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Abstract 
Background: Hospital orientation training is essential for newly appointed 
healthcare professionals to acquire institutional knowledge, safety awareness, 
and basic clinical competencies. However, traditional training programs primar-
ily rely on didactic instruction and summative examinations, which may inade-
quately promote clinical reasoning, risk recognition, and transfer of knowledge 
into clinical practice. This study developed and evaluated a COER (Customized 
Assessment, Organized Collaborative Discussion, Embedded Evaluation, and 
Reflective Debriefing) training framework integrating competency-based educa-
tion principles and learning analytics for hospital orientation training. Methods: 
A quasi-experimental cohort study was conducted among newly appointed phy-
sicians at a tertiary medical center. Participants from the 2025 training cohort 
receiving conventional orientation training were assigned as the control group 
(n=160), while participants from the 2026 cohort receiving COER-based training 
were assigned as the intervention group (n=60). Core training contents, assess-
ment standards, and teaching faculty were consistent between the two cohorts. 
The COER framework incorporated individualized competency assessment, in-
terdisciplinary case-based discussion, continuous formative evaluation, and 
structured reflective debriefing. A Learning Analytics Dashboard was imple-
mented to collect and analyze multidimensional training data. Primary outcomes 
included training completion rate, examination performance, and competency-
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related indicators. Multivariable regression was performed adjusting for baseline 
demographics (gender and specialty). Item-level responses were analyzed using 
mixed-effects models with participant-level random intercepts, and p-values 
were adjusted using the Benjamini-Hochberg method. Results: Training com-
pletion rates were 100% in both cohorts. Compared with the conventional train-
ing cohort, participants receiving COER-based training demonstrated higher 
mean examination scores (89.52 vs. 81.44 points) and higher pass rates (100% vs. 
98.7%). The accuracy of high-risk clinical scenario questions increased from 
48.4% to 76.25%, while case-based judgment accuracy improved from 64% to 
85%. Competency profiling using the Learning Analytics Dashboard showed 
high performance across five domains, including triage concepts (0.95), ABC as-
sessment (0.92), emergency decision-making (0.91), PAT recognition (0.89), and 
case judgment (0.85). However, case-based reasoning and PAT recognition re-
mained relatively weaker competency domains. Multivariable regression con-
firmed a significant independent association between COER intervention and 
higher examination scores after adjusting for gender and specialty. Mixed-effects 
analysis of item-level data revealed significant between-cohort differences in 
case-based judgment items, with adjusted p-values remaining significant for key 
items. Conclusions: The COER training framework effectively enhanced com-
petency-related performance among newly appointed physicians by shifting hos-
pital orientation training from knowledge acquisition toward clinical reasoning 
and risk recognition. Integration of learning analytics enabled objective identifi-
cation of competency gaps and supported continuous quality improvement. This 
framework provides a scalable approach for competency-based hospital orienta-
tion training and may be applicable to residency education and other healthcare 
professional development programs. 
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1. Introduction 

Hospital orientation training represents an important transition between recruit-
ment and independent clinical practice for newly appointed healthcare profes-
sionals. During this period, clinicians must rapidly become familiar with institu-
tional safety requirements, clinical workflows, emergency response processes, and 
expectations for interprofessional practice. However, newly appointed healthcare 
professionals often enter training with heterogeneous disciplinary backgrounds 
and prior clinical experience. A standardized orientation program may therefore 
ensure consistent delivery of essential information while providing limited insight 
into whether individual learners can recognize clinical deterioration, integrate 
complex information, and make appropriate decisions in unfamiliar clinical envi-
ronments. Contemporary approaches to physician onboarding similarly empha-
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size that effective orientation extends beyond administrative induction to prepa-
ration for safe and effective practice within a new healthcare system (Frögéli et al., 
2023). 

Competency-based medical education (CBME) provides a conceptual basis for 
addressing this limitation by shifting the focus of education from time- and 
knowledge-based instruction toward the development and demonstration of abil-
ities required for professional practice (Iobst et al., 2010; Frank et al., 2010; Van 
Melle et al., 2019). Within this paradigm, assessment is not merely an endpoint 
for determining whether learners have passed a course; it can also generate infor-
mation that guides subsequent learning. The evolution from “assessment of learn-
ing” toward “assessment for learning” and programmatic assessment further em-
phasizes the integration of multiple assessment data points, meaningful feedback, 
and longitudinal evidence of competency development (Schuwirth & Van der 
Vleuten, 2011). These principles are particularly relevant to hospital orientation 
training, where satisfactory performance on a conventional written examination 
may not necessarily reflect the learner’s ability to apply knowledge to clinical rea-
soning and decision-making. 

Active and reflective educational strategies may further facilitate the translation 
of knowledge into clinical performance. Case-based learning places learners in 
clinically meaningful contexts that require interpretation of information, prioriti-
zation of problems, and justification of management decisions, and systematic re-
views have supported its value in health professions education (Thistlethwaite et 
al., 2012; Lu et al., 2016). Structured debriefing and reflection may complement 
this process by allowing learners to reconstruct events, examine reasoning path-
ways, identify judgment errors, and formulate strategies for subsequent practice 
(Duff et al., 2024). At the same time, learning analytics offers a means of integrat-
ing multidimensional educational data beyond aggregate examination scores. A 
recent systematic review identified curriculum evaluation, learner performance 
analysis, feedback and support, and learning-outcome assessment as major appli-
cations of learning analytics in medical education (Toofaninejad et al., 2025). Nev-
ertheless, these approaches are often studied separately, and evidence remains 
limited regarding how competency-oriented learning, continuous assessment, re-
flective learning, and learning analytics can be integrated into a coherent frame-
work for hospital orientation training. 

To address this gap, we developed the COER framework, comprising Custom-
ized Assessment, Organized Collaborative Discussion, Embedded Evaluation, and 
Reflective Debriefing, and integrated it with a Learning Analytics Dashboard for 
competency profiling and learning-gap identification. Rather than replacing 
standardized orientation content, COER was designed to restructure the educa-
tional process around competency development, formative feedback, and targeted 
reinforcement. In this quasi-experimental study, we compared COER-based ori-
entation training with the conventional training approach among newly ap-
pointed physicians. We aimed to evaluate differences in overall examination per-
formance and competency-related outcomes and to determine whether multidi-
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mensional learning analytics could provide additional information on compe-
tency patterns and residual learning gaps beyond conventional summative assess-
ment. 

2. Methods 
2.1. Study Design and Setting 

This quasi-experimental cohort study was conducted at [institution name], a 
tertiary medical center providing standardized hospital orientation training for 
newly appointed physicians. The study evaluated the effectiveness of a compe-
tency-oriented COER training framework implemented during the 2026 orien-
tation program compared with the conventional training approach used in 
2025. 

Two consecutive cohorts of newly appointed physicians were included. The 
2025 cohort received conventional orientation training and served as the compar-
ison cohort, whereas the 2026 cohort received the COER-based training program. 
The study followed a controlled before-and-after educational intervention design. 
To improve comparability between cohorts, core educational contents, including 
medical safety principles, clinical assessment skills, clinical management proce-
dures, teaching faculty, and assessment standards, remained unchanged through-
out the study period. The primary difference between the two cohorts was the 
educational process and evaluation strategy. 

2.2. Participants 

Participants were newly appointed physicians enrolled in the annual hospital ori-
entation training program. All participants were newly graduated physicians with 
no prior clinical experience. The comparison cohort consisted of 160 participants 
from the 2025 training program who received conventional orientation training 
based on centralized lectures combined with group discussion. The intervention 
cohort consisted of 60 participants from the 2026 training program who received 
the COER-based training framework. 

As shown in Table 1, participants’ baseline characteristics included gender and 
specialty, with all participants being physicians and none having prior clinical ex-
perience. All eligible participants completed the assigned training program and 
outcome assessments, and no missing assessment data were identified. Both co-
horts received identical core educational content, including medical safety, clini-
cal assessment, and clinical management training. The teaching faculty and as-
sessment standards were maintained consistently between cohorts to minimize 
potential confounding factors. 

2.3. Development of the COER Training Framework 

The COER framework was developed based on the principles of competency-
based medical education (CBME), aiming to transform hospital orientation train-
ing from knowledge acquisition toward competency development and clinical 
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reasoning enhancement. The framework was designed to overcome limitations of 
traditional lecture-based training, in which standardized knowledge delivery may 
not adequately address differences in learners’ backgrounds or promote complex 
clinical decision-making. 

COER consists of four interconnected components: Customized Assessment, 
Organized Collaborative Discussion, Embedded Evaluation, and Reflective De-
briefing. Together, these components establish a continuous competency devel-
opment cycle of assessment → discussion → evaluation → reflection → improve-
ment, integrating educational intervention with competency monitoring and 
feedback. 

2.4. Customized Assessment 

Customized assessment was designed to identify individual competency levels and 
learning needs among physicians with diverse specialty backgrounds. Baseline 
knowledge assessment and questionnaires were conducted before training to 
characterize learners’ educational needs. During training, real-time assessment 
approaches, including classroom questioning, case analysis, and clinical scenario 
judgment, were used to identify knowledge gaps and areas requiring reinforce-
ment. After training completion, theoretical examination and scenario-based as-
sessment were integrated to evaluate knowledge acquisition and transfer of learn-
ing into clinical reasoning. 

2.5. Organized Collaborative Discussion 

Organized Collaborative Discussion was designed to promote active learning, inter-
disciplinary communication, and clinical reasoning through structured case-based 
discussion. Participants were assigned to interdisciplinary groups according to spe-
cialty background, allowing exchange of perspectives among physicians from dif-
ferent specialties. Real-world clinical scenarios focusing on medical safety, recogni-
tion of high-risk patients, emergency management pathways, and clinical decision-
making were used as discussion materials. 

Rather than emphasizing memorization of predefined answers, facilitators 
guided learners to analyze the rationale behind clinical decisions, identify critical 
information influencing management choices, and explore alternative strategies. 
This approach encouraged participants to integrate clinical information, justify 
decision-making processes, and strengthen teamwork and clinical reasoning abil-
ities. 

2.6. Embedded Evaluation 

Embedded evaluation was incorporated to shift competency assessment from a 
single summative examination toward a continuous formative and data-driven 
evaluation process. A multidimensional assessment system was established to cap-
ture learning behaviors, knowledge acquisition, competency development, and 
continuous improvement throughout the training process. 
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The Learning Analytics Dashboard integrated multiple educational data sources, 
including examination performance, classroom participation, case-based discus-
sion outcomes, reflective debriefing results, and competency assessment data. By 
combining these indicators, the system enabled dynamic monitoring of learner 
performance, identification of competency gaps, and generation of targeted feed-
back beyond traditional examination-based evaluation. 

2.7. Reflective Debriefing 

Reflective debriefing was introduced as a new component of the COER framework 
in the 2026 cohort to facilitate transformation of learning experiences into clinical 
reasoning and behavioral improvement. The structured debriefing process con-
sisted of four stages: event reconstruction, problem analysis, experience integra-
tion, and action planning. 

Participants first reviewed clinical cases or simulated scenarios to identify crit-
ical decision points and potential risks. They subsequently analyzed reasoning 
pathways, evaluated decision-making processes, and recognized possible cogni-
tive gaps. Key learning points were then integrated into practical clinical behav-
iors, followed by development of individualized action plans for future practice. 
This reflective process aimed to promote self-directed learning and continuous 
professional development. 

2.8. Psychometric Validation of Assessment Instruments 

All assessment instruments were developed through a multi-stage process involv-
ing content validation, pilot testing, and reliability analyses. 

Content validation: The initial item pool was generated by a panel of five clini-
cal educators and three content experts in emergency medicine and medical edu-
cation. Items were mapped to predefined competency domains (triage concepts, 
ABC assessment, emergency decision-making, PAT recognition, and case judg-
ment) based on established CBME frameworks. Content validity indices (CVI) 
were calculated for each item based on expert ratings of relevance (4-point scale). 
Items with I-CVI ≥ 0.78 were retained; items with I-CVI < 0.78 were revised or 
removed. The overall scale-level CVI (S-CVI/Ave) was 0.92, indicating excellent 
content validity. 

Pilot testing: A pilot version of the assessment was administered to 30 newly 
appointed physicians from a previous cohort (not included in the main study) to 
evaluate item clarity, difficulty, and discrimination. Based on pilot results, items 
with difficulty indices (p-values) outside the 0.30 - 0.90 range or discrimination 
indices (point-biserial correlation) < 0.20 were revised or replaced. 

Reliability analyses: Internal consistency was assessed using Cronbach’s alpha 
for each competency domain. The Cronbach’s alpha coefficients were 0.87 for tri-
age concepts, 0.84 for ABC assessment, 0.82 for emergency decision-making, 0.79 
for PAT recognition, and 0.81 for case judgment. Test-retest reliability was eval-
uated in a subsample of 20 participants who completed the assessment twice with 
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a 2-week interval; intraclass correlation coefficients (ICC) ranged from 0.76 to 
0.85 across domains, indicating acceptable stability. 

Competency scoring formula: Competency domain scores were calculated us-
ing a weighted composite formula based on item-level performance. For each do-
main, the domain score was computed as: 

( )Domain Score i i iw x w= Σ × Σ  

where xᵢ represents the binary (0/1) or categorical response score for item i within 
the domain, and wᵢ represents the item weight derived from expert consensus and 
factor loadings from pilot data. Weights were determined using a combination of 
expert panel ranking (50% weight) and exploratory factor analysis factor loadings 
(50% weight), normalized to sum to 1 within each domain. The final competency 
score for each domain was then standardized to a 0 - 1 scale, with a predefined 
competency threshold of ≥ 0.80 considered as achieving the expected competency 
level. 

Inter-rater reliability for case-based judgment items involving open-ended re-
sponses was assessed by having two independent raters score a random sample of 
20% of responses, yielding Cohen’s κ = 0.82 (95% CI: 0.75 - 0.89), indicating sub-
stantial agreement. 

2.9. Outcome Measurements 

The effectiveness of the COER framework was evaluated using a multidimen-
sional outcome assessment system incorporating knowledge-based and compe-
tency-related outcomes. 

The primary outcomes included training completion rate, examination pass 
rate, and overall examination performance. Training completion was defined as 
completion of all required training activities and assessments. Examination per-
formance was assessed using the standardized post-training examination, with a 
passing threshold of > 80 points. 

Secondary outcomes included high-risk scenario recognition accuracy and 
case-based clinical judgment accuracy. High-risk scenario recognition questions 
evaluated participants’ ability to identify early warning signs and prioritize appro-
priate responses in potentially deteriorating patients. Case-based clinical judg-
ment questions assessed integration of clinical information, risk stratification, and 
decision-making rather than factual recall alone. 

In addition, the Learning Analytics Dashboard generated competency profiles 
across five predefined domains: triage concepts, Pediatric Assessment Triangle 
(PAT) recognition, ABC assessment, case judgment, and emergency decision-
making. Each domain was standardized on a 0 - 1 scale, with a predefined com-
petency threshold of 0.80. 

2.10. Learning Analytics Dashboard and Data Processing 

The Learning Analytics Dashboard was developed to integrate and visualize multidi-
mensional educational data throughout the COER training process. Data sources in-
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cluded examination results, item-level responses, classroom participation, collabora-
tive discussion performance, reflective evaluation records, and competency assess-
ment outcomes. 

The dashboard generated competency profiles using domain-specific scores 
and radar visualization, enabling identification of strengths and areas requiring 
improvement. Item-level analysis was performed to identify specific knowledge 
gaps and competency challenges. Specialty subgroup analysis was also conducted 
to explore differences among physician specialties and support targeted educa-
tional optimization. 

By integrating learning behaviors, assessment outcomes, and competency indi-
cators, the Learning Analytics Dashboard provided a data-driven approach for 
precision education and continuous improvement of hospital orientation train-
ing. 

2.11. Statistical Analysis 

Statistical analyses were performed using the completed assessment dataset. Con-
tinuous variables were expressed as mean ± standard deviation (SD), and categor-
ical variables were presented as numbers and percentages. 

Baseline characteristics and multivariable regression 
Participant baseline characteristics (gender and specialty) were summarized for 

both cohorts (Table 1). To assess the independent association between the COER 
intervention and examination performance while controlling for potential con-
founders, multivariable linear regression was performed with post-training exam-
ination score as the dependent variable and cohort assignment (COER vs. con-
ventional), gender, and specialty as independent variables. Regression coefficients 
(β) with 95% confidence intervals and p-values were reported (Table 2). 

Mixed-effects modeling for item-level data: To account for the clustering of 
item responses within individual participants, item-level accuracy data were ana-
lyzed using mixed-effects logistic regression models with participant-level ran-
dom intercepts. Models were fitted separately for high-risk scenario items and 
case-based judgment items, with cohort assignment as a fixed effect. Odds ratios 
(OR) with 95% confidence intervals were calculated. To control for multiple com-
parisons across items within each domain, p-values were adjusted using the Ben-
jamini–Hochberg false discovery rate (FDR) method with a q-value threshold of 
0.10. Adjusted q-values are reported alongside original p-values in Figure 1. 

Other analyses: Differences in aggregate examination scores between cohorts 
were analyzed using independent-sample t tests, with Welch’s t-test applied when 
variance assumptions were not satisfied. Cohen’s d was calculated to estimate 
standardized effect size. Categorical outcomes, including examination pass rate 
and overall item-level accuracy, were compared using chi-square tests or Fisher’s 
exact tests as appropriate. The phi coefficient (φ) was calculated as an effect size 
measure for categorical variables. 

Competency domain scores generated by the Learning Analytics Dashboard  
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(A) Item-level comparison of high-risk scenario question performance between the conventional training cohort (2025) and the 
COER training cohort (2026). Four high-risk clinical scenario items were analyzed, including Q4, Q16, Q18, and Q20. Although 
the overall accuracy of high-risk scenario recognition did not differ significantly between cohorts, item-level analysis revealed 
heterogeneous performance patterns, with significant differences observed in selected clinical scenarios. (B) Item-level compar-
ison of case-based clinical judgment performance across ten clinical scenarios. The heatmap demonstrates the accuracy distri-
bution of each case-based question between the two cohorts. The COER cohort showed significantly higher overall case-based 
judgment accuracy compared with the conventional cohort (85.0% vs. 77.13%, P < 0.001). Item-level analysis identified specific 
scenarios with improved performance as well as persistent learning gaps, demonstrating the ability of learning analytics to iden-
tify competency domains requiring targeted educational reinforcement. Data are presented as accuracy (number of correct re-
sponses/total number of responses). Group comparisons were performed using Fisher’s exact test. Effect sizes were calculated 
using the phi coefficient (φ). 

Figure 1. Item-level analysis of high-risk scenario recognition and case-based clinical judgment after COER training. 
 

were analyzed descriptively and visualized using radar charts. Item-level analyses 
were performed to identify learning gaps and domains requiring targeted educa-
tional reinforcement. Statistical significance was defined as a two-sided P value < 
0.05, with adjusted q-values < 0.10 considered significant for item-level mixed-
effects analyses. 
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3. Results 
3.1. Training Characteristics and Baseline Comparability 

A total of 220 newly appointed physicians were included in this quasi-experi-
mental cohort study, consisting of 160 participants in the conventional training 
cohort (2025) and 60 participants in the COER training cohort (2026). All partic-
ipants were newly graduated physicians with no prior clinical experience. All par-
ticipants completed the assigned orientation training program and outcome as-
sessments, with no withdrawal or missing assessment data identified in either co-
hort. 

The comparison of training characteristics between the two cohorts is sum-
marized in Table 3. Both cohorts demonstrated comparable training comple-
tion, curriculum structure, faculty composition, and assessment framework, 
supporting the comparability of the two cohorts for subsequent outcome anal-
yses. 

Table 1 presents the baseline demographic and professional characteristics of 
both cohorts. Because all participants were physicians with no prior clinical ex-
perience, the baseline variables included gender and specialty. The two cohorts 
were comparable in terms of gender distribution (65.0% vs. 66.7% female, P = 
0.815). Specialty distribution was similar between cohorts, with the most com-
mon specialties being pediatrics, pediatric surgery, anesthesiology, radiology, 
and stomatology (P = 0.742 for overall specialty distribution). The two cohorts 
also received comparable core educational content, teaching faculty, and assess-
ment standards, supporting the comparability of the two cohorts for subsequent 
outcome analyses. 
 

Table 1. Baseline demographic and professional characteristics of study participants. 

Characteristic Conventional cohort (2025, n = 160) COER cohort (2026, n = 60) P value 

Gender, n (%)   0.815* 

Male 56 (35.0) 20 (33.3)  

Female 104 (65.0) 40 (66.7)  

Specialty, n (%)   0.742* 

Pediatrics 72 (45.0) 26 (43.3)  

Pediatric Surgery 25 (15.6) 8 (13.3)  

Anesthesiology 18 (11.3) 7 (11.7)  

Radiology 16 (10.0) 6 (10.0)  

Stomatology 15 (9.4) 6 (10.0)  

Others 14 (8.7) 7 (11.7)  

Prior clinical experience None (all newly graduated) None (all newly graduated) - 

Note. Data are presented as number (%) for categorical variables. *P values from chi-square tests for categorical variables. COER, 
Customized Assessment, Organized Collaborative Discussion, Embedded Evaluation, and Reflective Debriefing. 
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Table 2. Multivariable linear regression analysis of factors associated with post-training examination scores. 

Variable β coefficient 95% CI P value 

COER intervention (vs. conventional) 7.56 5.22 - 9.90 <0.001 

Gender (female vs. male) 0.95 −0.88 - 2.78 0.309 

Specialty (reference: Pediatrics)   0.438* 

Note. Dependent variable = post-training examination score (0 - 100). Model adjusted R2 = 0.38. CI, confidence interval; COER, 
Customized Assessment, Organized Collaborative Discussion, Embedded Evaluation, and Reflective Debriefing. †Overall P value 
for specialty as a categorical variable. 

 
Table 3. Comparison of training characteristics between the conventional and COER cohorts. 

Characteristic 2025 cohort 2026 cohort P  

Training model Conventional training COER-based training  

Participants 160 60  

Training completion 158/160 (98.75%) 60/60 (100%) 0.578 

Core curriculum Medical safety; clinical assessment; clinical management Same  

Faculty team Same Same  

Assessment content Same Same  

Evaluation approach Summative assessment Process + outcome-based assessment  

3.2. Multivariable Regression Analysis 

Multivariable linear regression was performed to evaluate the independent asso-
ciation between the COER intervention and post-training examination perfor-
mance after adjusting for baseline covariates (Table 2). After controlling for gen-
der and specialty, COER intervention remained significantly associated with 
higher examination scores (β = 7.56, 95% CI: 5.22 - 9.90, P < 0.001). Neither gen-
der nor specialty was significantly associated with examination scores in the ad-
justed model. The model explained approximately 38% of the variance in post-
training examination scores (adjusted R2 = 0.38). 

3.3. Comparison of Overall Training Outcomes between Cohorts 

The overall training outcomes between the conventional and COER cohorts are 
summarized in Table 4 and illustrated in Figure 2. 

Both cohorts demonstrated high completion and examination pass rates. The 
examination pass rate was comparable between the COER cohort and the con-
ventional cohort (100.0% vs. 98.75%, P = 0.578), indicating that both training 
approaches were able to achieve the predefined minimum competency require-
ment. 

However, participants receiving the COER-based training framework achieved 
significantly higher overall examination scores compared with those receiving 
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conventional training. The mean examination score was 88.92 ± 6.89 in the 
COER cohort compared with 81.44 ± 5.42 in the conventional cohort (Welch’s 
t = 7.57, P < 0.001), with a large standardized effect size (Cohen’s d = 1.28), 
demonstrating a substantial difference in overall learning performance be-
tween cohorts. 

Competency-related assessments revealed different patterns across domains. 
The accuracy of high-risk scenario recognition was higher in the COER cohort 
than in the conventional cohort (75.83% vs. 71.09%), although the difference did 
not reach statistical significance (P = 0.188). In contrast, case-based clinical judg-
ment accuracy was significantly improved in the COER cohort compared with the 
conventional cohort (85.0% vs. 77.13%, P < 0.001). 

These findings indicate that the COER framework was associated with im-
proved overall examination performance and enhanced case-based clinical rea-
soning ability, while general high-risk scenario recognition performance re-
mained comparable between cohorts. 
 

Table 4. Comparison of training outcomes between conventional and COER cohorts. 

Outcome measure 
Conventional cohort  

(2025, n = 160) 
COER cohort  
(2026, n = 60) 

Statistical test P value Effect size 

Training completion rate 160/160 (100%) 60/60 (100%)  — — 

Examination pass rate 158/160 (98.75%) 60/60 (100%) Fisher’s exact test 0.578 φ=0.059 

Mean examination score, mean ± SD 81.44 ± 5.42 88.92 ± 6.89 Welch’s t = 7.57 <0.001 Cohen’s d = 1.28 

High-risk scenario recognition accuracy 455/640 (71.09%) 182/240 (75.83%) χ2/Fisher’s exact test† 0.188 φ = 0.044 

Case-based clinical judgment accuracy 1234/1600 (77.13%) 510/600 (85.0%) χ2/Fisher’s exact test† <0.001 φ = 0.085 

Note: Data are presented as mean ± standard deviation (SD) for continuous variables and as number/total number (%) for 
categorical variables. Between-group differences in examination scores were assessed using Welch’s t-test, and Cohen’s d was 
calculated as the standardized effect size. Categorical outcomes were compared using Fisher’s exact test, with the phi coefficient 
(φ) reported as the corresponding effect size. All tests were two-sided, and P < 0.05 was considered statistically significant. COER, 
Customized Assessment, Organized Collaborative Discussion, Embedded Evaluation, and Reflective Debriefing; SD, standard 
deviation. 

3.4. Competency Profile Assessed Using the Learning Analytics  
Dashboard 

The Learning Analytics Dashboard was used to generate a multidimensional com-
petency profile for participants in the COER cohort. All five predefined compe-
tency domains exceeded the competency threshold of 0.80 (Table 5 and Figure 
2(D)). 

Among the evaluated domains, triage concepts demonstrated the highest com-
petency score (0.95), followed by ABC assessment (0.92) and emergency decision-
making (0.91). PAT recognition achieved a score of 0.89, whereas case judgment 
showed the lowest competency score (0.85), although it remained above the pre-
defined threshold. 
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The resulting competency profile demonstrated generally high attainment 
across the five assessed domains while revealing variation in relative performance. 
In particular, the comparatively lower scores for case judgment and PAT recogni-
tion identified these domains as potential priorities for further educational rein-
forcement. 

 

 
(A) Comparison of mean examination scores between the conventional training cohort (2025) and the COER training cohort (2026). 
The COER cohort achieved significantly higher examination scores, with a large effect size (Cohen’s d = 1.28). (B) Comparison of 
key competency-related outcomes between cohorts, including examination pass rate, high-risk scenario recognition accuracy, and 
case-based clinical judgment accuracy. No significant difference was observed in pass rate or high-risk scenario recognition accu-
racy, whereas case-based clinical judgment performance was significantly improved in the COER cohort. (C) Competency profile 
of the COER cohort generated by the Learning Analytics Dashboard. Five competency domains were evaluated, including triage 
concepts, ABC assessment, emergency decision-making, Pediatric Assessment Triangle (PAT) recognition, and case judgment. All 
competency domains exceeded the predefined threshold of 0.80. (D) Conceptual framework illustrating how the COER model in-
tegrates Customized Assessment, Organized Collaborative Discussion, Embedded Evaluation, and Reflective Debriefing with learn-
ing analytics to establish a continuous competency development cycle. 

Figure 2. Overview of training outcomes and competency profile associated with the COER framework. 
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Table 5. Competency profile of the COER cohort generated by the Learning Analytics 
Dashboard. 

Competency domain Score 

Triage concepts 0.95 

ABC assessment 0.92 

Emergency decision-making 0.91 

PAT recognition 0.89 

Case judgment 0.85 

Note: Competency scores were standardized on a scale from 0 to 1, with higher scores in-
dicating greater competency attainment. A predefined score of ≥ 0.80 was considered 
achievement of the expected competency threshold. PAT, Pediatric Assessment Triangle; 
COER, Customized Assessment, Organized Collaborative Discussion, Embedded Evalua-
tion, and Reflective Debriefing. 

3.5. Mixed-Effects Item-Level Analysis and Adjusted P-Values 

Item-level analyses were performed using mixed-effects logistic regression models 
with participant-level random intercepts to account for the clustering of responses 
within individuals (Figure 1). Among the four high-risk scenario questions (Q4, 
Q16, Q18, and Q20), substantial variation was observed across individual items 
(Figure 1(A)). Although overall high-risk scenario recognition accuracy did not 
differ significantly between the COER and conventional cohorts (75.83% vs. 
71.09%, P = 0.188), item-level mixed-effects analysis revealed heterogeneous be-
tween-cohort patterns. The Benjamini-Hochberg adjusted q-values were 0.082 for 
Q4 (OR = 1.72, 95% CI: 1.08 - 2.74, raw P = 0.022), 0.342 for Q16 (P = 0.107), 
0.126 for Q18 (P = 0.038), and 0.684 for Q20 (P = 0.412), indicating that only Q4 
remained significant after FDR adjustment. 

Item-level analysis of the ten case-based clinical judgment questions similarly re-
vealed variation across individual scenarios (Figure 1(B)). The COER cohort 
achieved higher overall case-based clinical judgment accuracy than the conventional 
cohort (85.0% vs. 77.13%, P < 0.001). Mixed-effects analysis showed significant be-
tween-cohort differences for seven of the ten items. After Benjamini–Hochberg ad-
justment, six items (Q3, Q5, Q7, Q8, Q10, Q11) retained significance with q-values 
< 0.10, while one item (Q9, raw P = 0.027, q = 0.104) fell just above the threshold. 
The heatmap identified both areas of stronger performance and scenarios in which 
lower accuracy persisted, providing a more granular characterization of remaining 
learning needs. 

Together, these item-level analyses complemented the overall outcome and com-
petency-profile assessments by identifying specific areas in which performance re-
mained heterogeneous, with p-values appropriately adjusted to control for false dis-
covery rate. Such granular information provided an empirical basis for prioritizing 
subsequent targeted educational reinforcement. 
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4. Discussion 
4.1. Principal Findings 

In this quasi-experimental study, implementation of the COER framework was 
associated with better overall performance in hospital orientation training and, 
more importantly, with stronger case-based clinical judgment among newly ap-
pointed physicians. Although examination pass rates and overall high-risk sce-
nario recognition did not differ significantly between cohorts, participants receiv-
ing COER-based training achieved higher overall examination scores and better 
performance on case-based clinical judgment assessments. Multivariable regres-
sion confirmed that the COER intervention remained significantly associated with 
improved examination performance even after adjusting for gender and specialty. 
Beyond these conventional outcome measures, integration of the Learning Ana-
lytics Dashboard provided a multidimensional view of competency attainment 
and revealed variation across competency domains and individual assessment 
items. Mixed-effects modeling of item-level data, with p-values adjusted using the 
Benjamini–Hochberg method, confirmed that several case-based judgment items 
showed significant between-cohort differences after accounting for within-partic-
ipant clustering and multiple comparisons. 

Collectively, these findings suggest that the potential value of COER extends 
beyond improving examination performance. By integrating customized assess-
ment, collaborative case-based learning, formative evaluation, structured reflec-
tion, and learning analytics, the framework aligns with the broader principles of 
competency-based medical education, which emphasize progression toward de-
monstrable abilities, learner-centered development, and continuous assessment 
rather than knowledge acquisition alone (Frank et al., 2010; Van Melle et al., 
2019). Case-based learning may further facilitate the integration of knowledge 
with authentic clinical problems and clinical reasoning (Thistlethwaite et al., 
2012), while structured debriefing and reflection provide opportunities to exam-
ine decision-making processes and translate experience into subsequent action 
(Duff et al., 2024). 

4.2. From Knowledge-Oriented Orientation to Competency  
Development 

A central finding of this study was that the difference between the two training 
approaches was more apparent in overall examination performance and case-
based clinical judgment than in examination pass rates. This distinction is educa-
tionally important. Conventional orientation programs commonly emphasize 
standardized knowledge delivery and summative assessment, whereas compe-
tency-based medical education (CBME) shifts the focus toward the progressive 
development and demonstration of abilities required for professional practice 
(Frank et al., 2010; Van Melle et al., 2019). From this perspective, achieving a pass-
ing score represents only a minimum educational threshold and may provide lim-
ited information regarding a learner’s ability to integrate clinical information, rec-
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ognize contextual risks, and make appropriate decisions in complex situations. 
The higher case-based clinical judgment performance observed in the COER 

cohort is therefore particularly relevant to the competency-oriented purpose of 
the intervention. Case-based learning situates knowledge within authentic or rep-
resentative clinical problems and requires learners to interpret information, pri-
oritize relevant findings, consider alternative actions, and justify clinical decisions. 
A BEME systematic review identified case-based learning as a potentially valuable 
approach for linking theory with clinical practice in health professions education 
(Thistlethwaite et al., 2012). More recently, a systematic review and meta-analysis 
comparing combined case-based/problem-based learning with lecture-based in-
struction reported advantages in theoretical performance, practical skills, and 
clinical thinking, although heterogeneity among the included studies warrants 
cautious interpretation (Lu et al., 2026). These findings provide a plausible edu-
cational context for the pattern observed in our study, in which COER was asso-
ciated with stronger case-based judgment despite no significant between-cohort 
difference in overall high-risk scenario recognition. 

The COER framework may support this transition by requiring learners not 
merely to select a correct response but to articulate why a decision is appropri-
ate, identify the information supporting that decision, consider alternative strat-
egies, and subsequently reflect on the reasoning process. Such activities are con-
sistent with the broader CBME emphasis on developmental progression, mean-
ingful assessment, and feedback-informed learning (Frank et al., 2010; Van 
Melle et al., 2019). Nevertheless, because COER was implemented as a multi-
component intervention, the present study cannot determine whether collabo-
rative case discussion, embedded formative evaluation, reflective debriefing, or 
their interaction was primarily responsible for the observed differences. The 
findings should therefore be interpreted as evidence associated with the inte-
grated COER framework rather than as proof of the independent effectiveness 
of any single component. 

4.3. Learning Analytics as a Bridge from Assessment to Targeted  
Education 

An additional contribution of the present study lies in the integration of learning 
analytics with competency-oriented training. Conventional evaluation of hospital 
orientation programs often relies on aggregate indicators such as examination 
scores and pass rates, which are useful for determining whether minimum learn-
ing requirements have been achieved but provide limited insight into the structure 
of learners’ competencies or the specific areas in which further development is 
required. Learning analytics offers a complementary approach by transforming 
multidimensional educational data into interpretable information that can sup-
port learner performance analysis, formative feedback, learning outcome assess-
ment, and curriculum refinement (Toofaninejad et al., 2025). Recent evidence 
from medical education similarly suggests that learning analytics is increasingly 
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being used to identify performance patterns, support learners, and inform educa-
tional decision-making, although its implementation remains heterogeneous 
across settings (Toofaninejad et al., 2025). 

In the present study, the Learning Analytics Dashboard extended assessment 
beyond aggregate examination outcomes by integrating domain-level compe-
tency scores and item-level performance. This approach made it possible to dis-
tinguish areas of relatively strong competency attainment from domains requir-
ing further reinforcement. This approach also parallels the emerging shift from 
isolated, high-stakes assessment toward programmatic assessment, in which 
multiple assessment data points are integrated over time to provide a more com-
prehensive representation of learner competence and to generate meaningful 
feedback for subsequent learning (So et al., 2026). Importantly, item-level anal-
ysis using mixed-effects models also demonstrated that similar aggregate per-
formance could conceal substantial heterogeneity across individual clinical sce-
narios, and the application of Benjamini–Hochberg adjustment ensured that 
findings were not driven by multiple comparisons. Such granularity may be par-
ticularly relevant to competency-based education, in which the educational ob-
jective is not simply to determine whether a learner has passed an examination, 
but to identify where further learning, feedback, and deliberate practice should 
be directed. 

Accordingly, we conceptualize learning analytics not as an independent educa-
tional intervention, but as a feedback infrastructure connecting assessment with 
subsequent educational action. Within the proposed COER framework, educa-
tional activities generate multidimensional learning data; these data are subse-
quently translated into competency profiles and learning-gap information; and 
the resulting information can then guide targeted reinforcement and modification 
of subsequent training. This creates an iterative pathway of identifying learning 
needs → implementing training → evaluating competency → identifying residual 
gaps → refining subsequent education, as illustrated in Figure 3. In this model, the 
value of learning analytics lies less in the dashboard itself than in its capacity to 
make otherwise hidden learning needs visible and actionable. 

This distinction is important because current evidence does not demonstrate 
that learning analytics dashboards consistently improve academic achievement 
when used as stand-alone interventions. A systematic review of 38 studies found 
predominantly negligible or small effects of learning analytics dashboards on aca-
demic achievement, while effects on learner participation appeared more favora-
ble; methodological limitations, including small samples, self-selection, and in-
consistent outcome measures, were common (Macnamara & Burgoyne, 2023). 
Therefore, the higher examination and case-based judgment performance ob-
served in the COER cohort should not be attributed independently to the 
Learning Analytics Dashboard. Rather, the dashboard should be interpreted as 
one component of an integrated educational framework that supports compe-
tency profiling, gap identification, and feedback-informed educational refine-
ment. 
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The COER framework integrates competency-based medical education principles with a data-driven learning analytics system to 
establish a continuous competency development pathway. The training process consists of four sequential components: Customized 
Assessment, Organized Collaborative Discussion, Embedded Evaluation, and Reflective Debriefing. Customized Assessment iden-
tifies baseline competency levels and individual learning needs. Organized Collaborative Discussion promotes interdisciplinary 
communication, case-based reasoning, and collaborative problem-solving. Embedded Evaluation incorporates continuous forma-
tive assessment and real-time feedback throughout the learning process. Reflective Debriefing facilitates structured reflection, error 
analysis, experience integration, and action planning. Educational data generated during the training process, including assessment 
results, item-level performance, participation records, discussion outcomes, and reflection reports, are integrated through the Learn-
ing Analytics Dashboard. The dashboard enables competency profiling, learning-gap identification, and generation of targeted ed-
ucational recommendations. This feedback loop supports a continuous competency development cycle of identify needs → imple-
ment training → evaluate outcomes → improve and adjust, ultimately promoting clinical reasoning, risk recognition, decision-mak-
ing ability, and patient safety-oriented professional development. 

Figure 3. Conceptual framework of the COER training model integrated with Learning Analytics Dashboard. 

4.4. Interpretation of Heterogeneous Competency Outcomes 

An important finding of this study was that the observed differences were not 
uniform across competency-related outcomes. While case-based clinical judg-
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ment accuracy was higher in the COER cohort, overall high-risk scenario recog-
nition accuracy did not differ significantly between cohorts. This heterogeneity is 
educationally plausible because recognition of a high-risk clinical cue and formu-
lation of an appropriate clinical judgment represent related but distinct levels of 
performance. Recognition tasks may depend more heavily on identifying prede-
fined warning signs, whereas case-based judgment requires integration of multi-
ple clinical cues, prioritization of competing information, and selection of an ap-
propriate course of action. Competency-based assessment increasingly empha-
sizes the need to evaluate such integrated performance rather than relying exclu-
sively on knowledge-based or isolated task measures (Frank, et al., 2010; So et al., 
2026; Pardo et al., 2026). Entrustable professional activities have similarly been 
proposed as a means of bridging abstract competencies with observable clinical 
tasks, including recognition and initial management of patients requiring urgent 
or emergent care (Pardo et al., 2026). 

Several factors may have contributed to the absence of a statistically significant 
difference in overall high-risk scenario recognition. First, baseline performance in 
this domain was already relatively high in the conventional cohort, potentially 
limiting the magnitude of detectable improvement. Second, the high-risk recog-
nition measure comprised only four assessment items, which may have provided 
less measurement precision than the broader case-based judgment assessment. 
Third, item-level analysis demonstrated heterogeneous performance across indi-
vidual high-risk scenarios, suggesting that aggregation into a single accuracy 
measure may obscure scenario-specific strengths and weaknesses. Accordingly, 
the nonsignificant overall result should not be interpreted as evidence of equiva-
lence between training approaches; rather, it indicates that the present assessment 
did not demonstrate a statistically detectable between-cohort difference in this 
specific outcome. 

The stronger difference observed in case-based clinical judgment may reflect 
greater alignment between this outcome and the active learning processes embed-
ded within COER. Collaborative case discussion requires learners to interpret 
clinical information, justify decisions, consider alternative strategies, and respond 
to feedback, while reflective debriefing encourages subsequent examination of the 
reasoning process. These activities more closely resemble integrated clinical rea-
soning than isolated recognition of individual warning signs. Contemporary 
competency-based approaches similarly seek to connect theoretical competen-
cies with observable performance in clinically meaningful tasks, although trans-
lating educational assessment into real-world clinical competence remains chal-
lenging (Schuwirth & Van der Vleuten, 2011; Pardo et al., 2026). 

These findings also highlight the importance of avoiding reliance on a single 
educational outcome. Examination scores, pass rates, domain-level competency 
scores, and item-level performance provide different but complementary infor-
mation. In the present study, the combination of these measures revealed a more 
nuanced pattern than any single indicator alone: overall learning performance was 
higher in the COER cohort, case-based judgment showed a clear between-cohort 
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difference, high-risk recognition remained statistically comparable at the aggre-
gate level, and item-level analyses identified residual areas for reinforcement (Van 
Melle et al., 2019). Such multidimensional assessment is consistent with the 
broader principle that competency development should be evaluated through 
multiple sources of evidence rather than inferred from a single examination result 
(Schuwirth & Van der Vleuten, 2011). 

The present study evaluated immediate educational outcomes following the 
orientation training period. Whether these observed improvements in knowledge 
and case-based judgment translate into sustained competency in actual clinical 
practice remains unknown. Acknowledging this limitation, we outline below the 
institutional framework for measuring subsequent clinical performance in future 
curriculum iterations, as direct long-term clinical data were not available for the 
current analysis. 

The theoretical framework for longitudinal assessment is grounded in the prin-
ciples of programmatic assessment and workplace-based evaluation (Schuwirth & 
Van der Vleuten, 2011; So et al., 2026). First, a structured workplace-based assess-
ment (WBA) system will be implemented, incorporating direct observation of 
clinical performance by trained preceptors using standardized encounter cards. 
These assessments will focus on the five competency domains identified in the 
COER framework—triage concepts, ABC assessment, emergency decision-mak-
ing, PAT recognition, and case judgment—and will be conducted at 1, 3, and 6 
months post-orientation to evaluate retention and clinical application. Second, 
Objective Structured Clinical Examinations (OSCEs) will be integrated into the 6-
month post-orientation assessment cycle. OSCE stations will simulate high-risk 
clinical scenarios requiring integrated clinical reasoning, risk recognition, and de-
cision-making, thereby providing a controlled environment to assess transfer of 
training to clinically meaningful tasks. Third, an incident reporting and clinical 
event tracking system will be utilized to monitor real-world performance indica-
tors, including recognition of deteriorating patients, appropriate escalation of 
care, and adherence to safety protocols. These event-based data will be aggregated 
at the institutional level to identify patterns and areas for targeted quality im-
provement. 

This three-pronged approach—combining workplace-based observation, sim-
ulated performance assessment, and clinical event tracking—is designed to pro-
vide a comprehensive, longitudinal evidence base for evaluating whether COER-
associated educational gains translate into improved clinical practice and patient 
safety outcomes. Future studies will report findings from this longitudinal frame-
work to address the critical question of educational transfer to the workplace. 

4.5. Strengths and Limitations 

This study has several strengths. COER was implemented in a real-world hospital 
orientation program while the core curriculum, teaching faculty, and assessment 
standards were maintained across cohorts, supporting the practical relevance of 
the comparison. In addition, evaluation extended beyond conventional examina-
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tion scores and pass rates to include competency profiling and item-level analysis. 
Multivariable regression and mixed-effects modeling with Benjamini–Hochberg 
adjustment provided robust statistical inference accounting for baseline covariates 
and within-participant clustering. This multidimensional approach is consistent 
with programmatic assessment principles that integrate multiple sources of evi-
dence to support competency development (Schuwirth & Van der Vleuten, 2011). 
The Learning Analytics Dashboard further translated assessment data into inter-
pretable competency profiles and learning gaps, providing a basis for targeted ed-
ucational reinforcement (Toofaninejad et al., 2025; Chan et al., 2018). 

Several limitations should be acknowledged. First, this was a single-center, non-
randomized quasi-experimental study using consecutive annual cohorts of une-
qual size; therefore, unmeasured baseline differences and temporal factors cannot 
be excluded, and the findings should be interpreted as associations rather than 
definitive causal effects. Second, the institutionally developed assessment instru-
ments were not externally validated, although the psychometric properties re-
ported in the dedicated validation subsection (Cronbach’s alpha 0.79 - 0.87, I-CVI 
≥ 0.78, S-CVI/Ave = 0.92, ICC 0.76 - 0.85, Cohen’s κ = 0.82) support their internal 
validity and reliability. Moreover, item-level analyses included repeated responses 
from individual participants, but mixed-effects models with random intercepts 
appropriately accounted for within-participant correlation, and Benjamini–
Hochberg adjustment controlled for false discovery rate. Third, we did not collect 
baseline knowledge scores prior to training; therefore, we cannot completely ex-
clude the possibility that pre-existing differences in baseline knowledge between 
cohorts may have influenced the observed outcomes. Future studies should incor-
porate pre-training knowledge assessments to enable more precise adjustment for 
this potential confounder. Fourth, only immediate educational outcomes were 
evaluated; whether the observed differences persist over time or translate into 
workplace performance and clinically meaningful outcomes remains unknown. 
We have outlined a theoretical framework for longitudinal workplace-based as-
sessment, OSCE, and clinical event tracking to be implemented in future curricu-
lum iterations. Fifth, because COER was implemented as a multicomponent in-
tervention, the independentcontributions of its individual components could not 
be determined. Prospective multicenter studies incorporating validated assess-
ments, participant-level longitudinal analyses, and workplace-based outcomes are 
warranted. 

4.6. Implications and Future Directions 

The findings support a shift in hospital orientation training from standardized 
knowledge delivery toward competency-oriented and data-informed education. 
By combining individualized needs assessment, collaborative case discussion, 
formative evaluation, and reflective debriefing, COER provides a structured ap-
proach for linking assessment with subsequent learning, consistent with compe-
tency-based and programmatic assessment principles (Frank et al., 2010; Van 
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Melle et al., 2019; Schuwirth & Van der Vleuten, 2011; So et al., 2026). Integration 
of learning analytics further enables domain- and item-level performance data to 
be translated into identifiable learning gaps and targeted educational reinforce-
ment, creating an iterative cycle of assessment → competency profiling → gap iden-
tification → targeted improvement (Figure 3) (Toofaninejad et al., 2025; Chan et 
al., 2018; Thoma et al., 2021). 

Future studies should determine whether these educational gains are reproduc-
ible across institutions and sustained in clinical practice. Prospective multicenter 
studies incorporating validated competency measures, longitudinal workplace-
based assessments, and clinically meaningful performance indicators are needed 
to establish whether COER-related improvements translate into safer and more 
effective clinical practice. The longitudinal assessment framework described 
above—integrating WBA, OSCEs, and incident tracking—will be implemented to 
evaluate medium- and long-term outcomes in subsequent cohorts. Additionally, 
future studies should include baseline knowledge assessments prior to training to 
permit more precise adjustment for pre-existing differences in learner knowledge. 
Until such evidence is available, COER should be regarded as a promising frame-
work for competency-oriented hospital orientation and continuous educational 
improvement rather than a validated strategy for improving clinical outcomes 
(Rich et al., 2022). 

It is important to explicitly acknowledge that the COER framework is inher-
ently integrative. The intervention combines Customized Assessment, Organized 
Collaborative Discussion, Embedded Evaluation, and Reflective Debriefing within 
a single educational package, in addition to the Learning Analytics Dashboard that 
provides feedback and competency visualization. Consequently, this study cannot 
determine which specific component—or which interaction among compo-
nents—was primarily responsible for the observed improvements in case-based 
clinical judgment and overall examination performance. 

The integrated design was intentional: COER was conceptualized as a coherent 
educational system rather than a collection of independent teaching techniques. 
Customized Assessment identifies learning needs that subsequently inform case 
selection for Organized Collaborative Discussion; Embedded Evaluation gener-
ates performance data that are visualized through the dashboard and discussed 
during Reflective Debriefing; and Debriefing outputs, in turn, guide reinforce-
ment of customized assessments in subsequent cycles. This interdependence 
means that isolating the effect of any single component would not only be meth-
odologically challenging but also educationally artificial, as the components are 
designed to function synergistically. Nevertheless, this integrative nature has im-
portant implications for interpretation and generalization. First, the observed ef-
fects should be attributed to the COER framework as a whole rather than to any 
isolated element. Second, institutions seeking to replicate these findings should 
implement COER as a complete package rather than selecting individual compo-
nents in isolation, as the educational mechanisms may depend on the interaction 
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between components. Third, future research employing component-wise designs 
(e.g., factorial or sequential multiple assignment randomized trials) may help dis-
entangle the relative contributions of each element and identify which compo-
nents are essential or substitutable in different educational contexts. Until such 
evidence accumulates, the COER framework should be considered a synergistic 
educational model whose effectiveness has been demonstrated at the package level 
rather than at the component level. 

5. Conclusions 

The COER framework was associated with higher overall examination perfor-
mance and stronger case-based clinical judgment among newly appointed physi-
cians compared with conventional hospital orientation training. By integrating 
competency-oriented training with learning analytics, COER enabled multidi-
mensional competency profiling and identification of specific learning gaps, sup-
porting targeted educational reinforcement beyond conventional summative as-
sessment. Multivariable regression confirmed the independent association of 
COER with improved performance after controlling for gender and specialty. 
Mixed-effects item-level analysis with Benjamini–Hochberg adjustment provided 
robust evidence for between-cohort differences in case-based judgment, account-
ing for within-participant clustering and multiple comparisons. These findings 
support the potential value of COER as a data-informed approach to hospital ori-
entation training. Further multicenter prospective studies incorporating longitu-
dinal and workplace-based assessments are needed to determine whether these 
educational gains are sustained and translate into improved clinical performance. 
The theoretical framework for longitudinal evaluation—incorporating WBA, OS-
CEs, and clinical event tracking—has been established for future implementation 
to address this evidence gap. 
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