, this subgroup demonstrated statistically

Table 2 Assessment Scores Across Three weeks of the ED Clerkship From
June 2018 to May 2020

Assessment Variable 1° week 2" week 3" week
Assessment number (%) 722 (34.91%) | 692 (33.46%) | 654 (31.62%)
Mean * SD Mean * SD Mean * SD
Learning attitude 4.46 + 0.66 4,54 + 0.58 4.58 + 0.58
History taking and physical examination 4.15+0.71 4.24 + 0.66 4.36 = 0.62
Clinical judgment 4.02 + 0.74 4,06 + 0.66 4.16 £ 0.68
Medical knowledge 401 = 0.75 4,03 + 0.65 4.15 £ 0.68
Prescription 3.85 £ 0.74 3.90 £ 0.71 4.06 £ 0.71
Communication skills 4.10 £ 0.72 4.14 + 0.64 4.25 £ 0.67
Patient education 4.00 + 0.74 4,06 + 0.69 4.14 £ 0.70
Literature appraisal 4.08 + 0.73 4.10 + 0.66 421 £ 0.66
Oral presentation 4.13 £0.73 4.18 + 0.64 4.29 + 0.66
Documentation 4.17 £ 0.70 421 + 0.66 432 +0.63
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Table 3 Summary of 133 participants Who Have Completed Full Three-week Assessment

Forms
Competency 1°¢ week 2" week 3" week | p-value
Mean £ SD | Mean £ SD | Mean £ SD
Learning attitude 449 £ 040 | 453 037 | 458 +0.39 0.192
History taking and physical examination | 4.18 + 0.50 | 4.23 + 0.43 4.34 £ 041 0.014
Clinical judgment 403 +050 | 404+042 | 413+043 0.064
Medical knowledge 4.05+ 047 | 401 =042 4.12 £ 045 0.109
Prescription skills 3.85 £ 0.50 3.87 £ 0.46 4.02 + 0.46 0.002
Communication skills 4.10 £ 0.51 4.12 £ 043 425 + 0.44 0.008
Patient education 402 £ 054 | 403047 | 4.11 £047 0.218
Literature appraisal 409 £ 047 | 408 +045 | 418 +042 0.173
Oral presentation 4.16 £ 0.48 4.14 £ 0.42 426 £ 043 0.054
Documentation 419043 | 418+042 | 430+ 040 0.035

Note: P values < 0.05 indicate statistically significant differences.

significant improvement across several key competencies. For example, history taking and physical examination scores increased
from 4.18 (SD = 0.50) to 4.34 (SD = 0.41) (p = 0.014), and prescription skills improved from 3.85 (SD = 0.50) to 4.02 (SD =
0.46) (p = 0.002). Communication skills rose significantly from 4.10 (SD = 0.51) to 4.25 (SD = 0.44) (p = 0.008), and
documentation scores also showed significant improvement (p = 0.035).

Although other domains such as clinical judgment, medical knowledge, and literature appraisal exhibited upward
trends, these changes were not statistically significant, suggesting that certain competencies may require longer exposure

or more targeted instructional strategies for measurable gains.

Modeling Weekly and Yearly Changes Using GEE

To account for the repeated-measures nature of the data and examine competency progression over time, a GEE model
was employed (see Table 4). The intercept, representing the baseline level of student performance across all domains,
was estimated at 1.4038 (SE = 0.0096, 95% CI: 1.3848-1.4227, p <0.0001), indicating a stable and consistent initial level
of clinical competency at the start of the clerkship.

Importantly, the model identified a statistically significant improvement in performance scores by the third week
compared to the first week (Estimate = 0.0263, SE = 0.0097, 95% CI: 0.0074-0.0452, p = 0.0064). This finding
highlights a meaningful progression in student competencies over a relatively short timeframe, emphasizing the impact of
sustained clinical exposure and active learning within the ED setting. No significant difference was observed between the
first and second weeks (Estimate = 0.0059, p = 0.5212), suggesting that the most notable gains occurred during the latter
half of the rotation.

Table 4 Parameter Estimates for Repeated Measures in Average Overall Performance
Progression Using the Generalized Estimating Equations (GEE) Models

Parameter | Estimate | Standard Error | 95% Confidence Interval | p-value
Intercept 1.4038 0.0096 (1.3848, 1.4227) <0.0001
Week
Third 0.0263 0.0097 (0.0074, 0.0452) 0.0064
Second 0.0059 0.0092 (-0.0121, 0.0239) 0.5212
First Reference
Year
2019 0.0215 0.0100 (0.0019, 0.0412) 0.0318
2018 Reference
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Figure | Average performance progression of medical students during ED internships: a three-week comparison of 2018 and 2019.

In addition to weekly effects, a significant year-over-year difference was detected: students in 2019 performed better
than those in 2018, with an estimated score increase of 0.0215 (SE = 0.0100, 95% CI: 0.0019-0.0412, p = 0.0318). This
improvement may reflect enhancements in the clerkship curriculum, better faculty calibration, or increased student
preparedness in response to curricular refinement efforts implemented after the initial year. As illustrated in Figure 1,
average clinical performance showed a consistent upward trajectory over the three-week ED clerkship, with
noticeable year-over-year improvement between 2018 and 2019.

Novel Contributions and Implications

While the observed gains in competencies such as communication, prescription, and clinical reasoning are consistent
with findings from existing literature on immersive clinical education, this study’s novelty lies in its detailed week-by-
week quantification of competency development and the application of the GEE model to statistically account for
repeated measures. These methods allow for a more nuanced understanding of when and how clinical competencies
evolve during short-term clerkships. Moreover, by identifying which skills show early gains and which require more
prolonged or targeted interventions, the findings provide actionable insights for curriculum design and clinical super-
vision strategies in emergency medicine education.

Discussion
This study underscores the pivotal role of structured, immersive clinical training in the ED in nurturing essential
competencies among undergraduate medical students. The findings indicate that extended exposure to real-world ED
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settings—supported by structured supervision and timely formative feedback—Ieads to significant gains in diagnostic
reasoning, prescription accuracy, communication proficiency, and clinical documentation. Statistically significant
improvements were evident by the third week of rotation, suggesting that a minimum threshold of three weeks is
necessary to ensure meaningful skill development. This trend highlights the cumulative effect of sustained clinical
engagement in high-pressure environments where students gradually build clinical confidence and competence.'”

Importantly, the ED offers a naturally multidisciplinary environment that integrates physicians, nurses, pharmacists,
case managers, and allied health professionals in time-sensitive, team-based care. Students’ participation in such
interprofessional teams not only reinforces clinical decision-making but also cultivates collaborative skills essential for
modern healthcare practice. Through direct interaction with diverse healthcare roles, students gain a deeper under-
standing of the dynamics of multidisciplinary care, enhancing their ability to function effectively within complex clinical
systems.'® Notably, year-over-year comparisons revealed that students in 2019 outperformed their 2018 counterparts,
suggesting that curricular revisions or pedagogical improvements—such as clearer learning objectives, enhanced feed-
back quality, or increased opportunities for interprofessional collaboration—contributed to improved preparedness. These
findings affirm the value of iterative curriculum refinement aligned with evolving educational standards and the realities
of contemporary, team-based clinical practice.

Teaching clinical reasoning is essential yet remains a persistent challenge in medical education.'” Educators must
guide students in closing gaps in assessment, decision-making, and knowledge application. Traditional ward or outpatient
rotations—typically before ED exposure—help build basic skills like history taking, physical exams, presentations, and
documentation.'®'® However, competencies such as prescription writing, clinical judgment, and patient education are
often underemphasized. The ED’s fast-paced, high-pressure environment demands rapid synthesis and decisive action,
while still requiring clear communication and patient education to prevent short-term return visits.” Effective discharge
instructions are vital to ensure safe care transitions.”! Given these demands, educators must create structured, real-time
learning opportunities in the ED, including decision-making practice, discharge communication, and targeted feedback.
As students often struggle to identify their own gaps, active supervision and specific guidance from faculty are critical.

As medical education evolves, integrating competency-based frameworks and simulation-based experiences becomes
increasingly important, especially for areas that are underrepresented in traditional rotations.”** By situating clinical
reasoning within the dynamic context of emergency medicine and designing deliberate practice opportunities for less-
developed skills, educators can more effectively support trainees’ progression toward clinical competence and independent
practice.”!

Prior research has consistently emphasized the educational value of early case-based teaching in fostering clinical
reasoning and decision-making skills among medical students.”* By engaging with structured clinical cases early in their
training, students begin to construct illness scripts—mental frameworks that integrate signs, symptoms, pathophysiology,
and diagnostic cues.”> These scripts serve as foundational tools for making accurate and efficient clinical judgments in
real-world scenarios. Moreover, repeated exposure to multiple cases with similar presenting symptoms helps students
refine their ability to identify and contrast subtle differentiating features between conditions, thereby deepening
diagnostic accuracy and reinforcing clinical reasoning pathways.”®

In alignment with this pedagogical approach, the Society of Academic Emergency Medicine (SAEM) has developed
a national curriculum for fourth-year emergency medicine clerkships, advocating for broad exposure to a diverse spectrum of
emergent clinical conditions. These include, but are not limited to, abdominal pain, altered mental status, cardiac arrest, chest
pain, gastrointestinal bleeding, headache, poisoning, respiratory distress, shock, and trauma.'® This approach ensures that
students gain essential experience in managing critical scenarios, which is pivotal in their transition from medical education to
clinical practice. The intent of this curriculum is to provide undergraduate trainees with comprehensive, hands-on experience
in managing acute scenarios—experiences that are critical for bridging the gap between medical education and clinical
practice. When paired with real-time supervision and formative feedback, this exposure not only enhances core competencies
but also strengthens students’ readiness for high-stakes decision-making in their future roles as physicians.

To ensure that undergraduate trainees acquire essential emergency care competencies, the learning objectives of clinical
encounters and case-based discussions are structured to enable students to: (1) systematically construct a comprehensive
differential diagnosis for common emergent conditions, incorporating a broad range of possible etiologies; (2) accurately
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describe the hallmark clinical features associated with these conditions, highlighting key signs and symptoms that facilitate
rapid recognition and prioritization; and (3) outline the initial evaluation and management steps, including pertinent diagnostic
investigations, immediate therapeutic interventions, and appropriate disposition planning.'® Mastery of these competencies is
vital in the ED, where timely and precise decision-making directly influences patient outcomes.?’

Despite the importance of clinical reasoning, diagnostic errors remain a significant concern in ED settings, posing risks to
patient safety.>'" To address this, Taiwan implemented the Taiwan Triage and Acuity Scale (TTAS) in 2010—a five-level
computerized system classifying patients by urgency from Level 1 (most urgent) to Level 5 (least urgent).”® To minimize risk,
trainees typically manage Level 3—5 patients with milder conditions. While this safeguards patients, it limits trainee exposure
to high-acuity cases crucial for developing advanced reasoning and decision-making. As ED presentations are unpredictable,
this restricted exposure may reduce training authenticity. Thus, to ensure balanced learning, institutions should consider
strategies like supervised high-acuity encounters, debriefings, and simulation-based training.>

In these years, the COVID-19 pandemic has intensified existing challenges in clinical education by limiting direct
patient contact, especially with critically ill individuals.*® This disruption reduced vital hands-on experience in high-
acuity emergency care. In response, simulation-based education has become a key, evidence-supported strategy to
maintain emergency medicine training quality.®' Simulation allows safe, repeated practice of complex clinical scenarios
involving rapid assessment, critical decisions, teamwork, and crisis management—all without patient risk.** Rooted in
experiential learning, it offers structured opportunities for practice, feedback, and reflection. Recognizing its value, most
Canadian emergency medicine residency programs have integrated simulation into their curricula, focusing on resuscita-
tion and interprofessional crisis management.>* Repeated simulation and debriefing improve trainee confidence, pre-
paredness, and patient safety outcomes in real clinical settings.

Assessing clinical competence in authentic clinical settings is fundamental to medical education, and direct observa-
tion by faculty plays a central role in this process. Direct observation allows faculty to witness firsthand the clinical skills
and behaviors of trainees, offering an opportunity to evaluate them in real time. This approach enables faculty to
transform their observations into structured judgments and ratings, providing a basis for constructive and timely
feedback, which is crucial for the developmental process of trainees. Furthermore, direct observation is not only valuable
for immediate assessment but also serves as a robust predictor of future performance, giving insights into the readiness
and potential of medical students to handle complex clinical situations in their careers.>*>°

Improving the teaching and assessment of clinical reasoning is a critical issue for educators, particularly for trainers in
EDs. clinical reasoning is a vital skill that determines how trainees integrate and apply medical knowledge to patient
care. Workplace-based assessments, such as direct observation, play an instrumental role in developing clinical reasoning
skills by offering tailored feedback based on real-world clinical encounters. Evidence shows that such feedback
significantly boosts trainees’ motivation and confidence, enhancing their learning experiences and clinical competence
over time.>” Feedback is indispensable in both medical education and clinical education. It is traditionally viewed
through several conceptual frameworks: as a mere transfer of information, as a reaction to observed behaviors, or as
a dynamic, cyclical process that involves a continuous exchange of information and reaction between the educator and
the trainee.>® In clinical education specifically, we propose defining feedback as detailed, specific information regarding
a trainee’s observed performance compared to a predefined standard. This definition underscores feedback’s role in
closing the gap between current and desired performance, ultimately aiming to improve the trainee’s knowledge, skills,
and professional behavior.>

A study by Johnson et al examined core medical trainees’ perspectives on their curriculum and assessment practices,
highlighting the perceived value of feedback in workplace-based assessments. Most trainees reported that feedback was
one of the most useful components of these assessments, suggesting that when feedback is done well, it significantly
contributes to their professional development and learning outcomes.*® However, the relationship between feedback and
its impact on learning outcomes is complex and not always positive. Research indicates that feedback can sometimes
inadvertently lead to negative consequences, such as decreased motivation, impaired confidence, self-doubt, student
burnout, or even reduced performance.*' Such outcomes often result from poorly delivered feedback, which may be
perceived as overly critical, vague, or lacking in actionable recommendations. Moreover, trainers may consciously avoid
providing feedback to avoid causing offense or triggering defensiveness in trainees.
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To mitigate these challenges, it is crucial to maximize opportunities for training assessors to provide high-quality feedback.
Assessor training is increasingly recognized as vital to ensure feedback is constructive, timely, and aligned with learning goals.**
Effective training should focus on techniques for delivering clear, specific, and constructive feedback that is aligned with the
trainee’s level of experience and learning needs. Moreover, assessors should be trained to administer assessments in a way that
fosters a supportive learning environment. The quality of feedback is directly linked to the effectiveness of assessments;
therefore, if assessments are used merely as scoring exercises without a strong emphasis on delivering meaningful, actionable
feedback, the potential educational gains will be minimal. Feedback should be integrated as a core component of the assessment
process, ensuring that it is not only formative but also drives continuous improvement in clinical competence.**

While direct observation and feedback are critical for assessing clinical competence and fostering professional growth in
medical education, several limitations challenge their effectiveness. These include subjectivity and bias in assessments,
variability in feedback quality, and the reluctance of trainers to provide honest feedback due to concerns about causing offense
or provoking defensiveness. Time constraints in busy clinical settings often limit opportunities for thorough observation and
meaningful feedback, while inadequate training and calibration of assessors contribute to inconsistencies.** Additionally,
poorly delivered feedback can negatively impact trainee motivation and confidence, potentially hindering learning
outcomes.*> Overemphasis on assessment scores rather than formative feedback, limited predictive validity of observations,
emotional impact on trainees, and the resource-intensive nature of these processes further complicate implementation.
Addressing these challenges requires a strategic approach to training, a supportive educational culture, and a focus on the
developmental needs of trainees to enhance the value of workplace-based assessments.

Future research should explore the effects of extended ED rotations on enhancing diagnostic reasoning skills among medical
students, with particular attention to the retention and application of these skills in real-world clinical practice. Investigations
could also assess the integration of innovative educational strategies—such as simulation-based learning, interprofessional case-
based discussions, and team-based clinical scenarios—to further strengthen core clinical competencies within multidisciplinary
healthcare settings. Moreover, examining the influence of varying levels of supervision and the quality of formative feedback on
student performance may yield critical insights for optimizing clinical training environments. Longitudinal studies tracking the
progression of diagnostic abilities from undergraduate medical education through to professional practice would be instrumental
in evaluating the long-term efficacy of diverse instructional approaches across different clinical disciplines.

Conclusion

This study demonstrates that a structured, three-week ED internship can significantly enhance core clinical competencies
in undergraduate medical students, particularly in diagnostic reasoning, prescription accuracy, communication, and
documentation. However, several limitations should be noted. The study was conducted at a single institution, with
a relatively small longitudinal sample and reliance on supervisor-based assessment, which may introduce potential bias.
From the student perspective, extended clinical immersion with consistent feedback promotes deeper engagement and
competency development. From the institutional perspective, findings support the integration of structured, longitudinal
assessment into clinical rotations. From the hospital and healthcare perspective, embedding interprofessional learning
opportunities—such as collaboration with nursing, pharmacy, and allied health—can strengthen students’ readiness for
team-based practice. Future research should explore optimal length and structure of ED internships, explore comple-
mentary teaching strategies such as simulation and reflective practice, and evaluate the long-term impact of such training
on collaborative clinical performance.
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