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Background: Insufficient cognitive reflection in medical trainees and early-career physicians is a root cause of diagnostic errors, yet
research on enhancing cognitive reflection in complex surgical settings remains limited. This study aimed to evaluate whether an
integrated evidence-based medicine, case-based learning, and problem-based learning (EBM—CBL-PBL) teaching model can improve
cognitive reflection.

Methods: A two-phase design was employed. Cognitive reflection was assessed using the Cognitive Reflection Test (CRT).
A generalized linear mixed model analyzed associations between sex, clinical experience, and CRT performance. In the intervention
phase, trainees were randomized to traditional teaching (n = 18) or an EBM—CBL-PBL group (n = 18). CRT response patterns
(intuitive vs. reflective) and teaching satisfaction were compared between groups.

Results: 41.18% of medical trainees exhibited an “All-Reflective” response, whereas 11.76% exhibited an “All-Intuitive” response;
among resident physicians, the corresponding rates were 51.85% and 14.81%, and among attending/consulting physicians, they were
57.14% and 8.57%, respectively. No significant overall gender difference was observed (P > 0.05); however, senior female physicians
demonstrated significantly stronger analytical thinking (odds ratio [OR] = 5.92, P = 0.005). The “All-Reflective” response rate in the
EBM-CBL-PBL group (61.11%) was significantly higher than that in the traditional teaching group (44.44%), with an OR of 3.39 (P =
0.003); furthermore, teaching satisfaction improved significantly in the EBM—CBL-PBL group (P < 0.001).

Conclusion: Cognitive reflection ability improves with increasing clinical experience in clinical practice, with senior female
physicians demonstrating the most pronounced enhancement. The integrated EBM—CBL-PBL teaching model adopted in the surgical
field shows promise for fostering cognitive reflection. Sustained educational exposure and long-term clinical practice appear essential
for consolidating these cognitive gains.

Keywords: cognitive reflection test, clinical reasoning, medical education, generalized linear mixed model, dual-process theory

Introduction
The clinical clerkship phase represents a pivotal stage in medical education, where students transition from theoretical
learning to real-world patient care and begin developing diagnostic reasoning. Accurate diagnosis enables timely testing
and treatment, underpinning effective disease management and patient safety. Central to this process is clinical reasoning:
the cognitive ability to collect and interpret patient information, generate differential diagnoses, and make informed
management decisions.'

Diagnostic decision-making involves two complementary thinking modes according to dual-process theory: intuitive
(System 1) and analytical (System 2).> Intuitive thinking is rapid, automatic, and pattern-based, well suited for routine
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or time-pressured situations but prone to cognitive and emotional biases. Cognitive reflection is deliberate, effortful, and
rule-based, advantageous in complex or unfamiliar cases. Clinicians shift between modes depending on case difficulty,
expertise, and confidence. Evidence suggests that novice clinicians tend to rely disproportionately on intuitive reasoning.*
Approximately 75% of diagnostic errors have been attributed to deficiencies in clinical reasoning, including insufficient
knowledge, incomplete data gathering, and inadequate hypothesis testing.” However, the traditional view that novices
rely heavily on intuition while experts primarily engage in analysis has been challenged.® Diagnostic errors do stem from
reasoning deficiencies, but these often reflect a lack of available knowledge rather than fundamental flaws in the
reasoning process itself. The two modes of reasoning—intuition and analysis—should be seen less as independent
processes and more as consequences of retrieved knowledge.” Experts develop efficient pattern recognition from rich
illness scripts, yet continue analytic reasoning when presentations are unfamiliar;® neuroimaging shows that expertise
enhances rather than diminishes intuitive processing.” Thus, clinical reasoning develops as a progressive calibration
between intuition and analysis, mediated by deliberate practice — not a linear shift.

Despite growing attention to patient safety, clinical reasoning is not consistently an explicit educational objective;
many assume it develops naturally through experience.'®'? However, systematic reviews have demonstrated that
instructional strategies explicitly integrating both analytical and non-analytical reasoning significantly improve diagnostic
accuracy.'>'* Deeper understanding of cognitive patterns and reasoning pitfalls is therefore essential for optimising
training and educational design.

The CRT is a brief, three-item scale that measures an individual’s ability to override intuitive (System 1) responses and
engage Cognitive reflection (System 2).'> As measured by the CRT, cognitive reflection is a validated indicator of System 2
(analytical) thinking within the dual-process framework.* Standard CRT scoring distinguishes intuitive from reflective
responses, and accumulating evidence suggests that the CRT predominantly measures reflective analytical reasoning
capacity.'® Studies in early-stage clinical learners indicate that, although increasing expertise is associated with more efficient
and automated Cognitive reflection, novices require structured training to deliberately strengthen this ability.'” However,
surgical clinical reasoning is deeply embedded in domain-specific knowledge structures, including contextual awareness,
procedural experience, anatomical visuospatial judgment, and tactile feedback. Patel et al found that clinicians rely on their
own domain knowledge for diagnosis, and diagnostic accuracy declines significantly when they step outside their specialty.'®

To address this gap, medical education has introduced “cognitive forcing strategies”, such as guided reflection—
effectively improve diagnostic accuracy.'*?° The integrated EBM—CBL-PBL model acts as cognitive debiasing training: it
requires students to construct differential diagnoses, reflect on assumptions, and appraise evidence, thereby reducing
anchoring bias and premature closure.”’ % In surgical education, this model strengthens analytical ability and decision
stability in complex clinical situations through case reasoning and evidence-based reflection. The “expert-novice paradox”
suggests that while increased experience enhances pattern recognition efficiency, it may also lead experts to over-rely on
intuition and increase the risk of cognitive bias; novices, in contrast, rely more on explicit analytical processes.>* Therefore,
it is crucial to establish reflective thinking and cognitive debiasing skills early in clinical training. The EBM—CBL-PBL
integrated teaching model can serve as a specific cognitive forcing function, structurally pushing learners to go beyond their
first intuition, verify and correct initial judgments, thereby consolidating reflective decision-making ability in early-career
physicians.**

The present study aims to evaluate the performance of intuitive (System 1) and Cognitive reflection (System 2) across
different stages of clinical training using the CRT. In addition, we assess the impact of an integrated EBM—CBL-PBL
teaching model on clinical interns’ decision-making abilities. By analyzing trends across training levels and exploring
potential sex-based differences in cognitive processing, we sought to provide evidence-based insights to inform educa-
tional strategies for strengthening clinical reasoning and improving diagnostic accuracy in medical education.

Material and Methods
Study Design and Participants

This study adopted a two-phase design to investigate cognitive characteristics and educational interventions in medical
training at the first hospital of Anhui university of science and technology. The study population comprised medical
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students undertaking clinical clerkships and hospital- employed clinicians at different career stages. Data collection was
conducted between September and December 2024(Supplementary Figure 1).

Phase |: Cross-Sectional Assessment of Cognitive Reflection
In Phase I, a total of 200 questionnaires were distributed, of which 93 were completed and included in the final analysis.
Participants consisted of 34 clinical trainees (22 males and 12 females; mean age, 22.09 + 1.62 years), 27 resident
physicians (16 males and 11 females; mean age, 28.41 + 2.12 years), 21 attending physicians (12 males and 9 females;
mean age, 32.57 + 3.03 years), and 11 consultant-level physicians (5 males and 6 females; mean age, 51.29 + 8.82 years).
Participants voluntarily completed the CRT via questionnaires distributed by short message service (SMS).
Completion of the questionnaire was considered to imply informed consent, and all responses were collected anon-
ymously. Eligibility criteria included a minimum of two years of clinical practice for clinicians or active participation in
clinical placements for students. Individuals with prior exposure to the CRT or unexplained absenteeism during the study
period were excluded. Ethical approval for the study was obtained from the Ethics Committee of the First Affiliated
Hospital of Anhui University of Science and Technology.

Phase II: Educational Intervention Study

In Phase II, 36 general surgery trainees (21 males and 15 females; mean age, 21.72 + 1.04 years) were enrolled in
a randomized educational intervention. Participants were allocated using a random number table method to either
a conventional teaching group or an integrated EBM—CBL-PBL teaching group. The conventional group underwent
standard case-based teaching throughout the entire period, whereas the EBM—CBL-PBL group replaced some passive or
repetitive elements with structured small-group evidence appraisal and reflective exercises. Following completion of the
instructional program, participants received an SMS link to complete both the CRT questionnaire and a teaching
satisfaction survey.

Teaching Methods

Conventional Teaching Group

The conventional teaching group followed the standard clinical teaching curriculum. Instructors selected representative
cases from hospitalized patients and guided students through bedside learning activities. Teaching focused on disease
etiology, pathogenesis, diagnostic approaches, and treatment principles. Students were encouraged to integrate theoretical
knowledge with clinical practice to gradually develop clinical reasoning and problem-solving skills. The total instruc-
tional time for this group was 18 credit hours.

EBM—CBL-PBL Integrated Teaching Group

The EBM-CBL-PBL integrated teaching group incorporated principles of evidence-based medicine (EBM), case-based
learning (CBL), and problem-based learning (PBL). Instructors designed open-ended questions based on selected CBL
cases, addressing disease etiology, pathogenesis, differential diagnosis, treatment strategies, and prevention. Common but
initially missing positive clinical signs and investigation results were deliberately supplemented to stimulate diagnostic
reasoning. Students worked in small groups to search and appraise relevant literature using textbooks and the “5S” pyramid
model of evidence-based medicine.? The literature search followed a structured EBM evidence pathway, progressing from
systematic reviews to clinical guidelines. Each teaching cycle concluded with group discussions and student presentations
(Supplementary Appendix 1). The total instructional duration for this group was also 18 credit hours.

Questionnaires
Cognitive Reflection Test (CRT)

Cognitive reflective ability was assessed using an internationally validated three-item Cognitive Reflection Test admi-
nistered via a QR-code—based electronic survey (Supplementary Figure 2). Each item elicited an intuitive but incorrect

response and a reflective, analytical correct response (Table S1).
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Teaching Satisfaction Survey

Teaching satisfaction was evaluated within 24 hours after the intervention using a Likert-scale questionnaire.”® Students
rated five domains: overall satisfaction with the teaching method, depth of content comprehension, proactive learning
engagement, teacher—student interaction, and classroom atmosphere.”” The satisfaction survey is provided in

Supplementary Figure 3.

Statistical Analysis
All statistical analyses were performed using SPSS Statistics software (version 22.0; SPSS Inc., Chicago, IL, USA).
Continuous variables are presented as medians with interquartile ranges (IQRs) and were compared using the Mann—
Whitney U-test. Categorical variables are expressed as counts and percentages and were analyzed using y’-tests or
corrected y’-tests, as appropriate.

Using individual CRT items as the primary analytical units, generalized linear mixed models (GLMMs) were applied
to examine associations between cognitive performance and participant characteristics. Correct CRT responses were
treated as the dependent variable, while gender and participant group were included as explanatory variables. All

statistical tests were two-tailed, and a P-value < 0.05 was considered statistically significant.

Results

Characteristics of Analytical Thinking Across Gender and Clinical Experience Levels
The three CRT items (CRT-Q1, CRT-Q2, and CRT-Q3) increased progressively in difficulty; all items’ raw counts and
proportions are available in Tables S2 and S3. We defined CRT-Qall as a composite outcome indicating consistently reflective
(non-intuitive) responses to all three questions. Reflective responses (CRT-Reflective) were interpreted as indicators of
analytical thinking. Distinct patterns of analytical reasoning emerged across levels of clinical experience (Table 1).

Table | Summary of CRT Questionnaire Results Across Different Clinical Experience Groups

Group Trainees Resident Attending Consultant Pearson y> | P-value
Physicians Physicians Physicians
N 34 27 21 14
Age (years) 22.09+1.62 28.41%2.12 32.57+3.03 51.29+8.82
Male (n, %) 22 (64.71) 16 (59.26) 12 (57.14) 6 (42.86) 1.969 0.579
QI | CRT-Reflective (n,%) 22 (64.71) 17 (62.96) 14 (66.67) 8 (57.14)
CRT-Intuitive (n,%) 10 (29.41) 8 (29.63) 6 (28.57) 6 (42.86)
Incorrect (n,%) 2 (5.89) 2 (7.41) 1 (4.76) 0
Q2 | CRT-Reflective (n,%) 24 (70.59) 21 (77.78) 17 (80.94) 9 (64.29)
CRT-Intuitive (n,%) 6 (17.65) 5 (18.52) 2 (9.53) 3 (21.83)
Incorrect (n,%) 4 (11.76) I (3.70) 2 (9.53) 2 (13.88)
Q3 | CRT-Reflective (n,%) 25 (73.53) 20 (74.07) 16 (76.19) 10 (71.42)
CRT-Intuitive (n,%) 6 (17.65) 5 (18.52) 3 (14.29) 2 (14.29)
Incorrect (n,%) 3(8.82) 2 (7.41) 2 (9.52) 2 (14.29)
All-Reflective (n,%) 14 (41.18) 14 (51.85) 13 (61.90) 7 (50.00)
All-Intuitive (n,%) 4 (11.76) 4 (14.81) 1 (4.76) 2 (14.29)
CRT-Mixed (n,%) 16 (47.06) 9 (33.33) 7 (33.34) 3 (35.71)

Notes: CRT-Reflective represents analytical thinking answers; CRT-Intuitive represents intuitive thinking answers; Incorrect indicates wrong answers; All-
Reflective means that all three CRT questions were answered analytically; All-Intuitive means that all three CRT questions were answered intuitively; CRT-
Mixed indicates mixed answer patterns.
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Among early clinical trainees, 41.18% (n = 14) demonstrated consistent analytical responses across all three CRT items,
whereas 11.76% (n = 4) relied exclusively on intuitive responses. Notably, 78.57% of male trainees (n = 11) achieved perfect
CRT-Reflective scores. At the individual question level, analytical responses predominated (CRT-Q1: 64.71%, n = 22; CRT-
Q2: 70.59%, n = 24; CRT-Q3: 73.53%, n = 25), with males accounting for 68.18—76.00% of analytical responders. Intuitive
responses accounted for 17.65-29.41% across questions, with male representation ranging from 33.33% to 50.00%.

Resident physicians demonstrated improved analytical consistency. More than half (51.85%, n = 14) answered all
CRT questions analytically, while 14.81% (n = 4) remained entirely intuitive. Males constituted 57.14% (n = 8) of
residents with perfect analytical performance. Analytical response rates increased further at the question level (CRT-Q1:
64.71%, n = 17; CRT-Q2: 77.78%, n = 21; CRT-Q3: 74.07%, n = 20), with males comprising 58.82—65.00% of analytical
responders. Intuitive responses declined to 18.52%-29.63%, with male representation between 40.00% and 50.00%.

Attending and consultant-level physicians exhibited the strongest analytical performance overall. A total of 57.14% (n = 20)
achieved fully reflective CRT-Qall scores, whereas only 8.57% (n = 3) provided exclusively intuitive responses. Interestingly,
male representation among perfect analytical scorers declined to 50.00% (n = 10). Although analytical response rates remained
high across questions (62.86—74.29%), the proportion of males among analytical responders progressively decreased from CRT-
Q1 (50.00%, n = 11) to CRT-Q3 (38.46%, n = 10). In contrast, males accounted for 58.33—-80.00% of intuitive responses,
particularly in CRT-Q3 (80.00%, n =4 of 5).

Gender Differences in CRT-Reflective Performance

No statistically significant differences in CRT-Reflective performance were observed between male and female partici-
pants. Mann—Whitney U-tests and chi-square analyses for each CRT item (CRT-QI to CRT-Q3) and the composite
outcome (CRT-Qall) showed no significant sex-based differences (all P > 0.05; Table 2).

Specifically, 64.3% of males (36/56) and 62.5% of females (25/40) demonstrated analytical thinking in CRT-Q1 (P = 0.858).
Similarly, analytical responses in CRT-Q2 were observed in 78.6% of males (44/56) and 67.5% of females (27/40), with no
statistically significant difference (P = 0.223). CRT-Q3 and CRT-Qall also showed no significant sex-related differences (P =
0.455 and P = 0.492, respectively). Although males demonstrated slightly higher analytical response rates in CRT-Q2 and CRT-

Table 2 RxC Chi-Square Test Results of CRT-Reflective by Gender

CRT Measure Age Median Gender Test Populations
(IQR) Male Female Trainees Residents | Attendings Consultant-
(n=56) | (n=40) (n=34) (n=27) (n=21) Level (n=14)
CRT-Q, CRT-Reflective 28.0(23.0;32.0) 36 25 22 17 14 8
Non-Reflective 28.0(23;38.0) 20 15 12 10 7 6
Mann Whitney U/X? 999.000° 0.032° 0.360°
P value 0.601 0.858 0.948
CRT-Q, CRT—Reflective 29.0(23.0;34.0) 44 27 24 21 17 9
Non-Reflective 26.0(23.0;31.0) 12 13 10 6 4 5
Mann Whitney U/X? 876.500° 1.485° 1.618°
P value 0.927 0.223 0.655
CRT-Q3 CRT—Reflective 29.0(23.0;34.0) 43 28 25 20 16 10
Non-Reflective 26.0(23.0;31.0) 13 12 9 7 5 4
Mann Whitney U/X? 840.000° 0.558° 0.104°
P value 0.691 0.455 0.991

(Continued)
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Table 2 (Continued).

CRT Measure Age Median Gender Test Populations
(1QR) Male Female Trainees Residents | Attendings Consultant-
(n=56) (n=40) (n=34) (n=27) (n=21) Level (n=14)
CRT-Qau CRT-Reflective 29.0(23.0;34.5) 29 19 14 14 13 7
Non-Reflective 26.0(23.0;32.5) 27 21 20 13 8 7
Mann Whitney U/X? 1046.000° 0.473° 2.286°
P value 0.436 0.492 0.515

Notes: *Mann-Whitney U-test; "RxC chi-square test.

Q3 (approximately 8—11%), these differences were not statistically significant, indicating overall gender homogeneity in
analytical thinking performance.

Interaction Effects Between Gender and Clinical Experience

A generalized linear mixed model (GLMM) was constructed with CRT-Reflective performance as the dependent variable
and gender and clinical experience level as explanatory variables (Table 3). A significant interaction effect between
gender and clinical experience was identified (P = 0.005).

Table 3 GLMM Analysis of Factors Associated with Analytical Thinking

Variable B SE > | Pvalue | OR 95% CI
Fixed effects

Intercept —0.814 | 04618 | 3.108 0.078 0.443 0.179-1.059
Test populations (attending physicians or higher)

Trainees —0.721 | 0.6290 | 1.314 0.252 0.486 | [0.142, 1.668]
Residents —0.432 | 0.6588 | 0.429 0.512 0.649 | [0.179, 2.362]
Gender (Male)

Female —0.545 | 0.5921 | 0.848 0.357 0.580 0.182-1.850
CRT test (CRT-Q3)

CRT-QI 0.662 | 0.5951 | 1.239 0.266 1.940 | [0.604, 6.226]
CRT-Q2 —0.099 | 0.6226 | 0.025 0.874 0.906 | [0.267, 3.070]
Interactions of test populations and gender (male trainees)

Female attending and above | 1.778 | 0.6306 | 7.951 | 0.005* | 5.919 | [1.720, 20.373]
Female residents 0.997 | 0.6683 | 2.228 | 0.036* | 2.711 | [0.732, 10.047]
Interactions of CRT test and gender (male answer CRT-Q3)

Female answer CRT-QI —0.271 | 0.6462 | 0.175 0.675 0.763 | [0.215, 2.707]
Female answer CRT-Q2 0.228 | 0.6753 | 0.114 0.736 1.256 | [0.334, 4.718]
Interactions of test populations and CRT test (attending or higher physicians answer CRT-Q3)
Trainees answer CRT-Q| —0.101 | 0.7607 | 0.018 0.895 0.904 | [0.204, 4.016]
Trainees answer CRT-Q2 0.150 | 0.7901 | 0.036 0.849 1.162 | [0.247, 5.467]
Residents answer CRT-Q| —0.022 | 0.7958 | 0.001 0.978 0.978 | [0.206, 4.653]
Residents answer CRT-Q2 —0.216 | 0.8467 | 0.065 0.798 0.806 | [0.153, 4.234]

Notes: *Bold p-values indicate statistical significance (p < 0.05).
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Female attending or consultant-level physicians demonstrated the strongest tendency toward analytical thinking, with
an odds ratio (OR) of 5.919 (95% CI, 1.720-20.373) compared with male interns as the reference group. Female
residents also exhibited a significantly greater likelihood of reflective thinking (OR = 2.711, P = 0.036). In contrast, no
significant gender difference was observed among interns (female vs male: OR = 0.580, P = 0.357).

No significant differences were detected across CRT question types (Q1-Q3) (P= 0.65), and no interaction effect was
found between clinical experience level and question difficulty (P= 0.79). These findings suggest that senior female
physicians may be more inclined to adopt analytical reasoning strategies in clinical decision-making, an advantage not
observed at earlier training stages.

Value of the EBM—CBL-PBL Pedagogy in Developing Cognitive Reflection

Baseline characteristics, including age, gender, and pre-intervention CRT performance (CRT-Q1, CRT-Q2, CRT-Q3, and
CRT-Qall), did not differ significantly between the conventional teaching group and the EBM—CBL-PBL integrated teaching
group (all P > 0.05). However, overall teaching satisfaction was significantly higher in the EBM—CBL-PBL group (P <0.001).

In the conventional teaching group, 44.44% of students demonstrated consistent analytical thinking across all three
CRT items, whereas this proportion increased to 61.11% in the EBM—CBL-PBL group. The proportion of exclusively
intuitive responders decreased from 22.22% in the conventional group to 16.67% in the integrated teaching group,
indicating a reduced reliance on intuitive reasoning.

Analysis by question difficulty showed higher analytical response rates in the EBM—CBL-PBL group for CRT-Q1
(66.67% vs 61.11%), CRT-Q2 (77.78% vs 55.56%), and CRT-Q3 (83.33% vs 61.11%) compared with the conventional
teaching group. Although these differences did not reach statistical significance (P = 0.248, 0.080, and 0.068, respec-
tively), a consistent trend favoring the integrated pedagogy was observed (Table 4).

A generalized linear model further demonstrated that students exposed to the EBM—CBL-PBL teaching model were
significantly more likely to exhibit enhanced analytical thinking (OR = 3.39; 95% CI, 1.52-7.56; P = 0.003). No
significant effects were found for gender or for interaction terms involving teaching method X gender (all P > 0.05;
Table 5). These findings suggest that while the EBM—CBL-PBL model effectively enhances reflective cognitive skills, it
does not preferentially amplify gender-specific advantages in CRT-Reflective performance.

Table 4 Single Factor Analysis of EBM-CBL-PBL Pedagogy Outcomes

Variable Traditional (n=18) | EBM-CBL-PBL (n=18) | Mann-Whitney U/X* | P value
Age (years) 22.0 (21.0-23.0) 22.0 (21.0-22.25) 150.000° 0.690
Male (%) I (6l1.11) 10 (55.56) 0.114° 0.735
Analytical Responses

CRT-QI (%) 12 (66.67) I5(83.33) 1.33° 0.248
CRT-Q2 (%) 9 (50.00) 14 (77.78) 3.06° 0.080
CRT-Q3 (%) 10 (55.56) I5(83.33) 333° 0.068
CRT-QAIl (%) 8 (44.44) I (6l.11) 2.22° 0.136
Satisfaction Score 69.0 (62.0-72.0) 74.0 (71.5-78.0) 58.500* <0.001

Notes: *Mann-Whitney U-test; PRxC chi-square test.

Table 5 Interactive Effects of Gender and Teaching Mode on CRT-Reflective Performance

Variable i} SE ¥ | p-value | OR 95% CI

Intercept 0.85 | 032 | 7.12 | 0.008* | 2.34 | [I.25, 4.38]
Teaching group [EBM-CBL-PBL] 122 | 041 | 884 | 0.003* | 3.39 | [I.52, 7.56]
Gender (Female) —0.31 | 038 | 0.67 | 0413 0.73 | [0.35, 1.54]
Interactions of teaching group and gender | 0.45 | 0.53 | 0.72 0.396 1.57 | [0.56, 4.41]

Notes: *Bold p-values indicate statistical significance (p < 0.05). GLMMs: Generalized linear mixed models.
Abbreviations: CRT, Cognitive Reflection Test; GLMM, generalized linear mixed model; EBM, evidence-based medicine;
CBL, case-based learning; PBL, problem-based learning; SMS, short message service; IQR, interquartile range; OR, odds ratio.
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Discussion

The cultivation of clinical thinking during preclinical medical education is critically important. Existing evidence
suggests that males may, on average, exhibit an early advantage in logical reasoning and analytical performance,
potentially due to a greater propensity for rapid logical integration.”® Conversely, females often demonstrate stronger
potential for progressive and sustained learning,? differences that may be shaped by physiological maturation, cognitive
development, and sociocultural factors. In medical education—especially regarding clinical diagnosis and decision-
making—analytical ability plays a decisive role in the accuracy and reliability of clinical judgments.*

Clinical experience appears to be a critical determinant in the maturation of analytical reasoning.

Novice trainees tend to rely predominantly on intuitive reasoning, often drawing conclusions through pattern
recognition or rapid judgment.®>' Although efficient, this intuitive approach is highly susceptible to cognitive biases,
thereby increasing the risk of diagnostic errors.>? With prolonged clinical exposure, however, trainees gradually develop
more structured cognitive frameworks involving deliberate information gathering, hypothesis generation and testing,

logical inference, and critical appraisal,*

thereby demonstrating excellent analytical reasoning abilities closely related to
the accumulated clinical experience and reducing diagnostic errors.**

Our findings are consistent with this progression. While male participants showed an early advantage in cognitive
reflection—potentially reflecting innate or early-acquired logical reasoning tendencies—senior female physicians demon-
strated particularly strong analytical performance during clinical decision-making, in some cases surpassing their male
counterparts. Notably, this advantage among senior female physicians appears to derive primarily from long-term clinical
experience rather than from formal medical school training alone. These results suggest that sustained clinical practice
may compensate for or even override initial gender-related differences, substantially enhancing analytical capacity in
female physicians. However, Due to the potential influence of prior exposure and familiarity on CRT records,*” this led to
a relatively small sample size of senior female doctors (n=11) obtained from a single center. Therefore, future studies
need to collect samples from multiple centers for observation.

Although short-term educational intervention measures, such as the EBM—CBL-PBL model that integrates evidence-
based medicine, case-based learning, and problem-based learning, can effectively enhance the overall analytical ability of
preclinical interns, there is no significant difference in the improvement of analytical thinking between male and female
participants. No persistent gender-specific advantages were observed. This indicates that although structured educational
intervention can enhance analytical reasoning ability in the short term, it may not be sufficient to produce long-term,
gender-related cognitive style differences. This discovery offers significant insights for the design of medical education.
In addition to classroom teaching, more emphasis should be placed on experiential learning based on real clinical
scenarios, such as clinical internships, structured case discussions, and simulation training. Educators should prioritize
the cultivation of students’ analytical thinking skills, enabling them to conduct more effective clinical reasoning and
decision-making throughout their careers. Although the basic course teaching models such as EBM—CBL-PBL play an
important role in developing analytical thinking, long-term clinical experience is particularly beneficial for improving the
analytical abilities of female physicians.

Noteworthy, The CRT uses decontextualized mathematical or logical puzzles rather than specialized clinical scenarios,
and its ecological validity is questionable in the medical context, as clinical reasoning involves knowledge organization,
disease script activation, and context-dependent judgment. The general CRT can only partially capture.*'>'? Although the
CRT is an effective proxy indicator of the tendency to “suppress intuitive responses” in the dual-process theory, it mainly
measures reflective analytical ability rather than general intelligence.'® Given that domain-specific experience can
modulate the dual processing process,’® future research should examine whether the improvement in reflective ability
reflected by the CRT can translate into an improvement in domain-specific diagnostic accuracy.

Given that cognitive bias is a significant factor in diagnostic errors, researchers are increasingly seeking “de-biasing
strategies” that can be incorporated into training courses. One influential approach is the cognitive forcing strategy, which
requires clinicians to consciously apply structured steps to consider alternative diagnoses beyond their initial intuitive
impressions.”’=* Lambe et al’s systematic review found that the cognitive forcing strategy improved diagnostic accuracy
and confidence judgments, with guided reflective intervention being the most consistently effective method.'” The EBM—
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CBL-PBL integrated teaching model in this study actually incorporates similar forcing functions, combined with the “expert-
novice paradox”, and this model promotes learners to go beyond initial intuitions through structured learning, consolidating
reflective decision-making abilities in early training. In conclusion, the de-contextualized CRT cannot fully predict surgical
clinical reasoning, but as an effective proxy indicator of analytical thinking tendencies, combined with the cognitive forcing
strategy framework, it still provides a valuable assessment tool for this study; future research should adopt domain-specific
tools and longitudinal follow-up designs to verify the transformation of reflective abilities into clinical outcomes.

Conclusion

Cognitive reflection in clinical reasoning strengthens gradually with accumulating clinical experience. Although no
overall gender differences were observed, a small-sample analysis indicated that senior female physicians exhibited
particularly strong cognitive reflection skills. Based on the CRT tool for non-clinical logical assessment, A teaching
model integrating EBM—CBL-PBL instruction effectively enhances reflective thinking and learning satisfaction among
pre-clinical and early-career trainees. Overall, A dual strategy in medical education: early structured training to cultivate
cognitive reflection, combined with long-term, high-quality clinical experience to consolidate and maintain these skills.
This approach may improve diagnostic accuracy, promote fairness in cognitive development, and ultimately enhance the
quality and safety of clinical decision-making.
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