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A B S T R A C T   

Histopathologists make diagnostic decisions that are thought to be based on pattern recognition, likely informed 
by cue-based associations formed in memory, a process known as cue utilisation. Typically, the cases presented to 
the histopathologist have already been classified as ‘abnormal’ by clinical examination and/or other diagnostic 
tests. This results in a high disease prevalence, the potential for ‘abnormality priming’, and a response bias 
leading to false positives on normal cases. This study investigated whether higher cue utilisation is associated 
with a reduction in positive response bias in the diagnostic decisions of histopathologists. Data were collected 
from eighty-two histopathologists who completed a series of demographic and experience-related questions and 
the histopathology edition of the Expert Intensive Skills Evaluation 2.0 (EXPERTise 2.0) to establish behavioural 
indicators of context-related cue utilisation. They also completed a separate, diagnostic task comprising breast 
histopathology images where the frequency of abnormality was manipulated to create a high disease prevalence 
context for diagnostic decisions relating to normal tissue. Participants were assigned to higher or lower cue 
utilisation groups based on their performance on EXPERTise 2.0. When the effects of experience were controlled, 
higher cue utilisation was specifically associated with a greater accuracy classifying normal images, recording a 
lower positive response bias. This study suggests that cue utilisation may play a protective role against response 
biases in histopathology settings.   

1. Introduction 

Histopathology is a subspecialty of medical pathology where histo-
pathologists visually inspect slides using a light microscope to interpret 
and classify tissue features that are disease processes, normal variants 
and normal. The pathologist’s diagnostic decision is often the starting 
point for determining the patient’s treatment and prognosis. Therefore, 
it is crucial that there is a high level of diagnostic accuracy, including 
low false positive and negative rates, to enable optimal treatment and 
the management of burgeoning medical costs. 

One estimate of the error rate for diagnosis in histopathology across 
different types of cancer is 4.87–11.8% (Raab et al., 2005). Among 
histopathologists, Raab et al. (2005) defined four general error-types 
related to diagnosis, including: (1) defective identifications (e.g., pa-
tient, anatomic location), (2) defective specimens (lost, size), (3) 
defective interpretations (e.g., false negative, false positive, 

mis-classification), and (4) defective reports (e.g., missing diagnostic 
information, dictation error). In considering defective interpretation 
errors, Raab et al. (2005) suggests as contributory factors, a lack of 
knowledge and experience, especially with rare conditions, poor 
perceptual processing, cognitive bias, and/or differences in training or 
experience. 

There is evidence to suggest that a number of factors contribute to 
inconsistencies in diagnostic decisions between histopathologists. For 
example, Elmore et al. (2015) conducted a large study with 115 prac-
ticing pathologists and showed an overall disagreement of 24.7 percent 
among pathologists’ interpretations of breast biopsies. This disagree-
ment tended to be higher for denser breasts among pathologists who 
interpreted lower weekly case volumes and for those who worked in 
smaller practices or non-academic settings. 

In the United States, while 25% of breast lesions biopsied are cat-
egorised as invasive breast cancer (not including the missed cases), the 
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remaining specimens are categorised according to a diagnostic spectrum 
ranging from benign to preinvasive disease (Weaver et al., 2006bib_-
Weaver_et_al_2006bib_Weaver_et_al_2006bib_Weaver_et_al_2006). Le-
sions such as atypia and ductal carcinoma in situ (DCIS) are at a higher 
risk of developing invasive carcinoma. To reduce this risk, patients with 
these lesions require additional surveillance and treatment (Elmore 
et al., 2015). Consequently, it is important that pathologists are able to 
accurately diagnose cases along the full spectrum of possibilities, from 
normal to invasive cancer. 

1.1. The effect of prevalence 

As part of their everyday work routines, many professionals in en-
vironments such as airport security and medical screening must search 
for targets/abnormalities that present less frequently. Originally tested 
in a laboratory setting, Wolfe et al. (2005) manipulated target preva-
lence using visual search tasks with basic stimuli (‘Ts’ and ‘Ls’). They 
measured error rates as a function of the proportion of trials that 
included a target across three prevalence conditions; (1) 1%, (2) 10%, 
and (3) 50% target present trials. As expected, miss-errors increased 
significantly as prevalence decreased. For the low prevalence condition, 
30% of targets were missed. False alarms (saying ‘yes’ when target was 
absent) were relatively rare at 0.03%, suggesting that observers adjust 
their threshold for terminating the search when no target is found. 

The robust effect of prevalence on errors, termed the ‘Low Preva-
lence’ (LP) effect, is caused by changes in decision and response criteria 
(Wolf and Van Wert, 2010). It has been replicated in applied settings 
such as medical screening environments including mammography 
(Evans et al., 2013a) where the prevalence of cancer is only 0.5% (Breast 
Cancer Surveillance Consortium, 2015), and cervical cancer screening 
(Evans et al., 2011), where the base rate of disease is 1–5% (Benard 
et al., 2004). Moreover, these environments demand sustained attention 
since practitioners must continue to search each image thoroughly for 
critical features, despite low disease prevalence. Sustained attention is 
associated with the consumption of cognitive resources, eventually 
resulting in disengagement from the task and increasing the likelihood 
of diagnostic error (Reiner and Krupinski, 2012). 

In a non-screening, histopathology setting, a histopathologist’s vi-
sual search behaviour is likely to be very different from a screening 
context for a number of reasons. Primarily, histopathologists are at the 
final stage of the diagnostic chain and their diagnosis is the foundation 
on which critical patient care decisions are based. Consequently, disease 
prevalence tends to be higher (~91%). Tissue samples will have already 
undergone other diagnostic testing such as surgical incision (e.g., polyps 
during a routine colonoscopy), and mammography (e.g., tissue sample 
categorised as BIRADS-5, ‘highly suspicious of malignancy’) (American 
College of Radiology, 2013). Specimens are also accompanied by clinical 
information and often verbal reports from surgeons during procedures. 
This is likely to create an environment that primes the confirmation of 
an abnormality and raises the question as to whether histopathologists 
succumb to a positive response bias, analogous to a confirmation bias, 
when the disease prevalence is high. 

Confirmation bias is a pervasive issue and occurs when people seek 
out explanations that match recently seen examples to confirm a hy-
pothesis (Klayman and Ha, 1987). In the domain of vision science, 
Rajsoc et al. (2017) showed that, when participants held a certain visual 
search template in mind, they generally prioritised the search for that 
item. Further, when target prevalence is high, people use a 
template-confirming strategy to find a target and do so quickly 
(Walenchok et al., 2020). Confirmation bias has been demonstrated in 
medical environments such as emergency medicine (Pines, 2006), psy-
chiatry (Mendel et al., 2011), radiology (Lee et al., 2013) and derma-
topathology (Crowley et al., 2013). These findings are likely to extend to 
histopathology where disease prevalence also tends to be high. 

As noted earlier, the LP effect in screening environments is typically 
characterised by high false negative rates and low false positive rates 

due to a negative response bias (Stanislaw and Todorov, 1999). How-
ever, there is evidence that the opposite effect occurs in high prevalence 
(HP) contexts. Using a simulated baggage screening visual search task, 
Wolfe and Van Wert (2010) demonstrated that false positive rates 
increased dramatically when observers were searching for weapons in a 
high prevalent condition (98% compared with 50%), suggesting that 
participants experience a positive response bias in HP contexts. 

Studies investigating the effects of prevalence, in both laboratory and 
in real-world settings, have shown that, under HP conditions, it takes 
less evidence to convince participants that an item/abnormality is a 
target and they tend to be more reluctant to stop searching for potential 
targets (Evans et al., 2013a; Horowitz, 2017; Wolfe and Van Wert, 
2010). As a result, miss-errors are rare, but false alarms (i.e., errors when 
cases do not contain a target) tend to be more common, indicating a 
positive response bias (Horowitz, 2017; Wolfe and Van Wert, 2010). 

Carrigan et al. (2021) investigated diagnostic classification in a 
histopathology context and presented 50 histopathologists with a range 
of single images that varied on the level of difficulty related to their 
epidemiological prevalence. Rare diagnoses were rated as difficult. An 
exploratory analysis revealed that the histopathologists were less accu-
rate for the images that were less commonly experienced in practice. 
This suggests a relationship between diagnostic accuracy and the rate at 
which specific diagnoses are encountered in the clinic, or disease 
prevalence. Therefore, in real-world settings, such as histopathology, 
where the observed disease prevalence is high, it is possible that histo-
pathologists will adopt a more liberal criterion resulting in higher false 
positive rates on normal cases (Note: for the purposes of this paper, 
‘prevalence’ relates to the proportion of malignant cases (i.e., it is a task 
context-based definition) not as defined in the clinic by epidemiology). 

1.2. Expertise and cue utilisation 

In medical image perception, successful detection, interpretation and 
diagnosis utilises finely-tuned cognitive processes, including visual 
search, pattern recognition, and interpretation strategies (Krupinski 
et al., 2013). One of the characteristics of domain-specific visual 
expertise is the global and rapid extraction of diagnostic information 
from an image. After a mere 250 ms glance, radiologists can detect ab-
normalities in a mammogram (Brennan et al., 2018; Carmody et al., 
1981; Carrigan et al., 2018; Charness et al., 1996; Evans et al., 2013b), 
and cytologists can detect abnormalities in cervical smears (Evans et al., 
2013a). Experts are also faster to visually fixate on abnormal regions and 
spend less time focusing on non-diagnostic areas in a medical image 
compared with trainees (Kundel and La Follette, 1972; Kundel and 
Nodine, 1975; Kundel et al., 1978; Krupinski et al., 2013). Although it is 
not the typical way that diagnosticians interpret images, studies 
involving fast image presentation provide valuable insights about the 
visual characteristics of expertise as they access well-formed heuristics 
in memory. 

Nodine and Mello-Thoms (2010) proposed that experts in medical 
image processing develop cognitive schemas of normal and abnormal 
cases constructed from patterns in memory gleaned via past experience 
and repeated exposure. Features such as shape are extracted during the 
first glance and are compared against a template or ‘pattern’ in memory 
that is rapidly and non-consciously activated when presented with the 
stimulus (Brunye et al., 2014). However, repeated exposure to cases 
establishes associations between specific features and diagnostic cate-
gories that then become integrated to form patterns serving as ‘cues’ 
(Brunswick, 1955; Croskerry, 2009; Klein, 1989; Wiggins, 2014, 2015; 
Wiggins et al., 2014; Sturman and Wiggins, 2021). For example, a his-
topathologist might associate a certain feature (e.g., architecture) with 
an event (e.g., malignancy). The activation and retrieval of cues from 
long term memory becomes an automatic, heuristic-based process, 
characterised by a reduction in demand on cognitive resources, 
including working memory, while maintaining accuracy and efficiency 
(Evans, 1984; Kahneman, 2003; Sloman, 1996). Further, those 
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practitioners with domain-specific expertise may also demonstrate vi-
sual working memory benefits as has been shown to be the case in other 
domains of expertise (e.g., see Curby and Gauthier, 2007; Curby et al., 
2009). 

Task-related behaviour that is informed by a larger and more precise 
repertoire of cues should result in more rapid and accurate assessments 
of cases, a greater and more rapid delineation between categories of 
features, a greater delineation between relevant and less relevant fea-
tures in contributing to initial assessments of cases, and a greater level of 
prioritisation in acquiring information pertaining to cases (Wiggins, 
2014, 2015, 2021). Drawing on this approach, behavioural assessments 
of cue utilisation have successfully differentiated diagnostic perfor-
mance in a range of medical contexts including histopathology (Carrigan 
et al., 2021), radiology, (Carrigan et al., 2020a), paediatrics (Loveday 
et al., 2013b), and anaesthesiology (Crane et al., 2018). Behaviour 
reflecting higher cue utilisation is associated with greater accuracy in 
both direct and indirect measures of diagnostic performance (e.g., 
Sturman et al., 2019). 

The challenge for histopathologists occurs in situations where there 
is a partial match between histologic patterns and features in memory, 
particularly in time-limited or high-demand settings. While experts will 
often consult resources external to memory, including atlases or gal-
leries of images, colloquially referred to as a process of ‘wallpaper 
matching’, this does not always provide a decisive answer. In addition, 
the patterns and features activated in memory typically guide the use of 
external resources. Given that the activation of patterns during case 
review is reliant on cues in a histopathologist’s memory, it is plausible 
that there are differences in the capacity to utilise cues to protect against 
errors, such as those related to decision biases in high disease prevalence 
contexts where there is a degree of ‘abnormality priming’. 

Extending the exploratory findings in Carrigan et al. (2021) where 
higher cue utilisation was associated with fewer false positives on 
normal cases, the primary goal of the present study was to establish 
whether higher cue utilisation is associated with a reduction in false 
positive rates, and a lower, positive response bias, in the context of 
histopathology. We hypothesised that, where abnormal cases comprise 
the majority of images to which histopathologists are exposed in a 
simulated diagnostic task, emulating the clinic, histopathologists with a 
greater level of cue utilisation would more accurately recognise normal 
images and record fewer false positives. Second, we hypothesised that 
histopathologists with a greater level of cue utilisation would record a 
lower positive response bias. 

2. Method 

2.1. Participants 

To check experimental timings and instruments, pilot data were 
collected from nine histopathologists across a range of experience and 
who were familiar with reporting histopathological specimens. Experi-
mental data were then collected from 82 participants who participated 
online. All reported normal or corrected-to-normal vision, and all were 
naïve to the purposes of the experiment. Seven participants reported 
completing a 2019 experiment using similar methodology. In return for 
participation, participants were offered the chance to win an iPad. The 
study was approved by Macquarie University Human Research Ethics 
Committee. 

The participants completed an online, 40-min task that included the 
following tasks in blocked order: (1) a demographic survey, (2) an 
assessment of cue utilisation using the Expert Intensive Skills Evaluation 
platform (EXPERTise 2.0; Wiggins et al., 2015), and (3) a static image 
diagnostic task that provided an independent measure of diagnostic 
performance with normal, benign, and malignant breast diagnoses. 

2.2. Demographic survey 

The participants were asked to indicate their age, sex, handedness, 
qualifications, their number of years of experience in histopathology, 
the number of cases performed per day, the number of cases performed 
per year, whether they held a sub-specialty within histopathology, and 
their experience reading breast histopathology cases. 

2.3. Experience score 

As the stimuli presented in the independent assessment of diagnostic 
performance comprised breast cases, we intended to objectively quan-
tify self-reported experience with breast cases. Participants answered 
three items based on a similar method reported in Sunday et al. (2018). 
The first item was intended to establish the frequency with which par-
ticipants interpreted breast cases, with responses ranging from 
‘routinely interpreting breast cases independently’ to ‘never interpreted 
breast cases’. The second item sought information pertaining to medical 
training, with responses ranging from ‘a qualified pathologist’ to ‘a 
registrar/resident’. The final item recorded the year of training for those 
participants who were registrars/residents (range 1–7, where 7 repre-
sented a qualified pathologist). The scores ranged from 13 (routinely 
interpret breast cases independently, qualified pathologist) to 3 (never 
interpreted breast cases, not qualified). Note that this score is an index of 
experience and does not translate directly to years of experience. 

2.4. Cue utilisation 

Cue utilisation was assessed using the histopathology edition of the 
Expert Intensive Skills Evaluation platform (EXPERTise 2.0; Wiggins 
et al., 2015), the construct validity of which was established previously 
in Carrigan et al. (2021). EXPERTise 2.0. is an online assessment tool 
that incorporates five tasks that are designed to assess behaviour that 
corresponds to the utilisation of cues in a specific domain. The tasks are 
summarised below, but see Carrigan et al. (2021) for a detailed 
description. 

In the Feature Identification Task (FIT), participants are asked to 
identify, as quickly as possible, a single abnormality or area of concern 
from a series of visual images. In the histopathology edition, the 
anatomical location of the abnormal histopathological images 
comprised the breast (2 images), lung (2 images), gastrointestinal tract 
(4 images), liver (2 images) and salivary gland (1 image). The response 
is made under free-viewing conditions, no feedback is provided, and 
there were 16 images presented (including 1 practice trial). Higher cue 
utilistion is generally associated with lower mean response latency, 
reflecting the rapid and targeted identification of an area, rather than an 
exhaustive search (Loveday et al., 2013a). 

In the Feature Recognition Task (FRT), participants are asked to 
classify visual stimuli following a short exposure. No feedback is pro-
vided. The histopathology edition incorporated 21 histopathological 
images (including 1 practice trial) that were presented for 4000 ms. 
Following exposure, participants were presented with five, multiple 
choice options from which they were asked to select a category as their 
response (Benign Neoplasm, Malignant Neoplasm, Reactive/Inflamma-
tory Process, Developmental, Metabolic). Higher cue utilisation is 
generally associated with greater accuracy (Wiggins & O’Hare, 2003). 

In the Feature Association Task (FAT), participants are asked to 
assess the relatedness of pairs of text-based, task-related stimuli as 
rapidly as possible using a six-point Likert Scale, ranging from ‘highly 
related’ to ‘not at all related’. For example, ‘Granulation Tissue’ 
(feature) might be followed by ‘Tuberculosis’ (event). In the histopa-
thology edition, seven pairs were less likely to be related, (e.g., ‘Amy-
loid’ (feature)) followed by ‘Grass’ (event) and eight were more likely to 
be related in practice (e.g., ‘Bubbly Cytoplasm’ (feature) followed by 
‘Chordoma’ (event)). The pairs of features were text-based, comprised 
16 pairs (including 1 practice trial) and were presented for 1000 ms. 
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Higher cue utilisation is typically associated with greater variance in the 
perceived relatedness of the terms as a function of response latency 
(Morrison et al., 2013). 

In the Feature Discrimination Task (FDT), participants are presented 
with a short, written description of a problem-oriented scenario after 
which participants are asked to select their initial response. Having 
selected their response, participants are presented with a list of features 
that were incorporated in the scenario and are asked to rate, using a 10- 
point Likert scale ranging from ‘very important’ to ‘not all important’, 
the importance of features in determining their initial response to the 
problem (e.g., ‘Time of Day’, ‘Family History’). Higher cue utilisation is 
associated with greater variance across feature-relevance ratings (Weiss 
and Shanteau 2003; Pauley et al., 2009). 

For the Feature Prioritisation task (FPT), participants are presented 
with incomplete, descriptive scenarios with additional information 
available from a list of 14 information screens (feature cues). The in-
formation from these screens is revealed once selected with the sequence 
of information acquisition recorded. In the histopathology edition of 
EXPERTise 2.0, participants were advised initially that ‘You are doing 
routine reporting. As quickly as possible, access the information below 
that you feel is necessary to decide on your response.’ Participants were 
given 40 s to review the features and acquire as much information as 
they considered necessary (e.g., ‘Clinical Impression’, ‘Low power 
microscopic image’) to respond to the situation described. Higher cue 
utilisation is associated with a lower ratio of pairs of information screens 
accessed in the sequence in which they were presented against the total 
pairs of information screens accessed (Wiggins & O’Hare, 1995; Wiggins 
et al., 2002) (See Table 1). 

The test-retest reliability of each of the tasks that comprise EXPER-
Tise 2.0 has been demonstrated in the context of audiology (Watkinson 
et al., 2018) and network power control (Wiggins et al., 2020), while 
test-retest reliability of classifications based on performance aggregated 
across the five tasks has been demonstrated in the context of electrical 
transmission power control (Loveday et al., 2013a). The construct val-
idity of the EXPERTise 2.0 classifications has been demonstrated in 

transmission and distribution power control (Loveday et al., 2013a; 
Sturman et al., 2019b), software engineering (Loveday et al., 2014), and 
aviation (Wiggins et al., 2014), while predictive validity has been 
demonstrated in audiology (Watkinson et al., 2018). 

2.5. Diagnostic performance 

Diagnostic performance was assessed using a static image diagnostic 
task. The stimuli consisted of one practice and 135 experimental breast 
histopathology images comprising three diagnostic categories (malig-
nant, benign, normal) (See Table 2). 

The abnormal images consisted of the abnormal region prominently 
and centrally located surrounded by a background of normal breast 
tissue. Our aim was to emulate the low prevalence of pathology-absent 
diagnoses that is typical in non-screening histopathology settings by 
including a disease prevalence of 91% (malignant and benign images). 

The participants saw each image for 1500 ms. This presentation time 
was selected so that diagnostic information could be extracted but 
constrained. Typically, histopathologists view images without time re-
striction. However, experts can extract a significant amount of infor-
mation with short exposure times, even out of their awareness (e.g., 
Carrigan et al., 2018; Evans et al., 2013a). Therefore, to limit the par-
ticipants’ ability to use other information/strategies and to enable us to 
better assess the role of cue-based associations in facilitating their per-
formance, a short exposure time is required. The participants were 
instructed: ‘Please indicate as quickly as possible whether you think the 
image represents: (a) Normal tissue, (b) Benign tissue, or (c) Malignant 
tissue (including non-invasive, pre-invasive or invasive carcinomas.)’ 
The de-identified, images were provided by a subject matter expert and 
co-author (AC) and were downsized from 1216 x 668px to 765 x 420px 
for the experiment (See Fig. 1). 

2.6. Procedure 

Due to the global pandemic, the experiment was conducted online. 
The participants were invited to participate via professional newsletters 
and networks. They were asked to use at least a 13-inch screen for the 
study (not a tablet or phone) and complete it at a time when they were 
least likely to be disturbed. All of the tasks within EXPERTise 2.0 were 
presented in a prescribed order and the scenarios were randomised 
within each task. After completing a series of demographic questions, 
each task began with a practice trial followed by the five EXPERTise 2.0 
tasks. For the diagnostic task, the participants were presented with one 
practice trial followed by 135 randomised experimental trials. Informed 
consent was obtained from all participants and no feedback was 

Table 1 
Summary of EXPERTise 2.0 tasks.  

Task Cognitive Process 
Examined 

Task Description Measure Validity/ 
Reliability 

FIT Identification of 
predictive 
features 

Identify, as quickly 
as possible the area 
of concern. 

Response 
latency 

Loveday 
et al. 
(2013) 
Wiggins 
et al. 
(2014b) 

FRT Identification of 
predictive 
features 

Select the category 
of abnormality, 
displayed for 4 s. 

Accuracy Loveday 
et al. 
(2013a) 

FAT Feature-event 
relationships in 
memory 

Rate the strength of 
perceived 
associations 
between the 
feature-event 

Variance 
divided by 
response 
latency 

Morrison 
et al. 
(2013) 

FDT Discrimination 
between 
predictive 
features 

Rate the relative 
importance of 
features during a 
task-related 
problem-solving 
process. 

Variance Pauley 
et al. 
(2009) 

FPT Prioritisation of 
feature-event 
relationships 

Acquire task- 
related information 
to solve a problem- 
solving process. 

Ratio of 
sequential to 
non- 
sequential 
menus 
accessed 

Wiggins 
and O’Hare 
(1995) 
Wiggins 
et al. 
(2002) 

Note: EXPERTise = EXPERT Intensive Skills Evaluation; FIT = feature identifi-
cation task; FRT = feature recognition task; FAT = feature association task; FDT 
= feature discrimination task; FPT = feature prioritisation task. 

Table 2 
The category clusters and prevalence of the experimental images.  

Category Diagnosis Number of 
Images 

Category 
Prevalence (%) 

Malignant Infiltrating carcinoma 
Infiltrating lobular carcinoma 
Tubular carcinoma 
Invasive micropapillary 
carcinoma 
Angiosarcoma 
Ductal carcinoma insitu 

99 73 

Benign Fibroadenoma 
Gynecomastia 
Apocrine metaplasia 
Adenosis 
Sclerosing adenosis 
Fibroadenomatoid stromal 
hyperplasia 
Lactational change 

24 18 

Normal Normal lobules 
Normal ducts 
Normal fat and fibrous tissue 

12 9  
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provided. 

3. Results 

3.1. Demographic survey 

Of the 82 histopathologists, 56 were female, eight were left-handed, 
62 were fully qualified, eight reported a specialty in breast cases and all 
were proficient in English. For breast pathology experience, 35 partici-
pants routinely interpreted breast cases independently, 12 interpreted 
breast cases independently on occasion, 28 interpreted breast cases only 
under supervision, and seven had never interpreted breast cases. The 
mean age, years of experience, the number of cases performed per day 
and per year, and experience scores for the cohort are listed in Table 3. 

3.2. Preliminary analysis 

All statistical analyses were performed using IBM Statistical Package 
for the Social Sciences (SPSS Version 25). The participants’ raw scores 
for each of the five EXPERTise 2.0 tasks were standardised (z scores) and 
then aggregated across the five tasks. The dependent variable for the 
diagnostic task that included three response categories (Malignant, 
Benign, and Normal) was proportion correct. Signal detection theory 
was used to calculate a measure of response bias, criterion or c, that 
represents a participant’s willingness to respond ‘abnormal’ indicating 
that disease is present. A value of 0, indicates that there is no response 
bias. Negative c scores indicate that a person is biased towards 
responding ‘abnormal’, whereas positive c scores indicate that a person 
is biased towards responding ‘normal’ (Stanislaw and Todorov, 1999). 

Seven outlier cases that violated the assumption of normality 
(extremely low scores, or 0) were removed from the dependent variable 
data. These included two cases (one qualified but retired histopatholo-
gist, experience ranged from 0 to 35 years) from the Malignant category; 
three cases (one trainee, experience ranged from 0 to 21 years) from the 
normal category, and two cases (one trainee, experience ranged from 

0 to 21 years) from Criterion. Note: One of the normal cases and one of 
the Criterion cases were removed from the same participant. 

3.3. Correlations between demographic and dependent variables 

A series of correlations were conducted between the demographic 
variables, accuracy on the diagnostic task, and criterion. Statistically 
significant, positive Pearson’s correlations were evident between the 
self-reported experience score and accuracy on the benign images; r(82) 
= 0.27, p = .016, and the normal images, r(79) = 0.28, p = .012. In 
addition, an independent t-test, incorporating cue utilisation as the 
grouping variable, revealed that the higher cue utilisation group 
recorded a higher (self-reported) experience score than did the lower 
cue utilisation group, t(80) = - 4.25, p < .0001. Experience score was not 
correlated with Criterion, r(80) = 0.08, p = .5. Therefore, experience 
score was included as a covariate in the first analysis only. There were no 
other statistically significant correlations evident that related to diag-
nostic performance (p > .05). 

3.4. Cue utilisation 

Cue utilisation was established based on the participant’s perfor-
mance across the five tasks included in EXPERTise 2.0. Consistent with 
the standard approach to EXPERTise data (e.g., Carrigan et al., 2020b; 
Falkland and Wiggins, 2019; Sturman et al., 2019), a k-means cluster 
analysis identified two groups with centroids corresponding to a pattern 
which confirmed expectations concerning the patterns of behaviours 
distinguishing higher from lower cue utilisation groups. Thirty-three 
participants comprised a group whose behaviour of which was consis-
tent with lower cue utilisation, while 49 participants comprised a group 

Fig. 1. Exemplar of a trial for the diagnostic task. Answer = Malignant (Invasive carcinoma).  

Table 3 
Demographic variables and experience score for the eighty-two 
histopathologists.  

Variable Mean SD Range 

Age (years) 43.57 11.15 26–75 
Years of experience 10.27 11.1 0–45 
Number of cases per day 26.01 22.41 0–110 
Number of cases per year 3827.94 4545.15 0–23 000 
Experience Score 10.43 3.15 1–13 

Note: One histopathologist was retired. 

Table 4 
Centroids for the standardised scores for each of the EXPERTise 2.0 five tasks 
distributed across the two groups that were delineated by a k-means cluster 
analysis (n = 82).   

Cluster 1: Cluster 2: 

Lower Cue Utilisation 
Group 

Higher Cue Utilisation 
Group 

(n = 33) (n = 49) 

Task Centroid Centroid 
Feature Identification .65000 -.43776 
Feature Recognition -.52093 .35083 
Feature Association -.81143 .54647 
Feature 

Discrimination 
-.50977 .34332 

Feature Prioritisation .03393 -.02285  
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whose behaviour reflected higher cue utilisation. 
Table 4 presents the centroids for each EXPERTise task, for the two 

cue utilisation groups. The pattern of the centroid values represents the 
relative performance of both groups. For example, in the FIT, the higher 
group are faster to identify features in the image than the lower group 
(negative value compared to a positive value), and in the FRT, the higher 
group are more accurate in recognising the category of abnormality 
compared with the lower group (positive value compared to a negative 
value). For the FAT and FDT, the higher group recorded greater variance 
than the lower group (positive value compared to a negative value) and 
for the FPT, the higher group have a lower ratio of pairs compared to the 
lower group (negative value compared to a positive value). 

Table 5 summarises the distribution of the trainee and qualified 
pathologists across the cue utilisation groups. A Pearson Chi-square test 
revealed that the trainee pathologists (n = 20) were not statistically 
more likely to cluster into either cue utilisation group, χ2(1,11) = 18.69, 
p = .067. 

3.5. Diagnostic performance 

Diagnostic performance was measured as accuracy on the static 
whole slide image diagnostic task (see Fig. 2). 

To examine our first hypothesis and test the contribution of cue 
utilisation to the diagnostic performance (accuracy) across abnormal 
and normal images for histopathologists, a 2 x (3) mixed-repeated 
Analysis of Covariance (ANCOVA) was performed, with cue utilisation 
as a between groups variable (Higher, Lower), the diagnostic category as 
a within-groups variable (Malignant, Benign, and Normal), and the 
experience score as a covariate. A Greenhouse-Geisser adjustment was 
applied to correct for a violation of the assumption of sphericity. 

As evident in Fig. 3, the results revealed a statistically significant cue 
utilisation × category interaction for accuracy, F(2,148) = 4.73, p =
.015, ηp

2 = 0.06. Post hoc tests (Bonferroni corrected, alpha = .05/3) 
revealed that, for normal images, higher cue utilisation was associated 
with greater accuracy (M = 75.33%, ±6.97) compared with lower cue 
utilisation (M = 61.25%, ±8.4), controlling for experience (p < .0167). 
There were no statistically significant differences evident between the 
cue utilisation groups on either of the malignant, nor the benign images 
(p > .0167). These results suggest that, when controlling for self- 
reported experience, the capacity to employ cue-based strategies is 
associated with a reduction in positive response bias, when classifying 
normal images within a set of high frequency of pathological images (see 
Fig. 3). 

We next hypothesised that histopathologists with a greater level of 
cue utilisation would record a lower positive response bias, as measured 
using the index of response bias derived from signal detection theory, i. 
e., criterion, or c. A one way ANOVA was performed with cue utilisation 
as a between groups variable (Higher, Lower), to test its contribution to 
c. A statistically significant main effect was evident for cue utilisation, F 
(1, 78) = 5.92, p = .02, ηp

2 = 0.07, where those participants with higher 
cue utilisation recorded a lower positive response bias (M = − 0.01, SD 
= 0.37) compared to those participants with lower cue utilisation (M =
− 2.33, SD = 0.43). This suggests that the responses of participants with 
higher cue utilisation appear less impacted by the prevalence of non- 
normal images (see Fig. 4). 

4. Discussion 

The aim of this study was to investigate whether differences in cue 
utilisation differentiated performance and decision criterion on normal 
images in the context of histopathology, where such cases are relatively 
uncommon in the typical caseload. Consistent with our first hypothesis, 
and controlling for the effects of experience, higher cue utilisation was 
associated with an increased capability to categorise normal images 
correctly, resulting in a lower false positive rate. Our second hypothesis 
was also confirmed suggesting that higher cue utilisation was associated 
with a lower positive response bias. 

Errors for the normal images, that is false positive errors, were 
greater than errors for the abnormal images (false negative errors) 
amongst both the lower and higher cue utilisation histopathologist 
groups. Since normal images were relatively less frequent in the set of 
images presented, and exposure to the images was brief, we predicted 
that responses would be influenced by a positive response bias, which 
was confirmed by the second analysis. Notably, those histopathologists 
with higher cue utilisation recorded fewer false positive errors and a 
reduced response bias. Therefore, our findings are consistent with 
greater cue utilisation, reflecting a more comprehensive and precise 
repertoire of cue-based associations in memory, potentially reducing the 
influence of a positive response bias on the classification of normal 
images to which exposure is less frequent. 

The outcomes of the present study, together with previous findings, 
suggest that behaviour associated with higher cue utilisation is associ-
ated with the accurate diagnosis of less prevalent cases, whether they are 
examples of rarely seen pathologies or the occasional pathology-absent 
case in the histopathologist’s caseload. These findings are also consistent 
with previous research demonstrating fewer false positive errors 
amongst pathologists with higher cue utilisation (Carrigan et al., 2021) 
and research linking higher cue utilisation with better performance in 
medical and non-medical domains more generally (Brouwers et al., 
2016; Carrigan et al., 2020a; Falkand and Wiggins, 2019; Sturman et al., 
2019). 

Case difficulty increases when pathologies are not seen frequently. 
False negative errors can occur because the disease is less prevalent, or 
the histopathologist has limited experience with certain pathologies. 
False positive errors can also occur when exposure to normal cases is 
limited. Elmore et al. (2015) noted that pathologists who performed 
lower weekly case volumes, worked in smaller practices and 
non-academic settings were at higher risk of error. Importantly, the 
current study suggests that cue utilisation may contribute to a level of 
protection against these types of errors. 

Histopathologists test the working diagnoses derived from clinical 
examination and other investigations, and only tissue thought to be 
abnormal is biopsied for pathological examination. Therefore, the vast 
majority of cases examined by histopathologists contain a pathological 
abnormality, with only a minority of tissue specimens found to be 
pathology-free. Amongst histopathologists, the consequence of this 
imbalance would be a relatively greater familiarity with abnormal cases 
and less familiarity with normal cases. To compound this problem, 
traditional teaching and proficiency testing in histopathology tends to 
focus on the recognition of abnormal cases, with little focus on the range 
and variants of normal, pathology-absent cases. Differences in famil-
iarity are likely to lead to differences in the precision and strength of 
cue-based associations that are acquired in memory. In the absence of 
precise cues, categorical assessments are likely influenced by the ease 
with which exemplars with similar characteristics can be brought to 
mind, rendering such judgments more vulnerable to contextual factors 
such as prevalence. 

As a group, the histopathologists could accurately detect malignant 
(M = 81.5%, SD = 8.38) and benign (M = 71.6%, SD = 15.13) pathology 
in our task. These results are consistent with evidence that error rates in 
histopathology are generally low for abnormal cases (Raab et al., 2015). 
However, the abnormal images used in the present study were selected 

Table 5 
Frequency of trainee and qualified pathologists per cluster group.   

Cluster 1: 
Lower Cue Utilisation Group (n =
33) 

Cluster 2: 
Higher Cue Utilisation Group (n =
49) 

Trainees 14 6 
Qualified 19 43  
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as relatively typical (i.e., high prevalence) examples of breast disease, 
such as infiltrating carcinoma, and fibroadenoma. Further, the diseased 
area within each image was located centrally. This may have improved 
participant’s accuracy as the brief exposure time (1500 ms) would have 
only allowed for a few visual saccades, so fixation was most likely 
central. The accuracy with which the histopathologists were able to 
classify images that were presented briefly is consistent with a cue-based 
strategy, that is, where performance is supported by a rapid visual 
identification of implicit patterns, and their relevant feature-based as-
sociations in memory. 

The histopathologists viewed the images briefly (1500 ms), which is 
not necessarily how diagnoses are made in the clinical setting. This short 
time period was selected based on robust findings in radiology and 
cytology settings that experts can extract a large amount of diagnostic 
information in less than 1 s (e.g., Brennan et al., 2018; Carmody et al., 
1981; Carrigan et al., 2018; Charness et al., 1996; Evans et al., 2013a). 
Indeed, Mello-Thoms (2009) argues that the information extracted in 
the first second from an image influences the overall diagnosis. This 
suggests that a longer exposure time is not likely to affect performance in 

the current study. A future study that presents a range of presentation 
times (e.g., 250 ms, 1000 ms, 10 000 ms), including eye-tracking mea-
sures to examine how exposure affects diagnosis, would be beneficial. 

Laboratory studies investigating prevalence have shown that, under 
high prevalent conditions, it takes less evidence to convince participants 
that an item/abnormality is a target and they tend to be more reluctant 
to stop searching (Horowitz, 2017; Wolfe and Van Wert, 2010). As a 
result, miss-errors are rare, but false alarms, i.e., errors when cases do 
not contain a target, are more common (Horowitz, 2017; Wolfe and Van 
Wert, 2010). It is also evident that participants tend to use a 
template-confirming strategy to locate a target efficiently (Walenchok 
et al., 2020). Although the present study does not replicate the typical 
process by which a histopathologist reviews cases in the clinic where 
there is the capability to pan and zoom in on a site, the findings reported 
here are consistent with previous, experimental findings, thereby 
providing support for the potential role of cue utilisation in mitigating 
the impact of response biases on diagnostic performance. 

A greater repertoire of more precise cue-based associations in 
memory is likely to enable the differentiation of similar cases, 

Fig. 2. Accuracy on the diagnostic task for seventy-seven pathologists. Errors bars represent 95% confidence intervals.  

Fig. 3. Accuracy on the diagnostic task for seventy-seven pathologists, distributed across cue utilisation, controlling for experience. Errors bars represent 95% 
confidence intervals. 
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irrespective of their prevalence within a set. General heuristics, such as 
confirmation bias, are applied, in part, to reduce the cognitive load 
associated with an otherwise demanding process of examination. The 
outcomes of the present study suggest that the availability and appli-
cation of cues in memory may obviate the tendency to rely on general 
heuristics that are likely to result in error and misdiagnosis. 

The relationship between experience and cue utilisation in the pre-
sent study contrasts with a number of previous studies that have failed to 
show such a relationship (e.g., Carrigan et al., 2020a; Crane et al., 2018). 
These findings seem somewhat counterintuitive as it makes logical sense 
that ‘experience’ would be associated with improved performance. 
However, these studies measured broad, self-reported estimates of 
general experience, such as years of practice or the number cases per-
formed per year, while in the current study, the experience score was 
based on three metrics (qualification, years of practice, and experience 
specifically reporting breast cases). The presence of a relationship be-
tween cue utilisation and experience in the present data suggests that 
including multiple indicators of ‘experience’ should be considered for 
future studies as it may provide a more sensitive and reliable measure of 
exposure and the opportunity to acquire and retain task-related cues in 
memory. 

The outcomes of the present study have implications for educational 
initiatives within environments such as histopathology where target or 
disease prevalence is relatively high, compared with screening envi-
ronments. This study suggests that cue utilisation may play a protective 
role against a positive response bias in histopathology settings. Given 
that current training protocols focus on the identification of disease to 
support the confirmation of disease, the inclusion of cue-based training, 
specifically pertaining to the recognition of normal cases, may reduce 
false positive errors. Educational initiatives would be beneficial that 
focus on cue acquisition, interpretation, and integration that are asso-
ciated with implicit patterns within their diagnostic environment. For 
example, trainee education and continuing education and proficiency 
testing for histopathologists should include a range of normal, non- 
pathological tissue types that provide explicit opportunities for the 
acquisition and retention of associations in memory. Together with 
ongoing exposure and continuous assessment and feedback, this will 
provide practitioners with opportunities to acquire and maintain a 
comprehensive library of cues that enable the recognition of non- 
pathological tissue types. This should reduce the error of overcalling 
normal tissue as pathological, and thereby reduce the potential for pa-
tient harm. 

4.1. Limitations and future directions 

Although the results suggest that cue utilisation is associated with 
performance in a high disease prevalence context, causality cannot be 
inferred in this instance. While the role of experience was controlled 
statistically, it would be useful to test the role of cue utilisation where 
different levels of prevalence can be manipulated to examine the pro-
pensity for false positives during skill acquisition. Opportunities for 
future research also lie in comparing other types of practitioners, such as 
technologists or screeners, where the prevalence context differs from 
specialists. 

In clinical practice, the misinterpretation of a benign cases as cancer 
is another type of false positive error. While we failed to find a rela-
tionship between cue utilisation and accuracy for this type of case, in 
general, benign cases were associated with lower levels of accuracy 
amongst the histopathologists tested. Therefore, there is a need for 
further research investigating the mechanisms that enable the recogni-
tion of benign cases. One possibility is that benign cases may correspond 
too closely to cancer cases in their cue-based representations in memory 
and thus, may typically require technological support, or further case 
information, to be classified correctly. Understanding the limitations of 
cue utilisation may provide an opportunity to consider strategies that 
optimise the relationship between human and technology-oriented 
diagnosis. 

5. Conclusion 

This study was designed to test the role of cue utilisation in the 
diagnostic performance of histopathologists where disease prevalence is 
high. In diagnostic decision making, a degree of ‘abnormality priming’ 
may shift decision criteria, leading to a positive response bias that can 
result in diagnostic error. Accounting for experience, histopathologists 
with a higher capacity for cue utilisation classified normal images more 
accurately and recorded a lower positive response bias, suggesting a 
protective effect where there is a high prevalence of specific types of 
images in a set. These results are significant as it is crucial that trainees 
and experienced histopathologists develop and maintain their ability to 
recognise the range and variability of normal pathology to avoid false 
positive errors and subsequent harm to patients. 
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