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Figure 3 Overview of the Survey Interfaces and Evaluation Metrics. (A) Screenshot of the stage 1 survey website (detect-
ing mitoses manually). (B) Screenshot of the stage 2 survey website, where participants detect mitoses with AI recommen-
dations and (C) explainable AI support. (D) A combinatorics (the mathematics of counting and arranging) table was created 
to track and categorize participants’ negligence incidents. Participants’ appropriateness of AI reliance was measured by two 
metrics: Relative Self Reliance (RSR) and Relative AI Reliance (RAIR). Both metrics range from 0 to 1. Higher values indicate 
more appropriate use of AI by the participants.

•	Artificial Intelligence (AI) is a new and powerful tool that can assist pa-
thologists in performing histological analyses.

•	AI systems are not perfect.
•	Pathologists may face adverse outcomes due to negligent reliance on AI.
•	Negligence may involve accepting erroneous AI recommendations or 
overlooking correct ones.
Research Question
1.	 How to define and classify negligence of pathologists when they 
work with AI-assisted systems?
2.	 What patterns of negligence are commonly observed among pa-
thologists using AI assistance?
3.	 What strategies can be implemented to protect pathologists from 
“AI negligence”?

Conducted a survey study, where human pathologists perform mitosis de-
tection with AI assistance:

1.	Invited 11 neuropathologists/neuropathology fellows (AP/CP/NP or 
AP/NP), six pathologists (AP/CP), and 12 pathology residents.
2.	Detected mitoses in 48 selected HPF images (size=0.4mm x 0.4mm = 
0.16mm2) sampled from meningothelial-transitional meningiomas.
3.	Negligence incidents include under-reliance and over-reliance, and 
they were classified according to a combinatorics table.
4.	Participants’ appropriateness level of AI reliance was measured by 
Relative Self Reliance (RSR) and Relative AI Reliance (RAIR).
5.	Synthesized the majority voting decisions by random sampling of 
AI-assisted pathologists, and investigated its efficacy in improving RSR 
and RAIR.
6.	Participants’ correctness in mitosis detection was measured by the 
precision and recall (sensitivity).

•	On average, participants made 15.32 negligence incidents (SD=1.21, 
CI95= [13.00, 17.82]) while working with AI.

•	Majority-voting decisions from three participants reduced negligence in-
cidents to 5.55 (SD=0.20, CI95= [5.15, 5.94]).

•	Majority voting significantly improved RSR (0.78 -> 0.95, ~22% im-
provement) and RSR (0.78 -> 0.87, ~12% improvement), Kruskal-Wal-
lis-Dunn’s test, RAIR: p<0.001, ηH

2=0.057, RSR: p<0.001, ηH
2=0.190.

•	Majority voting significantly improved precision (0.81 -> 0.89, ~10% 
improvement) Kruskal-Wallis-Dunn’s test, Precision: p<0.001, ηH

2=0.125.
However, no significant improvement in recall/sensitivity was observed.
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Figure 2 Overview of the survey study. Two major stages: (1) Stage 1(February 2023 -- April 2023): participants performed 
the mitosis detection task in 48 meningioma high-power-field (HPF) images manually; (2) Stage 2(July 2023 -- August 2023): 
participants detected mitoses in the same 48 HPF images with AI assistance.

A C D

1. HPFs with no/minimal out-of-focus area, 
tissue folding/wrinkling artifacts. 

2. HPFs with at least 50% tumor content. 

3. Mitotic figures at different stages should 
be present. 

4. Very few atypical mitotic figures are 
allowed. 

5. The number of mitotic figures ranges 
from 0 to 6 to represent mitotic counts. 

Criteria for Selecting HPFs
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Figure 1 (A) Two slides from two WHO grade II meningothelial-transitional meningioma cases were collected and scanned 
with Aperio CS2 scanner with 400X magnification (0.25µm/pixel). (B) 48 high-power fields (0.4mm x 0.4mm = 0.16mm2) were 
selected for the survey according to five criteria. (C) An example H&E HPF in the survey, containing six mitotic figures. (D) 
Ground-truth mitosis locations were confirmed with the assistance of Phospho-histone H3 (pHH3) IHC stains.
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Relative Self Reliance (RSR) = 

Relative AI Reliance (RAIR) = 

CSR
CSR + Over-reliance

CAIR
CAIR + Under-reliance

Correctness Scenarios

Incident ClassificationMitosis Ground 
Truth

Human 
Decision 
(Stage 1)

AI Recommendation 
(Stage 2)

Human-AI 
Decision 
(Stage 2)

Did human call it a mitosis?

Stage 1 Stage 2

Not Mitosis TN FP TN No No Correct Self-Reliance 
(CSR)Mitosis TP FN TP Yes Yes

Not Mitosis TN FP FP No Yes Incorrect AI Reliance 
(Over-reliance)Mitosis TP FN FN Yes No

Mitosis FP TP TP No Yes Correct AI Reliance 
(CAIR)Not Mitosis FN TN TN Yes No

Mitosis FN TP FN No No Incorrect Self-Reliance 
(Under-reliance)Not Mitosis FP TN FP Yes Yes

Measuring appropriateness of AI reliance with  
RSR and RAIR

Figure 4 Steps for synthesizing the majority voting decisions from k AI-assisted pathologists: 
(A) random sampling: mitosis reporting from an odd number of k  randomly-sampled, AI-assisted 
pathologists were collected, (B) majority voting: mitoses candidates reported by > k/2 patholo-
gists remained as the final decision.
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Majority Voting

Mitoses candidates agreed by more 
than k/2 pathologists remained as 
the majority voting judgments.

Majority Voting Results
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Figure 5 Majority voting can protect pathologists from negligence by enabling appropriate 
AI reliance: Box-whisker plots of (A) RAIR and (B) RSR for the five conditions of one-human-AI 
collaboration, and majority voting decisions (k=3,5,7,9). Majority voting conditions are significantly 
higher (Kruskal-Wallis-Dunn’s test, RAIR: p<0.001, ηH

2=0.057, RSR: p<0.001, ηH
2=0.190). (C) RSR-

RAIR scatter plots indicate that majority voting can improve RAIR and RSR at the same time.

Note: n.s.: no significance, * p < 0.05, ** p < 0.01 , *** p < 0.001
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Figure 6 Majority voting can improve the overall precision of pathologists: Box-whisker plots 
of (A) precision and (B) recall for the five conditions of one-human-AI collaboration, and ma-
jority voting decisions (k=3,5,7,9). Majority voting conditions of k=5,7,9 have significantly high-
er precisions (Kruskal-Wallis-Dunn’s test, RAIR: p<0.001, ηH

2=0.013). Majority voting conditions 
of k=3,5,7,9 have significantly higher precisions (Kruskal-Wallis-Dunn’s test, RAIR: p<0.001, 
ηH

2=0.013) (C) Precision-recalls plot indicates the majority voting decisions have a low variation.

Check out our pre-print (QR Code) for more information!
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