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Differentiating Experience From Cue Utilization in 
Radiological Assessments
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Macquarie University Hospital, Sydney, Australia, Andrew Georgiou, Kim M. Curby, 
Macquarie University, Sydney, Australia, Thomas J. Palmeri, Vanderbilt University, 
Nashville, TN, USA, and Mark W. Wiggins, Macquarie University, Sydney, Australia

Objective: This research was designed to examine the 
contribution of self- reported experience and cue utilization to 
diagnostic accuracy in the context of radiology.

Background: Within radiology, it is unclear how task- 
related experience contributes to the acquisition of associ-
ations between features with events in memory, or cues, and 
how they contribute to diagnostic performance.

Method: Data were collected from 18 trainees and 41 
radiologists. The participants completed a radiology edition of 
the established cue utilization assessment tool EXPERTise 2.0, 
which provides a measure of cue utilization based on perfor-
mance on a number of domain- specific tasks. The participants 
also completed a separate image interpretation task as an in-
dependent measure of diagnostic performance.

Results: Consistent with previous research, a k- means 
cluster analysis using the data from EXPERTise 2.0 delineated 
two groups, the pattern of centroids of which reflected higher 
and lower cue utilization. Controlling for years of experience, 
participants with higher cue utilization were more accurate on 
the image interpretation task compared to participants who 
demonstrated relatively lower cue utilization (p = .01).

Conclusion: This study provides support for the role of 
cue utilization in assessments of radiology images among qual-
ified radiologists. Importantly, it also demonstrates that cue 
utilization and self- reported years of experience as a radiol-
ogist make independent contributions to performance on the 
radiological diagnostic task.

Application: Task- related experience, including training, 
needs to be structured to ensure that learners have the op-
portunity to acquire feature–event relationships and internal-
ize these associations in the form of cues in memory.

Keywords: naturalistic decision making, radiology and 
medical imaging, organizational psychology

Radiologists are medical doctors who have under-
gone specific postgraduate training in performing 
and interpreting diagnostic imaging tests and pro-
cedures. They are required to search an often clut-
tered medical image for a target (e.g., mass) while 
ignoring distractors (e.g., normal anatomical 
structures) and formulate a diagnostic decision 
based on interpretations of anatomy abstracted 
from the image. The tests that are employed by 
radiologists involve the use of two- dimensional 
(2D) displays (e.g., plain X- ray, mammograms) 
together with dynamic (e.g., ultrasound) and 
three- dimensional (3D) examinations (e.g., com-
puter tomography and magnetic resonance imag-
ing). Using medical imaging, radiologists form 
a core part of a multidisciplinary team that is 
trained to assist other doctors and specialists who 
treat patients by formulating diagnoses and pro-
viding patient treatment (e.g., drug therapy).

In contemporary radiology, the imaging 
modalities and the role of the radiologist in 
interpreting these images are changing rap-
idly. Medical images have increased in size 
and complexity, thereby increasing cognitive 
demands (Andriole et al., 2011). Rather than a 
2D chest radiograph, referring physicians are 
increasingly requesting volumetric scans (3D) 
such as 1,000- slice, high- resolution chest com-
puter tomograms (CTs) where the radiologists 
must mentally translate a 2D representation into 
3D (Drew, Võ, Olwal, et al., 2013). While vol-
umetric imaging is associated with improved 
accuracy, more time tends to be spent reviewing 
each case, and sections of the images are often 
overlooked (Adamo et al., 2018). Misdiagnoses 
occur when an image is not perceived and inter-
preted accurately and it constitutes a costly 
issue, both financially and medically, for the 
health industry.
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In radiology, like other health professions, 
the consequences for errors can be extremely 
serious and false negatives result in misdiag-
noses. For instance, a missed breast carcinoma 
on a mammogram is likely to result in delayed 
treatment, thereby reducing rates of survival. 
According to Berlin (2005), there may be up to 
a 30% miss error rate and an equally high false 
alarm rate for radiologists. Others have reported 
significant or major errors in the range of 2% 
to 20% (Goddard et al., 2001). Missed cancers 
can be attributed to diagnostic error in approx-
imately 30% of cases (Lee et al., 2013), which 
can lead to catastrophic outcomes.

Kundel et al. (1978) examined radiologists’ 
eye- gaze patterns when searching for lung can-
cers in chest radiographs and classified errors 
into three main categories: visual search errors, 
where they never fixate the abnormality (30%); 
recognition errors, where the abnormality is fix-
ated but only briefly (25%); and decision errors, 
where the abnormality is fixated but actively 
dismissed as an abnormality (45%). Other error 
types include subsequent search misses, where 
the detection of the first abnormality interferes 
with the detection of others (Adamo et al., 2013; 
Berbaum et al., 1990; Tuddenham, 1962), and 
inattentional blindness, where sustaining atten-
tion to a specific target can cause an obvious, 
unexpected target to be missed (Drew, Võ, & 
Wolfe, 2013; Mack & Rock, 1998; Simons & 
Chabris, 1999). The cost of these errors in both 
financial and social terms makes it crucial to 
understand the cognitive processes that radiolo-
gists utilize in the interpretation of images.

Like many other visually dependent disci-
plines, the interpretation of medical images not 
only requires years of training with exposure to 
hundreds of images, but it is a skill that demands 
continuous practice. For example, in practice, 
breast radiologists who report mammograms 
in screening programs interpret 2,500 to 4,000 
cases/year (Rawashdeh et al., 2013). Kundel 
and Nodine (1975) propose that, as expertise 
is acquired, a radiologist shifts the perceptual 
mechanisms that are used in image interpreta-
tion from recognition- by- parts (feature- based) 
to the holistic recognition- by- whole. It has 
been hypothesized that, over time, and hav-
ing reviewed hundreds of images, a type of 

perceptual fine- tuning occurs for relevant fea-
tures, or abnormalities (Nodine & Krupinski, 
1998).

In the case of an abnormal finding, radiolo-
gists are presumed to recognize larger perceptual 
units as chunks with their initial response based 
on a mental representation of a set of features 
or a global pattern. The “patterns” extracted in 
the first glance contain relevant information that 
is then compared against a normal anatomical 
template or script, stored in memory (Nodine 
& Mello- Thoms, 2010). Pattern recognition 
is a mechanism that involves the automatic, 
nonconscious recognition of either the norm 
or a “disruption” to the norm that is based on 
domain- specific patterns (Croskerry, 2009; 
Klein, 1989). The rapid extraction of these diag-
nostic “patterns” comprises a learned skill that 
radiologists are expected to develop over time 
and with experience.

The successful activation of patterns depends 
on a signal extracted from the environment (e.g., 
local feature) that activates a previously acquired 
repertoire of feature–object/event associations in 
memory that serve as “cues” (Brunswik, 1955; 
Wiggins, 2014, 2015; Wiggins, Brouwers, et al., 
2014). For example, a radiologist reading a mam-
mogram might associate evidence of microcalci-
fications in a particular region of a breast image 
(feature) with the possibility of a tumor (event). 
Exposure to repeated occasions where instances 
of this feature–event relationship are evident 
means that this association, together with its many 
variants, will be retained in long- term memory 
and activated following exposure to a feature(s). 
With expertise, the instances of these cue- based 
associations are likely to become integrated and 
the activation process automatized, affording 
greater levels of accuracy and reduced response 
latency, while minimizing demands on cogni-
tive resources (Curby & Gauthier, 2007; Curby 
et al., 2009). In radiology, it is plausible that 
successful cue utilization results in an efficient 
strategy, reducing cognitive demands, increasing 
their capacity to learn, and thereby their ability 
to recognize patterns or abnormalities in medical 
images.

Despite similar levels of expertise, opera-
tors’ responses to different environmental fea-
tures tend to be highly idiosyncratic, consistent 



with the nature of cue acquisition. Therefore, 
it can be difficult to assess the application 
of cue- based associations based simply on 
whether or not a prescribed task- related feature 
was accessed or interrogated. An alternative 
approach involves characterizing responses to 
naturalistic, task- related scenes and using dif-
ferences in behavior to infer the application of 
cue- based associations. Wiggins (2014, 2015) 
suggests that, in this case, higher cue utilization 
can be characterized by the rapid recognition 
of task- related features, the accurate catego-
rization of task- related scenes, the rapid and 
greater differentiation of task- related features, 
greater discrimination between relevant and 
less relevant features during problem solving, 
and greater prioritization of feature acquisition 
during problem orientation.

Behavior- based assessments of cue utili-
zation have differentiated performance across 
a range of contexts, including software engi-
neering (Loveday et al., 2014), aviation pilot-
ing (Wiggins, Azar, et al., 2014), water safety 
(Wiggins et al., 2019), and electricity network 
power system control (Loveday, Wiggins, Harris, 
et al., 2013). Within medical domains, differences 
in cue utilization differentiate diagnostic perfor-
mance in pediatrics (Loveday, Wiggins, Searle, 
et al., 2013), anesthesiology, (Crane et al., 2018), 
and audiology (Watkinson et al., 2018). In each 
case, those clinicians with higher cue utilization 
achieved greater levels of accuracy in a separate 
measure of performance, in comparison to clini-
cians with lower cue utilization.

The capacity for expert radiologists to engage 
a limited number of specific features to rapidly 
formulate anticipatory, and often accurate, inter-
pretations of medical images provides indirect 
evidence for the role of cue utilization in sup-
porting diagnostic performance. For instance, 
there is evidence to suggest that radiologists can 
detect a mass or a nodule in an image within 250 
ms (Brennan et al., 2018; Carrigan et al., 2018) 
and do so more accurately than nonradiolo-
gists (Carrigan et al., 2019; Evans et al., 2013). 
Kundel and La Follette (1972) demonstrated that, 
compared to trainees, experienced radiologists 
adopted a more efficient visual search strategy 
and were faster and more accurate in fixating on a 
breast cancer in a mammogram.

Differences in cue utilization that correspond 
to differences in experience imply that the 
acquisition of cue- based associations in mem-
ory constitutes an inevitable outcome of task- 
related exposure. However, Loveday, Wiggins, 
Searle, et al. (2013), Crane et al. (2018), and 
Sturman et al. (2019) noted that differences in 
cue utilization that were associated with perfor-
mance occurred independently of self- reported 
experience. In the medical perception literature, 
self- reported experience is not related to visual 
search strategies (Drew, Võ, Olwal, et al., 2013) 
or visual tasks such as spatial attention cue-
ing (Carrigan et al., 2019) or nodule detection 
(Sunday et al., 2018). This suggests that while 
experience may be necessary for the acquisi-
tion of cues, there are other factors, including 
the quality of the experiences, opportunities for 
feedback, and inherent capabilities, that deter-
mine the rate at which cue acquisition occurs 
postqualification (Ackerman, 2014).

The primary goal of this study was to test 
the contribution of self- reported experience and 
cue utilization in the diagnostic performance of 
radiologists. It was hypothesized that radiolo-
gists (a) would demonstrate patterns of behavior 
consistent with higher or lower cue utilization 
and that (b) accounting for self- reported expe-
rience, those radiologists who recorded higher 
cue utilization would also record higher levels 
of accuracy on an image interpretation task.

METHOD
Participants

Two content experts, who did not participate 
in the main experiment, piloted the study and 
provided feedback on the items, experimental 
timings and length, and image quality.

Experimental data were collected from 59 par-
ticipants who volunteered in a conference setting. 
Twenty- three participants were female with the 
majority of the sample between 30 and 39 years 
of age. Forty- one participants were qualified 
radiologists and 18 were registrars (radiologists 
in training), and self- reported a mean 14 years 
(SD = 12, range 1–41) of experience. Thirty- three 
of the radiologists identified as having acquired 
a specialization. These included neuroradiol-
ogy, breast, and pediatrics. The remaining 26 



identified as generalists. One participant was 
left- handed, all reported normal or corrected- to- 
normal vision, and all were naïve to the purposes 
of the experiment. In return for participation, par-
ticipants were offered the chance to win an iPad.

Measures
Using the established Expert Intensive Skills 

Evaluation platform (EXPERTise 2.0; Wiggins 
et al., 2015), the participants completed a 40- 
min task that included (1) a demographic sur-
vey within EXPERTise 2.0, (2) an assessment 
of cue utilization within EXPERTise 2.0, and 
(3) a computer- based image interpretation
task as an independent measure of diagnostic
performance.

Demographic Survey
The participants were asked to indicate their 

age, sex, handedness, their qualifications, their 
self- reported number of years’ experience in 
radiology, the number of cases performed per 
day, and the number of cases performed per 
year. The frequency with which they played 
video games and a musical instrument (never, 
in the past, currently) were included as there is 
evidence that video game players have supe-
rior performance on cognitive tasks that require 
attention (e.g., Cain et al., 2014) and that visuo- 
spatial abilities in surgeons may be enhanced 
amongst those who play a musical instrument 
(Boyd et al., 2008).

Participants’ energy levels at the time of 
experimentation (low, moderate, high) and 
their confidence in their current role, whether 
they considered that “pattern recognition is an 
innate skill which if absent cannot be taught,” 
and their self- rated performance as a radiolo-
gist were measured using 5- point Likert scales, 
where 1 represented “Not confident,” “Strongly 
disagree,” and “Extremely low” and 5 repre-
sented “Very confident,” “Strongly agree,” and 
“Extremely high.”

Cue Utilization
EXPERTise 2.0 (Wiggins et al., 2015) is an 

online assessment tool used to measure different 
facets of cue utilization using a battery of five 
within- domain tasks: a feature identification 

task (FIT), a feature recognition task (FRT), a 
feature association task (FAT), a feature dis-
crimination task (FDT), and a feature prioritiza-
tion task (FPT). These tasks incorporate a series 
of domain- specific, image, and term- based sce-
narios that were designed in conjunction with 
two subject matter experts, who have been 
practicing radiology for over 15 years; one is 
actively involved in radiologists’ training and 
another has read more than half a million cases. 
At a global level, a higher utilization of cues is 
inferred based on the relatively rapid identifi-
cation of areas of concern in the FIT (visual- 
based), the relatively accurate classification of 
a case in the FRT (visual- based), greater and 
more rapid differentiation between context- 
related terms in the FAT (term- based), greater 
discrimination between the importance of cues 
in the FDT (visual and term- based), and a more 
prescriptive approach to information acquisi-
tion during the (FPT; visual and term- based) . 
A summary of the EXPERTise 2.0 tasks is pro-
vided in Table 1.

The scenarios in the FIT involved the 
extraction of diagnostic features from a set of 1 
practice and 15 experimental trials (CT scans), 
where each trial presented a single static image. 
Ten of these images incorporated a single area of 
abnormality (five were normal) and the anatomi-
cal locations were either chest (six) or abdominal 
(nine). The images comprise a variety of abnor-
malities that would be experienced in practice 
and were selected based on image availability.

The experimental target frequency of cases 
was not matched with clinical practice. For 
example, of the chest images, chest nodules 
were present in 50% of the images, whereas, in 
practice, approximately 20% of chest CT scans 
contain nodules (Bach et al., 2012). The partici-
pants were presented with a randomized, single 
image and directed to identify an “area of con-
cern” as quickly as possible with a mouse click. 
In practice, radiologists mark and/or measure 
abnormalities seen on the CT image. An option 
was provided to select an icon reflecting “no 
area of concern.” The response was made under 
free- viewing conditions and no feedback was 
provided. Response latency and accuracy were 
recorded. In the FIT, higher cue utilization is 
typically associated with lower mean response 



latency, reflecting the relatively rapid identifi-
cation of an area of concern, rather than search-
ing the entire image systematically (Loveday, 
Wiggins, Harris, et al., 2013).

In the FRT, the participants were presented 
with a series of 1 practice and 15 randomized 
experimental trials incorporating abnormal 
chest radiographs which were displayed for 4 s. 
Typically, radiologists view images with no time 
restriction. However, to trigger the cue- based 
associations in memory, a shorter exposure is 
required and this timing was selected based 
on pilot data. In each experimental trial, par-
ticipants were required to select one from five 
multiple- choice options regarding the category 
of the abnormality (bones, heart and vessels, 
lines, tubes or devices, lung and pleura, none 
of the above). This task is designed to assess 
the capacity to recognize and correctly catego-
rize information based on limited exposure. No 
feedback is provided and both response latency 
and accuracy are recorded. In the FRT, greater 

accuracy is generally associated with higher cue 
utilization, as participants can recognize accu-
rately categories of abnormalities after brief 
presentations (Wiggins & O'Hare, 2003).

In the FAT, participants were presented pairs 
of radiological term- based features. The relat-
edness of the items within each pair varied and 
was selected by the subject matter experts. Over 
1 practice trial and 15 randomized experimen-
tal trials, the two terms were presented sequen-
tially for 1,500 ms after which participants were 
asked to rate the strength of perceived associa-
tions between the feature and event on a 6- point 
Likert scale (from 1 = “Extremely unrelated” to 
6 = “Extremely related”). Four were less likely 
to be related (e.g., “water” [feature] followed by 
“contrast” [event]) and 11 were more likely to be 
related in practice (e.g., “metatarsal” [feature] 
followed by “bursitis” [event]). Higher cue uti-
lization is associated with a greater variance in 
the perceived relatedness of the terms as a func-
tion of response latency (Morrison et al., 2013). 

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, Wiggins, Harris, 
et al. (2013),

Wiggins, Azar, Brouwers, 
et al. (2014),

Loveday, Wiggins, Harris, 
et al. (2013)

FRT Identification of 
predictive features

Select the category of 
abnormality, displayed 
for 4 s

Accuracy Loveday, Wiggins, Harris, 
et al. (2013), Wiggins 
and O’Hare (2003)

FAT Feature–event 
relationships in 
memory

Rate the strength of 
perceived associations 
between the feature 
and event

Variance as a 
proportion of 
response latency

Morrison et al. (2013)

FDT Discrimination 
between predictive 
features

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

Variance Pauley et al. (2009)

FPT Prioritization of 
feature–event 
relationships

Acquire task- related 
information to solve a 
problem

Ratio of sequential 
to nonsequential 
menus accessed

Wiggins and O’Hare 
(1995),

Wiggins et al. (2002)

Note. EXPERTise = EXPERT Intensive Skills Evaluation; FIT = feature identification task; FRT = feature recognition 
task; FAT = feature association task; FDT = feature discrimination task; FPT = feature prioritization task.



For example, radiologists whose responses 
reflect higher cue utilization would demonstrate 
a more decisive response, evidenced by a rel-
atively greater and more rapid differentiation 
of the terms, consistent with more precise cue- 
based associations in memory. In the absence of 
cue- based associations in memory, ratings tend 
to be less decisive, reflected in lesser variances 
across responses (Pauley et al., 2009; Weiss & 
Shanteau, 2003).

In the FDT, participants were presented 
with a short, written description of a scenario 
(e.g., “It is 12 pm on Friday 12 May and you 
are asked to perform an ultrasound guided 
breast core biopsy on a 52- year- old patient. 
Her mammogram and ultrasound showed a 
right 15 mm suspected invasive lobular carci-
noma. During the consenting process, the nurse 
has noticed in her medication history that she 
is taking Warfarin for atrial fibrillation [5 mg] 
and had not ceased taking this medication as per 
the procedure protocol [3 days prior]….”). On 
the basis of this information, participants were 
asked to make a decision and select a response 
from four possible options, based on their typi-
cal response in the scenario (i.e., “What would 
be your first response in this situation?”). The 
participants were then presented with a list of 
various features in the scenario (e.g., “time of 
day,” “patient’s current medication”) and asked 
to rate, with reference to the decision, the per-
ceived usefulness of the features using a 10- 
point Likert scale (from 1 = “Not important 
at all” to 10 = “Extremely important”). In the 
FDT, higher cue utilization is associated with 
more decisiveness, reflected in greater variance 
across feature- relevance ratings (Pauley et al., 
2009; Weiss & Shanteau, 2003), where they are 
more likely to select either “Not important at 
all” (1) or “Extremely important” (10). Higher 
cue utilization reflects a relatively greater dif-
ferentiation of the relevance to the scenario of 
the various feature- relevance ratings.

For the FPT, participants are presented with 
intentionally incomplete descriptive scenarios 
such that additional information will need to be 
accessed from a list of 14 information screens 
(feature cues) that could be expanded through 
a mouse click. In the present study, participants 
were advised that “You have been called by 

the on- call sonographer to review a case from 
the emergency department. As quickly as pos-
sible, access the information below that you 
feel is necessary to decide on your response.” 
Participants were expected to acquire as much 
information as they considered necessary (e.g., 
“surgical history,” “blood results”) to formulate 
a decision in response to the situation described. 
The review of features was limited to 60 s prior 
to selecting a response. The FPT is intended to 
assess the capacity to prioritize the acquisition 
of feature cues from the environment (Wiggins 
& O’Hare, 1995; Wiggins et al., 2002). Higher 
cue utilization is associated with a less sequen-
tial acquisition of feature cues consistent with 
the prioritization of information acquisition.

Diagnostic Performance

Diagnostic performance was assessed using 
a computer- based image interpretation task. 
Forty images were selected by two subject 
matter experts based on case availability. This 
number was selected to keep the experimental 
length to a minimum, while maintaining statis-
tical power. The images consisted of 1 practice 
and 39 randomized trials, all of which con-
tained static radiographs that varied as to the 
anatomical location and abnormality present 
(chest, abdomen, pelvis, femur, ankle, wrist). 
There were 10 abdominal images incorporating 
bowel issues such as small bowel obstruction, 
12 chest images incorporating abnormalities 
such as a pneumothorax, 14 bone images with 
abnormalities such as fractures, and 3 normal 
cases (chest, abdomen, pelvis). The proportion 
of normal cases was low to maintain a high 
degree of abnormality prevalence. Five unique, 
multiple- choice responses developed by two 
subject matter experts were located beneath 
each image as an aid to orientate the partici-
pants’ interpretations. On a subsequent screen, 
the participants were instructed “As quickly as 
possible, please select the most accurate diag-
nosis from the options below.” This means 
the radiologists viewed the responses twice. 
The de- identified, publicly available images 
were downloaded from Google images and 
the task was formatted using Adobe Photoshop 
(Figure 1).



Procedure
This research complied with the American 

Psychological Association Code of Ethics and 
was approved by the institutional review board 
at Macquarie University. Informed consent was 
obtained from each participant. The order in 
which EXPERTise 2.0 and the image interpreta-
tion tasks were completed was counterbalanced 
across participants. Half of the participants 
completed a series of demographic questions, 
the five EXPERTise 2.0 tasks (FIT, FRT, FAT, 
FDT, and FPT), followed by the image inter-
pretation task consisting of 1 practice and 39 
experimental trials. The other half of the partic-
ipants completed the image interpretation task 
first.

RESULTS
Preliminary Analysis

All statistical analyses were performed 
using IBM Statistical Software for the Social 
Sciences (SPSS Version 25) and JASP (2019). 
Outliers defined as ±SD were removed from the 
EXPERTise raw data (eight participants), leaving 
51 participants for the main analysis. This sample 
size was selected based on previous research in the 
medical domain using the measure EXPERTise 
(e.g., Loveday, Wiggins, Searle, et al., 2013; n = 
50). The participants’ raw scores for each of the 
five EXPERTise 2.0 tasks were standardized (z 
scores) and then aggregated across the five tasks. 
The dependent variable for the image interpreta-
tion task was accuracy (% correct). Diagnostic 
performance on the image interpretation task 
for all of the participants was analyzed (n = 59). 
An independent t- test with specialization as the 
group variable revealed no statistically significant 
difference between the accuracy of responses for 
radiologists who reported a specialization and 
those who were generalists, t(57) = 0.16, p = .87, 
BF10 = 0.3. No further distinction was made on 
the basis of specialization.

Covariates
A series of correlations were conducted 

between the demographic variables and accu-
racy on the image interpretation task. As 
expected, a statistically significant, positive 
Pearson’s correlation was evident between 
accuracy on the image interpretation task and 
self- reported years of experience as a radiolo-
gist, r = .34, p = .008. Consequently, the number 
of years of experience was included as a covari-
ate in subsequent analyses. There were no other 
statistically significant correlations evident that 
related to performance on the image interpreta-
tion task (p > .05).

Cue Utilization
Differences in cue utilization were estab-

lished based on the performance of participants 
in response to the five tasks that comprised the 
radiology edition of EXPERTise 2.0. Consistent 
with previous research (e.g., Brouwers et al., 
2017; Falkland & Wiggins, 2019), a k- means 
cluster analysis delineated two groups that 

Figure 1. Exemplar of an image (abdominal) from 
the image interpretation stimuli set. The answer is 
“a.”



reflected behavior consistent with higher 
or lower cue utilization. This delineation is 
intended to take into account step changes that 
occur in the rate at which cue- based associa-
tions are identified and retained in memory.

For 51 participants, 28 comprised a group, 
the behavior of which was consistent with lower 
cue utilization, while 23 participants comprised 
a group whose behavior reflected higher cue 
utilization. The delineation between two groups 
also enabled the evaluation of the pattern of 
performance across the EXPERTise 2.0 tasks. 
Consistent with the hypothesis, participants who 
were assigned to the higher cue utilization group 
recorded centroids that reflected relatively lower 
response latency on the FIT, great accuracy on the 
FRT, a higher variance per unit time on the FAT, 
higher variance on the FDT, and a lower ratio 
for the FPT in comparison to the performance of 
participants who were assigned to the lower cue 
utilization group (Table 2).

Diagnostic Performance
Diagnostic performance was measured as the 

percentage accuracy on an image interpretation 
task. Mean accuracy for the total sample (59 par-
ticipants, including the outliers excluded for the 
cue utilization analysis) was 52.49% (SD = 8.96). 

A single sample t- test on mean accuracy relative 
to chance, where chance was 20% (1 in 5 possi-
ble answers), showed that radiologists performed 
above chance on the image interpretation task, 
t(58) = 27.84, p < .0001, BF10 = 7.59e+31.

An analysis of covariance, incorporating 
two levels of cue utilization (higher/lower) as a 
between- groups, independent variable, and years 
of experience as a covariate, was employed to 
test their contribution to diagnostic performance. 
As hypothesized, the results revealed a statisti-
cally significant, positive relationship between 
self- reported years of experience and diagnos-
tic accuracy, F(1,48) = 4.56, p = .038, ηp

2 = .09. 
The results also revealed a statistically signif-
icant main effect for cue utilization, controlling 
for self- reported years of experience, F(1,48) = 
6.5, p = .01, ηp

2 = .11. An inspection of the means 
indicated that, controlling for years of experience, 
those radiologists with higher cue utilization (M = 
56.4%, SD = 9%) performed more accurately on 
the diagnostic performance task (image interpre-
tation) compared to radiologist participants with 
lower cue utilization (M = 49.3%, SD = 7.7%).

Previous studies in radiology have shown 
that broad markers of experience, such as years 
of practice, show a limited relationship to per-
formance (e.g., Carrigan et al., 2019; Drew, 
Võ, & Wolfe, 2013). To examine whether there 
were any differences between cue utilization 
and self- reported years of experience, an inde-
pendent samples t- test, incorporating cue utili-
zation as the grouping variable failed to reveal 
any statistically significant differences in the 
self- reported number of years of experience, 
t(49) = −1.7, p = .1, BF10 = 0.9. Taken together, 
the results suggest that cue utilization and years 
of experience in radiology contribute inde-
pendently to differences in performance on the 
image interpretation task.

DISCUSSION

The overall aim of this research was to test 
whether assessments of cue utilization differ-
entiate performance in the context of radiol-
ogy, accounting for measures of domain- related 
experience. Consistent with the hypothesis, 
higher cue utilization was associated with 
greater accuracy on a radiological image 

TABLE 2: Centroids for the Standardized 
Scores for Each of the EXPERTise 2.0 Five Tasks 
Distributed Across the Two Groups That Were 
Delineated by a k- Means Cluster Analysis

Task

Cluster 1:
Lower Cue 
Utilization 

Group
(n = 28)

Cluster 2:
Higher Cue 
Utilization 

Group
(n = 23)

Centroid Centroid

Feature 
identification

0.17150 −0.03082

Feature recognition −0.76655 0.85202

Feature association −0.28462 0.33378

Feature 
discrimination

−0.36980 0.20593

Feature 
prioritization

0.30395 −0.37636



interpretation task. Importantly, there was no 
relationship evident between cue utilization and 
self- reported years of experience (e.g., Crane 
et al., 2018; Loveday, Wiggins, Searle, et al., 
2013; Sturman et al., 2019). However, a posi-
tive relationship was evident between years of 
experience and diagnostic accuracy suggesting 
that years of experience and cue utilization are 
likely to contribute independently to the vari-
ance in performance on the image interpretation 
task.

Decades of research in the medical imaging 
domain have demonstrated that, in comparison 
to nonexperts, experts perceive rapidly pertur-
bations in a medical image (e.g., Brennan et al., 
2018; Carrigan et al., 2018) and use fewer eye 
movements to do so (e.g., Drew, Võ, & Wolfe, 
2013; Kundel & La Follette, 1972). This level 
of efficiency, developed over time and pre-
sumably with thousands of cases, is thought to 
arise from fine tuning of the radiologists’ visual 
perceptual system, enabling them to quickly 
and accurately target diagnostic- relevant cues 
(Nodine & Mello- Thoms, 2010). For experts 
who are able to draw on cue- based associations, 
a perturbation within the image or scenario may 
trigger a heightened level of attention to a pos-
sible clinical abnormality. This cue- based strat-
egy is presumed to reduce cognitive load that 
constrains the visual search to targets of interest 
(Brouwers et al., 2017).

In the present study, cue utilization was 
inferred from behavior in response to domain- 
relevant scenarios that were incorporated into 
a series of five tasks. Although this approach is 
artificial compared with naturalistic settings, it 
overcomes the problem of identifying specific 
features to which clinicians need to attend since 
skilled clinicians are likely to use different cues 
to arrive at a similar diagnosis. The utility of a 
behavior- based approach to performance assess-
ment lies in understanding changes in overall 
cue utilization that might occur following train-
ing, in the absence of practice, and/or as clini-
cians age. By comparing performance either 
against a normed dataset and/or over successive 
time periods, it becomes possible to identify and 
thereby respond to changes in cue utilization, 
through either training or increases in technical 
support.

Although accuracy on the image interpretation 
task was relatively low (M = 54%), performance 
was above chance. Nevertheless, it suggests that 
participants found the task challenging and this 
is perhaps to be expected. First, the task that the 
participants were undertaking was very different 
to the process that occurs in practice. In the exper-
imental task, the radiologists viewed small, “one 
shot” radiographs imaged from a single projec-
tion. In practice, high- resolution images are pre-
sented on large medical monitors, together with 
multiple views presented from separate projec-
tions of the body (e.g., anteroposterior and lateral 
ankle). Radiologists also have the option to con-
sult previous images.

Second, two participants who were not 
trained and/or did not practice in Australia 
reported that the medical terminology that 
described the abnormalities was unfamiliar. For 
example, a “Colles fracture” may be familiar 
to a radiologist in Australia and New Zealand, 
whereas it may be referred to as a “distal frac-
ture of the radius” elsewhere. While discrepan-
cies were explained by the experimenter and 
there were no inconsistencies or systematic dif-
ferences apparent in the raw data, it remains an 
important issue for future research in the field.

Third, even though all of the radiologists were 
trained to interpret plain radiographs, 33 reported 
that they currently specialized in different ana-
tomical regions such as neuroradiology and pedi-
atrics. Although no statistical differences were 
evident between the specialists and generalists, 
we did not enquire about the length of time of 
their specialization. It is also possible that they 
may be more familiar with interpreting other 
imaging modalities such as magnetic resonance 
images rather than plain radiographs. The imaging 
modality on which participants specialized was 
not recorded in the current study, nor the length 
of time specializing, which could be addressed in 
future research. Finally, no clinical information 
or previous imaging was provided to the partic-
ipants for each of the cases, where radiologists 
would normally consult prior to reviewing an 
image. In the current study, the focus was on the 
visual information available in the image alone as 
including clinical information could potentially 
bias the participants toward certain cues within 
the image. A future study to examine potential 



biases where the clinical and the visual informa-
tion mismatch would be beneficial.

Despite the cohort- level performance on the 
image interpretation task, differences based on 
cue utilization were evident accounting for self- 
reported years of experience. That experience 
and cue utilization contribute independently 
to measures of task performance is consis-
tent with recent research suggesting that there 
are individual differences in the progression 
to expertise (Macnamara et al., 2014; Meinz 
et al., 2012). Other factors that contribute to 
the variation in expertise are likely to include 
personality, genetic, and developmental fac-
tors (Hambrick et al., 2016). Therefore, while 
dedicated practice is clearly necessary for the 
acquisition of skilled performance, there are 
individual differences and environmental con-
ditions that are likely to contribute to both the 
rate at which expertise is acquired and whether 
or not expertise can be acquired (Ackerman, 
2014; Brouwers et al., 2017).

Consistent with the role of individual differ-
ences, recent findings in the medical perception 
literature indicate that other factors such as 
domain- general visual recognition ability and 
fluid intelligence are likely to contribute to the 
variation in diagnostic performance (Richler 
et al., 2017). Other researchers have shown 
that self- reported experience bares little rela-
tionship to visual tasks such as spatial attention 
cueing (Carrigan et al., 2019), nodule detection 
(Sunday et al., 2018), and 3D search strategies 
(Drew, Võ, Olwal, 2013) in radiology. Although 
prior experience and training are necessary for 
accurate diagnoses, it is difficult to tease apart 
the effects of experience and learned strategies 
(Williams & Drew, 2019), as well as individ-
ual differences in trainable factors such as cue 
utilization. The current study highlights that 
experience alone does not generate cue acquisi-
tion and utilization, which has implications for 
radiological pedagogical strategies. Although 
a positive relationship was evident between 
self- reported experience and performance on 
the image interpretation task, the present study 
was cross- sectional. Therefore, future research 
should be directed toward a longitudinal design 
in which cue utilization is assessed on a regu-
lar basis coincident with objective measures of 

exposure (e.g., the number abnormal/normal 
screens).

Conclusion
This study was designed to examine the 

relationship between cue utilization and per-
formance on an image identification task in 
the context of radiology, including the assess-
ment of the relationships between self- reported 
experience and performance, as well as cue 
utilization. Self- reported experience was asso-
ciated with accuracy on the identification task, 
but was unrelated to cue utilization. However, 
accounting for self- reported experience, higher 
cue utilization was associated with greater per-
formance on the image identification task. This 
suggests that both experience and cue utilization 
contribute to performance. This has important 
implications for the development of radiologi-
cal skills since it suggests that exposure suffi-
cient to facilitate the acquisition and utilization 
of cues is likely to yield the highest levels of 
performance on the image identification task.

KEY POINTS

● In radiology, accurate diagnosis involves accu-
rate, reliable, and timely responses.

● Radiological cue utilization is positively associ-
ated with performance of a diagnostic task, inde-
pendent of self- reported experience.

● Cue utilization and experience contribute inde-
pendently to performance and provides evidence
for differences in the progression to expertise.

● The design, delivery, and assessment of
training that improves cue utilization should be
encouraged.
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