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Abstract

Background: Metacognition is a cognitive process that involves self-awareness of thinking, 

understanding, and performance. This study assesses pathologists’ metacognition by examining 

the association between their diagnostic accuracy and self-reported confidence levels while 

interpreting skin and breast biopsies.

Design: We studied 187 pathologists from the Melanoma Pathology Study (M-Path) and 115 

pathologists from the Breast Pathology Study (B-Path). We measured pathologists’ metacognitive 

ability by examining the AUC, the area under each pathologist’s receiver operating characteristic 

(ROC) curve summarizing the association between confidence and diagnostic accuracy. We 

investigated possible relationships between this AUC measure, referred to as metacognitive 

sensitivity, and pathologist attributes. We also assessed whether higher metacognitive sensitivity 

affected the association between diagnostic accuracy and a secondary diagnostic action such as 

requesting a second opinion.

Results: We found no significant associations between pathologist clinical attributes and 

metacognitive AUC. However, we found that pathologists with higher AUC showed a stronger 

trend to request secondary diagnostic action for inaccurate diagnoses and not for accurate 

diagnoses compared to pathologists with lower AUC.

Limitations: Pathologists reported confidence in specific diagnostic terms, rather than the 

broader classes into which the diagnostic terms were later grouped to determine accuracy. 
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Additionally, while there is no “gold standard” for the correct diagnosis to determine accuracy 

of pathologists’ interpretations, our studies achieved a high-quality reference diagnosis by using 

the consensus diagnosis of three experienced pathologists.

Conclusions: Metacognition can affect clinical decisions. If pathologists have self-awareness 

that their diagnosis may be inaccurate, they can request additional tests or second opinions, 

providing the opportunity to correct inaccurate diagnoses.

Keywords

metacognitive sensitivity; diagnostic accuracy; cognitive science; dermatopathology; breast 
pathology; secondary diagnostic actions; awareness

INTRODUCTION

Physicians routinely experience uncertainty during diagnostic decision-making, and some 

physicians might be more sensitive to the subjective experience of uncertainty than others 

[1]. The cognitive function allowing one to think about their own decisions in this manner 

is termed metacognition [2]. One important aspect of metacognition is the ability to rate 

correct judgments with higher confidence than incorrect judgments. The influence of 

metacognition on memory, decision-making, and learning has profound implications for 

the diagnostic process. In diagnostic pathology, pathologists match the histopathological 

attributes of a case to a diagnostic category. Efforts to improve diagnostic decision-making 

require a comprehensive understanding of successful and unsuccessful decision-making [3].

Davidson et al. outlined four ways in which metacognition contributes to problem solving: 

identifying the problem, mentally representing the problem, planning how to proceed, and 

evaluating one’s performance [4]. This study investigated the fourth process: evaluating 

one’s performance. This fourth process has been called “metacognitive sensitivity”, the 

extent to which confidence is associated with accuracy [5].

Physicians’ correctness and their self-reported confidence levels tend to be moderately 

associated [6]; that is, physicians tend to provide higher confidence ratings to cases that 

they correctly judge, and lower confidence ratings to cases they incorrectly judge. However, 

metacognitive abilities vary widely across individuals [7–9]. To our knowledge, no research 

has specifically examined whether metacognitive sensitivity is related to pathologists’ 

experience level and their tendency to seek additional information to help disambiguate 

a medical decision. To address this gap, this study measures physicians’ metacognitive 

sensitivity by assessing the association between pathologists’ self-reported confidence and 

their diagnostic accuracy, and investigates how it relates to pathologists’ characteristics 

and secondary diagnostic requests. We implemented the absolute metacognitive sensitivity 

methodology [10] to measure metacognitive sensitivity for each participating pathologist, 

using confidence ratings to measure pathologists’ feeling-of-knowing in relation to their 

actual performance diagnosing cases [5].

We hypothesized that pathologist attributes such as age, expertise, caseload, and years 

of experience would be positively associated with their metacognitive sensitivity [7, 11–
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13]. We further evaluated associations between metacognitive sensitivity and pathologists’ 

self-reported secondary diagnostic behaviors: asking for a second opinion to improve 

diagnostic accuracy, asking for special stains or ancillary tests, or considering a diagnosis 

to be borderline between two diagnostic categories. Given that metacognitive sensitivity 

helps people recognize differences in the quality or quantity of information available 

during diagnostic decision-making and prompts information-seeking behavior[14, 15], we 

hypothesized that pathologists would be more likely to utilize secondary diagnostic actions 

for inaccurate interpretations than accurate interpretations, and that the association would be 

stronger for pathologists with higher metacognitive sensitivity.

METHODS

Data Sources

We used data from the Melanoma Pathology Study (M-Path) and Breast Pathology Study 

(B-Path), which we analyzed separately throughout [16, 17]. In both studies, each participant 

interpreted one slide set of 48 cases (M-Path) or 60 cases (B-Path). Slide sets were mailed to 

participants sequentially, and participants returned slide sets after they interpreted all cases 

using their own microscopes. Participants based their diagnosis off one hematoxylin and 

eosin-stained slide per case; additional slides or other stains were not available during the 

study. Participants entered their diagnostic interpretations and other case assessments into an 

online histology form.

The research team mapped diagnoses into one of four diagnostic classes using the MPATH-

Dx schema [18] for the M-Path study, and the BPATH-Dx schema [19] for the B-Path 

study. Although MPATH-Dx is a 5-class schema, we merged classes I and II due to 

prior observations of low accuracy differentiating between these classes and little clinical 

difference between these benign classes [16]. Each case interpretation by a study participant 

was assessed as accurate or inaccurate based on whether it mapped to the same diagnostic 

class as the expert consensus diagnosis (described below).

M-Path Study—To reach expert consensus for cases used in the M-Path study, three 

dermatopathologists with recognized expertise in melanocytic lesions served as the reference 

panel. They first independently assessed cases, then held a series of consensus meetings and 

used a modified Delphi method to reach a consensus reference diagnosis on 240 melanocytic 

skin lesions [16, 20, 21]. The 240 cases were arranged into five slide sets of 48 cases, 

balanced by MPATH-Dx class.

The 187 M-Path study participants were from ten geographically diverse US states. 

Participants were eligible if they had completed pathology training (residency and/or 

fellowship), interpreted melanocytic skin biopsies within the previous year, and planned 

to continue interpreting cutaneous melanocytic lesions for at least two years. Participating 

pathologists completed a baseline survey regarding their demographic and practice 

characteristics, training and experience, and then proceeded to case interpretations. 

Participants could select from more than 50 diagnoses for each case. The study team later 

mapped each diagnosis to the appropriate MPath-Dx diagnostic class, as described above, 

for assessment of accuracy.
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B-Path Study—In the B-Path study, three breast pathologists with recognized expertise 

followed methods similar to the M-Path study to reach consensus on 240 breast biopsy 

cases [17]. Invasive breast cancer, ductal carcinoma in situ (DCIS), atypical hyperplasia, 

and benign cases without atypia were included. The 240 cases were randomly assigned to 

four sets of 60 cases stratified by the consensus reference diagnosis, difficulty rating, breast 

density, and patient age.

The 115 B-Path participants were from eight geographically diverse US States. Eligibility 

criteria included completion of residency, experience interpreting breast lesions for at least 

1 year prior, and planning to interpret breast lesions for the following two years. As with 

M-Path, participating pathologists completed a baseline survey and then proceeded to case 

interpretations.

Outcome Measures

Metacognitive sensitivity—Participants provided a confidence rating in their assessment 

of each case on a six-point scale from 1 (Not at all confident) to 6 (Very confident). 

Applying established methods [5], we measured metacognitive sensitivity by assessing the 

relationship between confidence ratings and diagnostic accuracy. To do so, we plotted 

receiver operating characteristic (ROC) curves for each participant: at each possible cut-off 

on the 6-point confidence scale, the hit rate and the false alarm rate across a participant’s 

diagnostic interpretations were plotted. The hit rate measures how often the pathologist 

reports high confidence among their diagnostically accurate interpretations, whereas the 

false alarm rate measures how often the pathologist reports high confidence among their 

inaccurate interpretations. AUC, the area under the ROC curve, is our estimate of the 

participant’s metacognitive sensitivity. AUC values range from 0 to 1, with higher values 

indicating greater metacognitive sensitivity. AUC equal to 0.5 indicates metacognitive 

sensitivity that is no different from chance. This method of estimating metacognitive 

sensitivity is not affected by differences in participants’ use of the confidence scale (e.g., 

some participants tend to be more or less confident) and does not rely on any distributional 

assumptions about the data [5].

Clinical impact of metacognitive sensitivity—Participants were asked at the time of 

each interpretation whether they would have pursued the following secondary diagnostic 

actions for each case: obtain second opinions, request special stains or ancillary tests 

(M-Path study only), or report their diagnosis as borderline between two diagnoses. Of 

note, participants were not actually able to obtain second opinions or additional stains 

or tests to assist with their interpretations during the study. We assessed associations 

between diagnostic accuracy and participants’ indications that they would pursue these 

secondary diagnostic actions, specifically investigating whether associations were stronger 

for participants with higher AUCs.

Data Analysis

Differences in metacognitive sensitivity—We provide descriptive statistics for AUCs 

across participants in each study. To gain insight on whether AUCs differed from 

the distribution of AUCs with no metacognitive sensitivity, we developed a reference 
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distribution of AUCs by creating 2000 permuted datasets. In each permuted dataset, we 

randomly permuted each pathologist’s confidence ratings across all his/her interpretations. 

We calculated the AUC for each pathologist using these permuted data, then calculated the 

mean AUC across pathologists. This simulated a null distribution of 2000 mean AUC values 

when all pathologists have null metacognitive sensitivity.

Pathologist characteristics—The pathologist characteristics included age, gender, years 

of experience, percent of caseload spent interpreting the specific case type (melanocytic 

skin lesions for the M-Path study and breast pathology cases for the B-Path study), and 

expertise in the subspecialty. For M-Path participants, expertise was defined as having board 

certification or fellowship training in dermatopathology. For B-Path participants, expertise 

was defined as having fellowship training in breast pathology, or self-report that peers 

considered them to be experts in breast pathology. Gender was self-reported with the options 

of male or female, and was studied for a possible association with metacognitive sensitivity 

because of a difference in average confidence between male and female medical students 

noted in previous research.[22, 23] Beyond years of experience, chronologic age itself may 

be associated with metacognition and was included in the analysis.[24]

Analysis Plan—Individual pathologists were the unit of analysis. We treated the AUC 

measure of metacognitive sensitivity as a continuous variable and performed linear 

regression to investigate associations with different factors, controlling for case test set.

To assess the relationship between metacognitive sensitivity and utilization of secondary 

diagnostic actions, we used a logistic regression model with a secondary diagnostic 

action requested on a case as the outcome. Variables in the model were accuracy of 

the interpretation (binary), AUC as the measure of absolute metacognitive sensitivity 

(continuous), and the two-way interaction between accuracy and AUC. We used cluster 

robust standard error estimates to account for interpretations by the same pathologist. We 

analyzed each secondary diagnostic action separately. Although AUC was analyzed as a 

continuous measure, to help describe results we present the model fit for example values of 

AUC (AUC=0.5, 0.65, and 0.8).

SAS 9.4 (SAS Institute, Cary, NC) was used for analysis and statistical significance was 

evaluated at a threshold of p<0.05.

RESULTS

Characteristics of pathologists are presented in Table 1. Of the 187 M-Path pathologists, 74 

(40%) were experts in dermatopathology. Of the 115 B-Path pathologists, 27 (23%) were 

experts in breast pathology. Most participants had been interpreting the relevant type of 

cases for 10 or more years (60% in M-Path and 61% in B-Path).

Example ROC curves are plotted in Figure 1 for two M-Path study participants, showing 

one pathologist with high metacognitive sensitivity (AUC 0.83) and a second pathologist 

with near-chance metacognitive sensitivity (AUC 0.48), i.e. who was similarly confident in 

accurate and inaccurate diagnoses.
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In the M-Path study, the mean AUC across all 187 pathologists was 0.64 (range 0.37 

to 0.87). In the B-Path study, the mean AUC across all 115 pathologists was 0.66 

(range 0.47 to 0.85). We found significant evidence from both studies that pathologists 

have positive metacognitive sensitivity on average (p<0.005). Figure 2 compares observed 

AUC values with the distribution expected under a null condition. Mean AUC was 

similar across subgroups of pathologists (Table 2). For example, mean AUC was similar 

across demographic subgroups and subgroups defined by pathologists’ overall self-reported 

confidence in their diagnostic assessments. Notably, there was no evidence of an association 

between metacognitive sensitivity and self-reported baseline survey data on clinical 

expertise or level of overall confidence in diagnosing these types of biopsies, as detailed 

in Table 2.

Figure 3 displays the results of the analyses examining interactions between AUC and 

diagnostic accuracy when the pathologist considered the diagnosis to be borderline, or in 

the use of secondary diagnostic actions such as requesting second opinions. The odds ratios 

(OR) comparing the utilization of each action for inaccurate versus accurate interpretations 

are shown at three selected values of AUC: 0.5, 0.65, and 0.8, representing null, average, 

and high AUC values in our study. In the M-Path study, interaction terms between AUC and 

accuracy were significant for asking for a second opinion, ordering special stains or tests, 

and considering the diagnosis to be borderline between two different diagnoses. Participants 

with relatively high metacognitive sensitivity were much more likely to request a secondary 

diagnostic action for inaccurate diagnoses compared to accurate diagnoses. For example, 

according to the fitted model, M-Path participants with AUC=0.8 have 4.59-fold higher odds 

to ask for a second opinion for an inaccurate diagnosis than an accurate diagnosis (95% CI: 

3.78–5.56) and 2.47-fold higher odds to order special stains or ancillary tests (95% CI: 2.00–

3.05) for an inaccurate diagnosis than an accurate diagnosis. In contrast, participants with 

null metacognitive sensitivity (AUC=0.5) were not significantly more likely to take these 

actions for inaccurate vs. accurate diagnoses, with odds ratios 1.18 (95% CI: 0.97–1.45) and 

1.08 (95% CI: 0.89–1.32). Odds ratios at AUC=0.65 were between those found at AUC=0.5 

and AUC=0.8.

Results were very similar in the B-Path Study. Highly metacognitive sensitive participants 

with AUC 0.8 are estimated to have 4.11-fold higher odds of asking for a second opinion for 

an inaccurate diagnosis than an accurate diagnosis (95% CI: 3.19–5.32). Participants with 

AUC=0.50 are also estimated to be more likely to ask for a second opinion for inaccurate 

vs. accurate diagnosis, but the association between accuracy and this action is much weaker 

(OR 1.57, 95% CI: 1.25–1.97). Again, odds ratios at AUC=0.65 were between those for 

AUC=0.5 and AUC=0.8.

Finally, in both studies participants with high metacognitive sensitivity more often 

considered inaccurate diagnoses to be borderline between two diagnoses than accurate 

diagnoses, with a stronger association between borderline determinations and accuracy 

among highly metacognitive-sensitive participants (M-Path study OR 5.20, 95% CI: 4.19–

6.46; B-Path study OR 5.17, 95% CI: 4.31–6.21) than low metacognitively sensitive 

participants (M-Path study OR 1.45, 95% CI: 1.18–1.80; B-Path study OR 1.35, 95% CI: 

1.03–1.77).
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DISCUSSION

This study investigated pathologists’ metacognitive sensitivity using data from two 

independent studies in pathology, one in skin pathology and one in breast pathology. These 

tissues have very different histologic features, yet findings are strikingly similar in the two 

studies. We found that metacognitive sensitivity differs across pathologists, and was not 

demonstrably better than chance for some pathologists. No significant relationships were 

observed between AUC and pathologist characteristics such as age, gender, and level of 

clinical experience.

In both skin and breast pathology, we found that participants with higher AUCs tended 

to request secondary diagnostic actions for cases where they were inaccurate and not for 

cases where they were accurate, and this tendency was weaker or null for participants with 

lower AUCs. To assess the possibility that these results are confounded by accuracy, we 

verified that there was essentially no correlation between accuracy and AUC in each dataset 

(Online Resource Figure 1). This result extends research in developmental psychology and 

perceptual decision-making [14, 15] to the high-stakes domain of diagnostic medicine, 

showing that subjective confidence can be a valuable predictor of information-seeking 

behavior in pathology.

The finding that pathologists with higher AUC values showed a stronger association between 

secondary diagnostic actions and accuracy is consistent with research on the relationship 

between physician confidence and the correctness of diagnoses. In a prior study, clinicians’ 

confidence in their diagnosis was defined as the probability of seeking assistance at the 

time of generating a differential diagnosis. Friedman et al. found that when clinicians 

reported low confidence, they were likely to be incorrect [6]. Thus, self-awareness of their 

uncertainty meant they were more likely to seek assistance, which in turn can provide 

opportunities to scrutinize decisions, and learn from mistakes [25]. Similarly, our study 

found evidence that metacognitive sensitivity can affect diagnostic outcomes and patient 

care in pathology. If pathologists can suspect when they are inaccurate, they can pursue 

actions that may improve diagnostic accuracy, such as seeking second-opinions [26–29].

The lack of association between AUC and expertise suggests that metacognitive sensitivity 

in these situations was not a function of training or experience. AUC is not simply 

a reflection of accuracy, instead it measures how well an individual can self-evaluate 

transient states of uncertainty during the interpretive process. Current pathology clinical 

training and practice does not seem to enhance metacognitive sensitivity. This raises a 

potential issue surrounding pathologists receiving feedback on their diagnostic accuracy in 

a timely manner. Previous research demonstrates the important role of feedback, especially 

immediate feedback, in improving metacognitive judgements in the context of both everyday 

decisions [30–34] and medical decision-making [35–38]. However, pathologists are often 

the final diagnostician in clinical practice, and therefore might receive little to no feedback 

compared to physicians in other fields, and any feedback based on patient outcome might be 

delayed by months or years.
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The standard signal detection theory approach pertains to a binary choice task distinguishing 

between two alternatives on a continuous scale. In contrast, this study used four clinically 

meaningful diagnostic classes defined by the MPATH-Dx and BPATH-Dx diagnostic 

schema. We consider this a study strength in that we did not oversimplify into a binary 

classification problem. However, we note the deviation from the standard framework. This 

research also has several limitations. First, the measurement of pathologists’ confidence 

ratings on the histology form inquired about their confidence in the specific diagnostic 

term they selected (e.g., type of melanoma in situ such as “lentiginous”) and not in the 

overall diagnostic class (e.g., Class III or Class IV), which was assigned later using the 

MPATH-Dx or BPATH-Dx schema. Pathologists might not be confident of a very specific 

diagnosis, yet be highly confident the case belongs to a particular class of diagnoses (e.g., 

M-PATH-Dx Class IV). Third, there is no “gold standard” reference diagnosis of skin and 

breast cases. The two studies each used a panel of three experienced pathologists who 

agreed upon a single consensus reference diagnosis, which in turn defined participants’ 

diagnostic accuracy. While the underlying biology and patient outcomes (e.g., death from 

cancer; recurrence) may be more ideal gold standards, they also have limitations: for 

example, the treatment for disease, including surgical removal of tissue (including the initial 

biopsy), alters the clinical course. Finally, we were limited to studying pathologist attributes 

that were included in the studies’ baseline surveys; additional research could examine 

other clinical attributes, and even pathologist personality or psychological traits, such as 

self-regulation and executive control techniques [39–41].

This study found evidence that metacognitive sensitivity differs across pathologists and 

can affect clinical decisions. No significant associations were found between metacognitive 

sensitivity and pathologist characteristics, including training and expertise. While current 

clinical training and practice improves accuracy, [42] it does not appear to improve 

metacognitive sensitivity. Although there is some evidence that metacognition can be 

improved through deliberately directed training, this prior work [43] was in a student 

population and it is therefore an open question whether similar training techniques would be 

effective with clinicians. Pathologists might benefit from receiving immediate feedback on 

their level of accuracy (such as in CME), since feedback on diagnostic accuracy in clinical 

practice in pathology is often completely absent or substantially delayed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

• Metacognitive sensitivity varied across pathologists, with most showing 

higher sensitivity than expected by chance.

• None of the demographic or clinical characteristics we examined was 

significantly associated with metacognitive sensitivity.

• Pathologists with higher metacognitive sensitivity were more likely to request 

additional tests or second opinions for their inaccurate diagnoses.
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Figure 1/. 
Two examples of ROC curves from M-Path participants interpreting skin biopsy slides. Each 

point plots the false alarm rate on the horizontal axis against the hit rate on the vertical axis 

for a given confidence cut-off.

Figure 1A/This example demonstrates high metacognitive sensitivity for a single subject 

with an AUC above the null value of 0.5.

Figure 1B/This example demonstrates a lower metacognitive sensitivity for a single subject 

near chance performance.
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Figure 2/. 
Distribution of AUC values based on 300 samples of randomly permuted confidence ratings 

within participants (red) and the distribution of actual pathologist metacognitive sensitivity 

estimates, measured by AUC, for study pathologists (blue). Top panel displays results for 

M-Path Study pathologists (N=187) and bottom panel displays results for B-Path Study 

pathologists (N=115).
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Figure 3/. 
Analyses examining interaction between metacognitive sensitivity and diagnostic accuracy 

for secondary diagnostic actions and considering diagnoses to be borderline. Analytic 

models were logistic regression models with predictors AUC (continuous), accuracy 

(binary), and the AUC-accuracy interaction term. Although AUC was analyzed as a 

continuous measure, results are presented for three representative AUC values. Each 

outcome was more strongly associated with accuracy for highly metacognitive participants 

(AUC=0.8) than participants with lower (AUC=0.65) or null (AUC=0.5) metacognitive 

sensitivity.

Figure 3a/Interpreting skin biopsies in the M-Path Study (N = 8,976 interpretations)

Figure 3b/Interpreting breast biopsies in the B-Path Study (N = 6,900 interpretations)
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Table 1

Pathologist Characteristics

Pathologist Characteristics
Skin Biopsies M-Path Study
N (%)

Breast Biopsies B-Path Study
N (%)

All participants 187 115

Demographics 

Age

 <40 years 32 (17%) 16 (14%)

 40–49 years 55 (29%) 41 (36%)

 50–59 years 63 (34%) 42 (37%)

 ≥60 years 37 (20%) 16 (14%)

Gender

 Male 114 (61%) 69 (60%)

 Female 73 (39%) 46 (40%)

Training and Experience 

Affiliation with academic medical center

 No 134 (72%) 87 (76%)

 Yes, adjunct/affiliated clinical faculty 34 (18%) 17 (15%)

 Yes, primary appointment 19 (10%) 11 (10%)

Fellowship Training (M-Path)

 Dermatopathology 72 (39%) -

 Surgical Pathology 69 (37%) -

 Other 54 (29%) -

 No Fellowship 29 (16%) -

Fellowship Training (B-Path)

 Breast pathology - 6 (5%)

 Surgical pathology - 57 (50%)

 No fellowship training in surgical or breast pathology - 56 (49%)

Expertise in dermatopathology/breast pathology*

 Non-expert 113 (60%) 88 (77%)

 Expert 74 (40%) 27 (23%)

Years interpreting melanocytic skin lesions/breast pathology cases

 <5 years 29 (16%) 22 (19%)

 5–9 years 45 (24%) 23 (20%)

 10–19 years 57 (30%) 34 (30%)

 ≥20 years 56 (30%) 36 (31%)

Percentage of caseload interpreting melanocytic skin lesions/breast 
pathology cases

 <10% 79 (42%) 59 (51%)

 10–24% 72 (39%) 45 (39%)

 ≥25% 36 (19%) 11 (10%)

Number of melanocytic lesion interpretations in an average month
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Pathologist Characteristics
Skin Biopsies M-Path Study
N (%)

Breast Biopsies B-Path Study
N (%)

 <25 cases per month 48 (26%) -

 25–99 cases per month 65 (35%) -

 100–249 cases per month 44 (24%) -

 ≥250 cases per month 30 (16%) -

Number of breast pathology cases interpreted in an average week

 <5 cases per week - 31 (27%)

 5–9 cases per week - 44 (38%)

 10–19 cases per week - 31 (27%)

 ≥20 cases per week - 9 (8%)

Attitudes towards interpreting melanocytic skin lesions/breast cases on baseline survey 

How confident are you in your assessments of melanocytic skin lesions 
(M-Path study) or breast lesions (B-Path study)?

 1 (Not at all Confident) 0 (0%) 0 (0%)

 2 11 (6%) 0 (0%)

 3 15 (8%) 8 (7%)

 4 38 (20%) 27 (23%)

 5 90 (48%) 66 (57%)

 6 (Very Confident) 33 (18%) 14 (12%)

*
For M-Path participants, expertise was defined as having board certification or fellowship training in dermatopathology. For B-Path participants, 

expertise was defined as having fellowship training in breast pathology or self-reported perception that their peers considered them to be experts in 
breast pathology.
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Table 2

Summary statistics and associations with pathologist characteristics for metacognitive sensitivity (AUC). P-
values were derived from linear regression models using AUC as a continuous outcome and controlling 
for slide set.

Skin Biopsy M-Path Study (N = 187) Breast Biopsy B-Path Study (N = 
115)

Pathologist Characteristics
Mean of Participant AUC 
(SD) p-value

Mean of Participant 
AUC (SD) p-value

Overall 

Total N 187 115

 All Participants 0.64 (0.10) 0.66 (0.09)

Demographics 

Gender 0.69 0.135

 Male 0.64 (0.09) 0.65 (0.09)

 Female 0.64 (0.11) 0.68 (0.09)

Training and Experience 

Training 0.138 0.99

 Expert 0.65 (0.09) 0.66 (0.10)

 Non-expert 0.63 (0.10) 0.66 (0.09)

Years interpreting melanocytic skin lesions / breast 
pathology cases 0.091

†
0.42

†

 <5 years 0.67 (0.09) 0.66 (0.10)

 5–9 years 0.64 (0.09) 0.68 (0.08)

 10–19 years 0.64 (0.10) 0.67 (0.09)

 ≥20 years 0.63 (0.10) 0.64 (0.09)

Percentage of caseload interpreting melanocytic skin 
lesions / breast pathology cases 0.93

†
0.92

†

 <10% 0.64 (0.10) 0.66 (0.08)

 10–24% 0.65 (0.09) 0.65 (0.09)

 ≥25% 0.63 (0.09) 0.67 (0.12)

Number of melanocytic lesion interpretations in an 
average month 0.25

†

 <25 cases per month 0.63 (0.11)

 25–99 cases per month 0.65 (0.08)

 100–249 cases per month 0.63 (0.10)

 ≥250 cases per month 0.66 (0.09)

Number of breast pathology cases interpreted in an 
average week 0.77

†

 <5 cases per week 0.67 (0.10)

 5–9 cases per week 0.65 (0.08)

 10–19 cases per week 0.67 (0.09)

 ≥20 cases per week 0.64 (0.13)
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Skin Biopsy M-Path Study (N = 187) Breast Biopsy B-Path Study (N = 
115)

Pathologist Characteristics
Mean of Participant AUC 
(SD) p-value

Mean of Participant 
AUC (SD) p-value

Attitudes towards interpreting lesions 

General confidence reported on baseline survey before 
the study: How confident are you in your assessments of 
melanocytic skin lesions / breast pathology cases?

0.50
†

0.50
†

 2 0.62 (0.07) -

 3 0.63 (0.13) 0.68 (0.10)

 4 0.65 (0.11) 0.66 (0.10)

 5 0.64 (0.09) 0.66 (0.08)

 6 (Very Confident) 0.64 (0.09) 0.64 (0.12)

†
Ordinal variables were tested for significance of trend.
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