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Abstract

Retrospectively obvious events are frequently missed when attention is engaged in another task – a 

phenomenon known as inattentional blindness. Although the task characteristics that predict 

inattentional blindness rates are relatively well-understood, the observer characteristics that predict 

inattentional blindness rates are largely unknown. Previously, expert radiologists showed a 

surprising rate of inattentional blindness to a gorilla photoshopped into a CT scan during lung-

cancer screening. However, inattentional blindness rates were higher for a group of naive 

observers performing the same task, suggesting that perceptual expertise may provide protection 

against inattentional blindness. Here, we tested whether expertise in radiology predicts 

inattentional blindness rates for unexpected abnormalities that were clinically-relevant. Fifty 

radiologists evaluated CT scans for lung-cancer. The final case contained a large (9.1cm) breast 

mass and lymphadenopathy. 66% of radiologists did not detect breast cancer and 30% did not 

detect lymphadenopathy when their attention was focused on searching for lung nodules. In 

contrast, only 3% and 10% of radiologists (N=30), respectively, missed these abnormalities in a 

follow-up study when searching for a broader range of abnormalities. Neither experience, primary 

task performance, nor search behavior predicted which radiologists missed the unexpected 

abnormalities. These findings suggest perceptual expertise does not protect against inattentional 

blindness, even for unexpected stimuli that are within the domain of expertise.

Introduction

Despite our intuition that visual perception provides a faithful representation of the world, 

we often miss salient events in our environment when we are focused on something else. 
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This phenomenon is known as inattentional blindness – the failure to notice an unexpected 

but fully-visible stimulus when attention is engaged in another task (Mack & Rock, 1998; 

Neisser & Becklen, 1975). The most famous example of inattentional blindness is the 

“invisible gorilla” (Simons & Chabris, 1999). When observers were asked to watch a ball 

game and count the number of ball passes between teammates, ~50% of observers missed a 

person in a gorilla-costume walking through the middle of the game and beating its chest. In 

homage to this work, Drew et al. (2013) inserted a matchbook-sized image of a gorilla into a 

chest computed tomography (CT) scan and asked radiologists to look for lung-cancer 

nodules. Under these conditions, 83% of radiologists did not notice the gorilla, 

demonstrating that sustained inattentional blindness can occur at high-rates in expert 

observers performing a task for which they are highly trained.

Although there are several known situational factors that affect inattentional blindness rates, 

whether some individuals are more susceptible to inattentional blindness than others is a 

substantial gap in the literature (Simons & Jensen, 2009). Many likely observer 

characteristics, such as working memory capacity and primary task performance, fail to 

predict which individuals will experience inattentional blindness (Kreitz et al., 2015; Simons 

& Jensen, 2009; Bredemeier & Simons, 2012). Consequently, some researchers have 

proposed that inattentional blindness is largely a stochastic process rather than a stable 

individual trait (Kreitz et al., 2015; Simons & Jensen, 2009). However, other studies suggest 

that expertise on the primary task may provide some protection against inattentional 

blindness. Basketball experience was associated with reduced inattentional blindness rates 

when viewing a ball-playing game (Memmert, 2006). Similarly, our prior work found that 

expert radiologists exhibited a lower rate of inattentional blindness than naive undergraduate 

observers performing the same task (Drew et al., 2013).

Experience may be associated with lower inattentional blindness rates because experts do 

not need to devote as many cognitive resources to the primary task (Fougnie & Marois, 

2007). Specifically, inattentional blindness rates are predicted by relative task difficulty (i.e., 

effort) rather than an individual’s performance on the primary task per se (Simons & Jensen, 

2009). Alternatively, experts may benefit from enhanced perceptual abilities or superior 

search strategies for tasks within their domain of expertise (Memmert, 2006). For example, 

enhanced global processing ability in expert radiologists allows them to rapidly detect 

abnormalities, which might make them more likely to detect the unexpected abnormalities 

(Carrigan et al., 2018; Evans et al., 2013). In previous research, the beneficial effects of 

experience have only been demonstrated in groups of experts relative to naive observers 

(Drew et al., 2013; Memmert, 2006). Thus, it remains unclear whether the observed 

individual differences are related to domain-specific perceptual abilities acquired through 

experience (Memmert, 2006) or a higher cognitive load in novices learning a completely 

new task (Fougnie & Marois, 2007). To address this question, it is necessary to determine 

whether experience predicts inattentional blindness within a group of observers that are 

familiar with the primary task. Furthermore, if expertise does protect against inattentional 

blindness, it is important to differentiate between the various factors that might be driving 

these effects (e.g., search strategy).
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Our prior work suggests that highly unusual abnormalities (e.g., gorillas in a CT scan) may 

be frequently missed by radiologists if they are unexpected (Drew et al., 2013). However, 

because radiologists never need to identify images of gorillas in the lung in clinical practice, 

it may be that clinical experience protects against inattentional blindness to unexpected 

stimuli that relate to the primary task and to the observer’s experience. Inattentional 

blindness rates are lower for unexpected objects that are more similar to the observer’s 

attentional set (Most et al., 2001). This modulation occurs for objects with shared physical 

features (Most et al., 2001), as well as dissimilar objects from the same semantic category 

(Koivisto & Revonsuo, 2007; Most, 2013). Therefore, radiologists might be less likely to 

miss clinically-relevant abnormalities than unexpected stimuli that are unusual within the 

context of the task. Furthermore, experts are thought to have greater attentional capacity for 

tasks within their area of expertise, rather than enhanced domain-general abilities 

(Memmert, Simons, & Grimme, 2009). The perceptual expertise of radiologists may be 

finely tuned to clinically-relevant features, which might make them less likely to miss 

unexpected stimuli relevant to their area of expertise. In addition, an important characteristic 

of inattentional blindness is the unexpected nature of the secondary stimulus (White & 

Davies, 2008, cf. Ward & Scholl, 2015). However, radiologists are incentivized to identify 

unexpected abnormalities that are clinically-relevant, such as tumors, which could endanger 

their patient and lead to costly litigation. This makes inattentional blindness in radiology a 

unique perspective for studying the classic inattentional blindness phenomenon.

The purpose of this research was to provide a stronger test of the proposal that primary task 

experience provides protection against inattentional blindness. In Study One, we recruited a 

large sample of radiologists in order to examine the effect of perceptual expertise on 

inattentional blindness for stimuli that fit within the experience-set of the participants and 

the task at hand: detection of a breast mass and lymphadenopathy during lung-cancer 

screening. In addition, we performed an exploratory analysis to determine if radiologists 

who detected the unexpected abnormalities engaged in different strategies, such as searching 

the images more thoroughly, which would provide more opportunities for abnormality 

detection. In Study Two, we sought to establish baseline detection-rates for the secondary 

abnormalities when radiologists focused their attention on a broader set of abnormalities.

Study One

Method

Participants and Overview—Fifty-six practicing radiologists and residents in radiology 

training programs were recruited from the Radiological Society for North America meeting; 

a hospital in Salt Lake City, UT; and a hospital in Sydney, Australia. Six radiologists were 

excluded from the study due to equipment failure.

To improve the reliability and reproducibility of the results, the sample size, exclusion 

criteria, and primary predictions were pre-registered prior to data collection as part of a 

larger study: https://osf.io/aqkbd (Adibi et al., 2019). The pre-registered sample size was 

based on previous research on the effects of experience on inattentional blindness in 

radiology (Drew, et al., 2013). In addition to our pre-registered analyses, we calculated 

Bayes Factors to assist in the interpretation of null effects (Jeffreys, 1998). The study was 
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approved by the University of Utah Institutional Review Board and the Macquarie 

University Human Research Ethics Committee. All participants provided informed consent.

Materials—Observers evaluated 7 axial chest CT scans (1 practice and 6 experimental) in a 

typical lung window/level. Three experimental cases were normal and three contained lung-

nodules. The final case contained a large breast mass and lymphadenopathy in addition to 

lung-cancer (Figure 1). The mass was 9.1cm in maximum diameter and was visible on 17/66 

slices. At its maximum diameter, the breast mass was approximately 30x the size of the 

smallest lung nodules. This case, obtained from clinical practice of author WA, was chosen 

because the abnormalities were deemed clearly visible using lung window/level settings. 

Our goal was to use a case with abnormalities that would be easily detected and 

unambiguous if the radiologist were explicitly looking for them. The remaining images and 

nodule locations were obtained from the Lung Image Database Consortium (LIDC) (Armato 

et al., 2011). The practice case had 8 lung nodules, and the abnormal experimental cases 

contained 14.33 nodules on average (9, 11, & 23 per case). The final, critical case had 11 

nodules. For the cases obtained from the LIDC, ground truth was established by four 

thoracic radiologists that marked nodule locations prior to reviewing the anonymized marks 

of the other three radiologists and rendering a final decision (Armato et al., 2011). For the 

final case, author WA marked the nodule locations.

Procedure—Observers were asked to perform a lung nodule screening task and were 

instructed “to mark all nodules >= 3mm” by clicking on them with the mouse. The 

radiologists were not given additional instructions regarding any secondary abnormalities 

that might be present in the image. Observers were able to freely scroll through depth using 

the scroll-wheel. Responses were considered correct if a click was located within 30 pixels 

and 2 slices of the nodule’s center of mass. Cases were presented without any additional 

patient data and the radiologists were not asked to provide any additional diagnosis beyond 

marking the location of nodules until after the final case. The practice case and the critical 

case were always presented in the same order (first and last), and the order of the other cases 

was randomized for each participant. Following the final case, observers answered a series 

of yes/no questions on the computer to assess for possible inattentional blindness:

1. Did the final case seem any different than any of the other trials?

2. Did you notice any other medically-relevant findings on the final case?

3. Did the final case show signs of breast cancer?

4. Did the final case show signs of lymphadenopathy?

Questions 1 and 2 were presented in the set order whereas the order of questions 3 and 4 was 

randomized across participants.

The images subtended ~15.15° of visual angle and were displayed on a 17” laptop 

(resolution: 1600x900, refresh rate: 60Hz) using Matlab with Psychtoolbox (Brainard, 

1997). Participants were situated on a chinrest ~89cm from the monitor. Eye-movements 

were recorded at 1000Hz using an Eyelink 1000 Plus, and the current slice was co-registered 

with each sample.
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Analysis plan—We divided radiologists into groups based on whether they reported the 

unexpected abnormalities (i.e., a yes response to either question 3 or 4). We compared 

groups using a two-tailed, between-participants t-test. This analysis deviated from the pre-

registered plan to use linear regression for this dataset because inattentional blindness is a 

binary measure. For each comparison, we additionally computed Bayes Factors (BF). A 

BF01 >3 was considered at least moderate evidence for the null relative to the alternative 

hypothesis, and a BF01 <.33 was considered at least moderate evidence for the alternative 

relative to the null hypothesis. Bayes Factors between .33 and 3 indicate there is insufficient 

evidence to merit a strong conclusion (Jeffreys, 1998). Finally, we computed a logistic 

regression to determine if experience predicted inattentional blindness while controlling for 

other variables (e.g., age). For those analyses, we reported the Odds Ratio and the p-value 

from the Wald Test.

Results

The final sample of 50 radiologists included 25 radiology residents in training, 1 fellow in 

radiology, and 24 attending/practicing radiologists. Of these radiologists, 20 (40%) reported 

chest imaging as a specialty. The average radiologist in our study completed medical school 

12.35 years ago (SD = 12.58, range = [.50, 42]) and reported reading 41 chest CT scans in a 

typical week (SD = 52, range = [0, 250]). The average age was 41 years (SD=12.88). 

Trainees (residents and fellows) had 4.09 years of experience (SD=5.88) and reported 

reading 46.54 scans each week (SD=54.70), whereas attendings had 21.29 years of 

experience (SD=11.79) and reported reading 34.75 chest CT scans each week (SD=49.33). 

On average, radiologists detected 58.38% (SD=18.5%, range=[14.01%, 83.25%]) of the lung 

nodules.

Detection of Incidental Breast Cancer

When searching for lung-cancer, 33/50 (66%) radiologists did not identify a large, clinically-

relevant breast mass (Figure 2a)1. These radiologists did not differ from radiologists who 

successfully detected the breast cancer in years of experience (t(48)=.18, p=.86, BF01=3.35) 

or lung-nodule detection-rate (t(48)=.35, p=.73, BF01=3.22), and there was weak evidence 

for no difference in the number of chest CTs read per week (t(47)=1.46, p=.15, BF01=1.45), 

(Figures 3a–c, Table 1). In a logistic regression, neither years of experience (Odds 

Ratio=.89, p=.24), age (Odds Ratio=1.12, p=.25), nor the number of chest CTs read per 

week (Odds Ratio=.99, p=.09) predicted breast cancer detection. Chest imaging experts were 

no more likely to detect the breast cancer mass than non-chest experts (χ2 = .53, p = .46). In 

exploratory analyses, we found some evidence that radiologists who detected the mass spent 

more time looking at the abnormality than those who did not (t(48)=2.23, p=.03, BF01=.48), 

but this did not reach our threshold for sufficient evidence (BF01<0.33) (Table 1). There does 

not appear to be a difference between the radiologists who missed the mass and those that 

1Of the 17 radiologists that reported the breast mass, 1 responded ‘no’ to question 1 (‘Did the final case seem any different than any of 
the other trials?’) only, 1 responded ‘no’ to question 2 (‘Did you notice any other medically-relevant findings on the final case?’) only, 
and 1 responded ‘no’ to both questions. Of the 35 radiologists that reported lymphadenopathy, 3 responded ‘no’ to question 1 only, 2 
responded ‘no’ to question 2 only, and 1 responded ‘no’ to both questions. Although it is impossible to know for certain based on a 
‘yes or no’ response to these questions, this pattern of responses may reflect a demand characteristic for a small number of participants 
when asked directly about specific abnormalities.
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detected it in case completion time (t(48)=1.44, p=.16, BF01=1.47) or the percent of the 

image examined (t(48)=1.12, p=.27, BF01=2.04) (Table 1), but the Bayes Factors indicate 

more evidence is needed.

Detection of Incidental Lymphadenopathy

Thirty-percent (15/50) of radiologists reported no signs of lymphadenopathy (Figure 2a)1. 

The breast mass was missed more often than the lymphadenopathy (Fisher’s Exact test, 

p=.001). These radiologists did not differ from radiologists who reported the 

lymphadenopathy in years of experience (t(48)=.36, p=.72, BF01=3.14), and there was 

insufficient evidence regarding the number of chest CTs read per week (t(47)=1.42, p=.16, 

BF01=1.47), and lung-nodule detection-rate (t(48)=1.06, p=.29, BF01=2.11) (Figures 3d–f, 

Table 2). In a logistic regression, neither years of experience (Odds Ratio=.92, p=.34), age 

(Odds Ratio=1.08, p=.38), nor the number of chest CTs read per week (Odds Ratio=.99, 

p=.14) predicted breast cancer detection while controlling for the other variables. Chest 

imaging experts were no more likely to detect the lymphadenopathy than non-chest experts 

(χ2 = 1.59, p = .21). Observers who detected the abnormality spent less time searching the 

image than those who did not (t(48)=2.025, p=.0485, BF01=.66), but this effect did not reach 

our level for substantial evidence (BF01<0.33). We had insufficient evidence to determine 

whether there were differences in image coverage (t(48)=1.43, p=.16, BF01=1.47) (Table 2).

Study Two

In Study One, the critical case was chosen because the secondary abnormalities seemed 

clearly visible. However, it is possible these abnormalities would have been missed at high-

rates even if the observers were not asked to focus on a narrow clinical task of evaluating 

only lung-nodules. In order to establish whether these effects are attentional in nature, we 

performed a second study to determine the baseline detection-rates for the critical 

abnormalities when attention was focused more broadly.

Method

Participants—Thirty-three radiologists were recruited from hospitals in Salt Lake City, 

UT and Sydney, Australia, by emailing radiologists who had participated in previous studies, 

advertising to radiology-oriented groups on social media, and through word-of-mouth. 

Radiologists that participated in Study One were not recruited to participate in Study Two. 

Three radiologists were excluded from the study: two did not meet the inclusion criteria (at 

least a first-year radiology resident) and one did not scroll through the CT scans before 

providing a response.

The study’s sample size, analysis plan, and exclusion criteria were pre-registered: https://

osf.io/73en6. The study was approved by the University of Utah Institutional Review Board, 

and all participants provided informed consent.

Materials and Procedure—The study was conducted online using a non-mobile device 

of the radiologist’s choosing. Observers evaluated 2 axial chest CT scans (1 normal case and 

1 abnormal case) in a typical lung window/level. The abnormal case was the critical case 

Williams et al. Page 6

Psychon Bull Rev. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://osf.io/73en6
https://osf.io/73en6


from Study One, which allowed us to establish a baseline detection-rate for each of the 

critical abnormalities. The order of the normal and abnormal cases was counterbalanced. For 

each case, observers were asked: “Which abnormalities are present in this case (check all 

that apply)?”: lung nodules, a breast mass, lymphadenopathy, pneumonia, pulmonary 

embolism, or no major findings. The order of the response options was randomized for each 

participant. Participants could scroll through the image using a scroll-wheel or the arrows on 

their keyboard.

Results

The final Study Two sample of 30 radiologists included 5 radiology residents in training, 5 

radiology fellows, and 20 attending/practicing radiologists. Five (~17%) of these radiologists 

reported chest imaging as a specialty. On average, the radiologists had 10 (SD=9.90, 

range=[2, 43] years of experience and reported reading 47.6 (SD=68.17, range=[0, 300]) 

chest CT scans per week.

When asked about the critical abnormalities directly, only 1/30 (3%) radiologists missed the 

breast mass and 3/30 (10%) missed the lymphadenopathy (Figure 2b). Fisher’s Exact tests 

revealed the breast mass was detected more often in Study Two than Study One, p<.001, 

BF01=1.57e-6. The difference in detection-rate for the lymphadenopathy between the two 

studies was only marginally significant, p=.053, BF01=.22. However, the Bayes Factor met 

our criteria for sufficient evidence in favor of a higher detection-rate in Study Two than 

Study One. Observers also performed well on the lung-cancer detection task: only 1/30 (3%) 

radiologists missed the lung nodules. 29/30 (97%) radiologists reported there were no signs 

of pulmonary embolism and 16/30 (53%) radiologists reported there were no signs of 

pneumonia. No radiologists reported a breast mass or lymphadenopathy in the normal case. 

McNemar’s test revealed these reports were significantly lower than the abnormal case, both 

p-values<.001, which demonstrates radiologists only reported the critical abnormalities 

when they were actually present.

Discussion

Inattentional Blindness in radiology is not limited to missing an image of a gorilla embedded 

in a CT scan (Drew et al., 2013). Two-thirds of radiologists did not detect a clinically-

relevant 9.1cm breast mass when their attention was engaged in an attentionally-demanding 

lung nodule-detection task. In contrast, only 3% of radiologists missed the mass when 

directly asked about these abnormalities. These findings demonstrate that inattentional 

blindness is not limited to completely unexpected stimuli (e.g., a gorilla in a CT scan): the 

unexpected abnormalities in our study were clinically-relevant and within the observer’s 

skill set. Critically, these findings suggest perceptual expertise does not provide protection 

against inattentional blindness: radiologists who missed the unexpected abnormalities did 

not differ in years of experience or overall task performance. Although task familiarity 

appears to modulate inattentional blindness rates to an extent (Drew et al., 2013; Memmert, 

2006), this finding may be due to the relative difficulty of performing the task rather than 

domain-specific perceptual expertise (Simons & Jensen, 2009). Our results indicate 
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inattentional blindness may be an inherent limitation of the cognitive system and expertise 

does not protect against this phenomenon.

Inattentional blindness may provide insight on how to address a growing concern in 

radiology: missed but clinically-significant incidental findings. Incidental findings are 

abnormalities in medical images that are unrelated to the patient’s symptoms or present in an 

asymptomatic patient (O’Sullivan et al., 2018). For example, a medical image taken to 

determine if a patient has a broken bone might incidentally reveal signs suggestive of cancer. 

Regardless of the reason the image was obtained, radiologists are expected to report all 

clinically-significant findings. Missed or incorrect diagnoses impact the quality of patient 

care and are the leading cause of medical malpractice litigation (Tehrani et al., 2013). A 

recent meta-analysis found that incidental findings are present on ~1/4 diagnostic images 

(Lumbreras et al., 2010) but are often undocumented, unreported to patients, and not 

followed-up for additional testing (Munk et al., 2010). With medical errors estimated to be 

the third most common cause of death in the United States (Makary & Daniel, 2016), it is 

vital to better understand the cognitive mechanisms underlying this source of diagnostic 

error.

Our data suggest the likelihood of experiencing inattentional blindness is strongly influenced 

by whether the unexpected abnormality occurs in a task-relevant location. The final case was 

chosen because both abnormalities were clearly visible in the viewing window used for 

lung-cancer screening. However, detection-rate for the large breast mass was significantly 

lower than the lymphadenopathy in Study One, which may be because the mass was located 

outside of the chest wall, whereas the lymphadenopathy was located within the chest wall. 

Clinicians may adopt the strategy of attending less to areas outside the primary organs of 

interest when engaged in a difficult task. This pattern of data is consistent with previous 

findings: unexpected objects are less likely to be noticed when they appear further away 

from the focus of attention (Most et al., 2000; Wood & Simons, 2019). Similarly, 

abnormalities outside of the task-relevant location, such as lung-cancer on musculoskeletal 

radiographs, are often retrospectively visible on images mistakenly classified as normal in 

clinical practice (Hawkesford & Kalogrianitis, 2015; Kim & Mansfield, 2014). This 

retrospective identification may be more akin to Study Two, when participants were 

specifically asked about different abnormalities. Under these conditions, radiologists’ 

detection-rates for the breast mass increased from 33% to 97%, and there was a similar 

effect for lymphadenopathy: detection-rates were lower during lung-cancer screening (70%) 

than a more general task (90%).

This research complements previous work on the common mechanisms of missed targets in 

visual search. Previous studies show a tendency to miss a second target after the detection of 

the first target (Berbaum et al., 1990; Tuddenham, 1962). Initially attributed to a premature 

termination of search, these “subsequent search misses” (Cain et al., 2013) remain a 

stubborn source of error (Cheng & Rich, 2018). In our study, radiologists who did and did 

not detect the abnormalities had similar task-completion time and image coverage, which 

suggests these misses also cannot be attributed to premature case closure. However, there are 

important differences between our results and subsequent search misses (Wolfe et al., 2017). 

Subsequent search misses are the failure to detect a known target, typically of the same type 
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of target as the first (e.g., two lung nodules). Here, radiologists missed unspecified 

abnormalities that were not the focus of the search. This phenomenon meets the criteria for 

inattentional blindness established by Mack and Rock (1992): 1) The majority of observers 

failed to notice the abnormalities, 2) The abnormalities were fully visible, 3) Observers were 

able to identify the abnormalities when asked about them directly (Study Two), and 4) The 

abnormalities were unexpected, and they were missed more often when attention was 

focused on another task (Study One) than when it was not (Study Two). More research is 

needed to determine how the mechanisms behind these two types of misses are related.

There are some limitations to this study. The radiologists viewed these images in a 

laboratory setting where they knew their decisions would not affect any patients, and our 

inattentional blindness paradigm differs in important ways from clinical practice. 

Radiologists were engaged in the same clinical task for multiple consecutive trials before the 

critical case. Although common in screening tasks, it remains to be seen if the observed 

effects are influenced by prior task history. Our results are based on a single case that was 

only viewed in the lung-window, and more work is necessary to determine whether these 

findings generalize. However, we deliberately chose a case with a large, clearly-visible mass, 

and we anticipate detection-rate would be even lower for more subtle abnormalities. In 

future work, it will be beneficial to replicate these results in a clinical setting with a broader 

set of stimuli. Finally, Study Two was conducted online, which may not match the viewing 

conditions and observer state of mind of Study One. For example, the monitor specifications 

(i.e. resolution and brightness) may have differed between studies. Nonetheless, almost 

every radiologist detected the critical abnormalities, clearly demonstrating these 

abnormalities are visible and easily detectable when attention is focused more broadly.

Our research demonstrates the powerful influence attention can have on medical image 

interpretation. Even if an image shows clear signs of an abnormality, the clinician may fail to 

perceive the finding if it is inconsistent with the reason the exam was obtained. This result is 

increasingly important in light of the recent push for radiologists to focus their attention on 

specific tasks in order to reduce the number of non-clinically-relevant incidental findings 

reported in radiology (Barry, 2014). This research has important implications for considering 

how to best present relevant information (e.g., patient history) to the clinician and how to 

evaluate whether ‘standard of care’ has been violated in medical malpractice cases. If most 

radiologists do not detect a large, clinically-relevant cancer while searching for a different 

type of abnormality, we should acknowledge that the concept of ‘standard of care’ may need 

to be expanded to include the exam indication and the instructions provided. However, these 

results should not be interpreted as evidence that it would be better not to provide patient 

information. Our results suggest the information given to the radiologist may have a strong 

influence on which abnormalities they will ultimately detect. Therefore, relevant patient 

information should be helpful to radiologists when the abnormalities are consistent with the 

exam indication. In fact, a large body of research demonstrates that clinical history improves 

sensitivity for relevant abnormalities (Loy & Irwig, 2004). Rather than providing no 

information, it may be helpful to focus on interventions, such as checklists (Thomassen et 

al., 2014), that help clinicians focus attention on one task at a time rather than trying to 

divide attention between multiple competing goals.
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Our findings provide a unique perspective on classic inattentional blindness, demonstrating 

it occurs when the unexpected stimulus is by no means unusual within the context, and that 

perceptual expertise cannot prevent it. In sum, this is a vivid illustration of Mack and Rock’s 

assertion that, even with trained experts viewing an image within their area of expertise, 

“there is no perception without attention” (Mack & Rock, 1998).
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Figure 1. 
Single-slice of the chest CT showing the abnormalities. Arrows indicate the location of the 

breast mass (red arrow), lymphadenopathy (blue arrow), and a lung nodule (yellow arrow). 

Arrows not present in experimental display.
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Figure 2. 
A. Detection-rate for breast mass and lymphadenopathy by level of training in Study One. B. 

Detection-rate for breast mass and lymphadenopathy in Study Two. Error bars represent the 

95% confidence interval.
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Figure 3. 
Clinical experience and sensitivity in detection of lung nodules shown by detection of the 

incidental breast mass (panel A,B,C) and detection of incidental lymphadenopathy (panel 

D,E,F). The solid line indicates the mean value, dots represent the individual data points, and 

error bars represent standard error of the mean. A BF01>3 indicates there is sufficient 

evidence for the null relative to the alternative hypothesis.
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Table 1.

Descriptive statistics broken down by whether breast cancer was or was not detected.

Breast Cancer Detection

Detected Abnormality Mean SD 95% CI Mean Difference p-value BF01

Years of experience
Yes 12.79 13.34

[−8.30, 6.96] .86 3.35
No 12.12 12.38

Chest CTs per week
Yes 55.41 71.53

[−53.43, 8.57] .15 1.45
No 32.98 36.83

% lung nodules found
Yes 59.67% 18.25%

[−13.15%, 9.25%] .73 3.22
No 57.71% 18.86%

Time spent looking at abnormality
Yes 2320ms 4272ms

[−3423ms, −176.6ms] .03 .48
No 519.8ms 1359ms

Case completion time
Yes 145.3s 58.23s

[−57.10s, 9.38s] .16 1.47
No 121.5s 53.89s

% of image searched
Yes 49.36% 19.05%

[−14.02%, 3.99%] .27 2.04
No 44.34% 12.49%
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Table 2.

Descriptive statistics broken down by whether lymphadenopathy was or was not detected.

Lymphadenopathy Detection

Detected Abnormality Mean SD 95% CI Mean Difference p-value BF01

Years of experience
Yes 12.77 12.63

[−9.28, 6.47] .72 3.14
No 11.37 12.86

Chest CTs per week
Yes 47.36 58.87

[−55.77, 9.63] .16 1.47
No 24.29 22.09

% lung nodules found
Yes 60.19% 18.85%

[−17.52%, 5.41%] .29 2.11
No 54.14% 17.52%

Case completion time
Yes 139.8s 60.03s

[−67.62s, .23s] .049 .66
No 105.9s 36.83s

% of image searched
Yes 48.02% 16.40%

[−15.80%, 2.67%] .16 1.47
No 41.45% 10.31%
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