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Abstract

Inattentional blindness has been identified as a partial cause for missed diagnoses
among radiologists. Missed findings present a significant challenge as they can have
clinical implications for patients. This study investigated the effectiveness of a four-item
concise medical checklist in reducing inattentional blindness among radiologists when
interpreting chest computed tomography (CT) scans. Thirty-two radiologists
participated in the study: an experimental group (with the checklist, n = 18) and a
control group (no checklist, n = 14). Participants were instructed to read seven chest
CT stacks (one practice case and six experimental cases), and to mark all lung nodules
=3 mm. In the final CT stack, a breast cancer mass and lymphadenopathy served as
the inattentional blindness stimuli. Lung nodule detection was marginally higher in the
control group (62%) than in the experimental group (55%), but this difference was not
statistically significant. Almost 80% of radiologists in both groups failed to report the
breast cancer mass, whilst lymphadenopathy identification was at chance level in both
the control (50%) and experimental (58%) groups. Group comparisons for both
analyses were also non-significant. These findings suggest that a concise medical
checklist may not be an effective solution to mitigate inattentional blindness among
radiologists when interpreting chest CT scans. Further research and alternative
approaches are warranted to address diagnostic errors in medical imaging resulting
from inattentional blindness.
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Introduction

When attending to even the simplest tasks, observers commonly fail to notice a
stimulus — either an object or an event — that, in hindsight, appears obvious. This is
known as inattentional blindness and was famously demonstrated in an experiment
where participants, who were required to count the number of ball passes between
players, missed seeing a person in a gorilla costume present within the scenario
(Simons & Chabris, 1999). Since then, inattentional blindness has been observed in
various studies, such as static and moving objects displayed on a computer screen,
walking and talking on a cell phone, and simulated assault (Bressan & Pizzighello,
2008; Chabris et al., 2011; Hyman et al., 2010; Most et al., 2001). This failure to
perceive seemingly noticeable stimuli is thought to reflect limitations in one’s attentional
capacity and the selective processing of information (Mack, 2003; Simons, 2000).

Within healthcare settings, inattentional blindness can have real-world implications for
clinical diagnosis, with high rates of diagnostic errors being partially attributed to this
phenomenon (Garg et al., 2022; Jager et al., 2014). For example, Kim and Mansfield
(2014) found that out of 1,269 abnormalities present in 656 radiology examinations,
42% were missed. Notably, 7% of these errors were attributed to inattentional
blindness.

While human error cannot be discounted in such incidents, even experts are
susceptible to inattentional blindness (Ekelund et al., 2022). Some studies have
suggested that expertise might reduce its occurrence by freeing up attentional
resources (Drew et al., 2013; Pammer et al., 2018; Simons & Schldsser, 2017), while
others have claimed experts may be more susceptible due to their deep focus on
specific tasks (Ho et al., 2017). However, a meta-analysis revealed that experts only
had marginally improved performance compared with novices, and crucially, that
differing stimuli (e.g., experimental manipulation such as a non-clinical image cf.
clinically relevant such as a lung nodule) had minimal modulating effects, even when it
was related to the expert’s domain (Ekelund et al., 2022). In one of the included studies,
Drew et al., (2013) found that 83% of expert radiologists failed to identify an image of
a gorilla located in computed tomography (CT) images of the lungs, despite the gorilla
being 48 times larger than the average lung nodule. Expectedly, expert radiologists
outperformed naive participants with no medical training in regard to the mean lung
nodule detection rate (55% vs. 12%), but only slightly outperformed them when it came
to inattentional blindness (83% vs. 100%).

Building on previous work (Drew et al., 2013), Williams et al., (2021) used clinically
relevant stimuli in the form of an incidental finding, which is the discovery of unexpected
or unrelated abnormalities (Lumbreras et al., 2010). In their first study, when searching
for lung nodules, 66% of radiologists did not report an incidental breast cancer mass.
However, in their second study, with a different sample of radiologists, only one out of
30 radiologists did not report it when they were asked to check all the abnormalities
present from a list of six options (Williams et al., 2021). These studies emphasize the
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robustness of the inattentional blindness phenomenon across stimuli and underscore
the need to mitigate its impact in clinical practice, given the harm that could arise from
missed incidental findings for both patients and clinicians (Berlin, 2007; Morris et al.,
2009).

To reduce the high incidence of diagnostic errors in radiology generally, several
strategies are used with varying success. For example, double-reading, where two or
more radiologists examine the same images, is grounded in the belief that multiple
clinicians reviewing the same images improves accuracy. Yet the rates of discrepancy
between clinicians’ diagnoses are relatively low and therefore need to be balanced
against demanding workloads (Geijer & Geijer, 2018). Additionally, a considerable
number of second-opinion radiology reports go unread, suggesting the potential for
more efficient resource allocation (Heinz et al., 2020). Thus, there is a need for a low-
resource-dependent solution that can be easily integrated into radiologists' workflows.

One such tool might be a medical checklist. Medical checklists have been proposed by
several researchers over the years to try and address the challenge of inattentional
blindness in medical imaging (Gefter & Hatabu, 2023; Williams et al., 2021). They are
common within healthcare settings and encouraged in diagnostic radiology generally
(lyer et al., 2013), typically consisting of a series of steps or questions to help guide
medical professionals during tasks such as surgical procedures, medication
administration, and patient admissions and discharges (Winters et al., 2009). Studies
have demonstrated their effectiveness in reducing prescription, and surgical errors
(Alagha et al., 2011; Haugen et al., 2015; Haynes et al., 2009; Thomassen et al., 2014).
To date however, limited research has assessed the efficacy of a checklist in medical
imaging, and no study has comprehensively tested the use of a checklist in relation to
the incidence rate of inattentional blindness among radiologists when interpreting chest
CT scans. Whilst the study discussed above (Williams et al., 2021) suggests a checklist
might have some efficacy, its scope is restricted by the analysis of only two scans and
no control group.

One study, however, does provide some support for its use. The study found that
among 40 medical students who were tasked with reading 18 chest X-rays, those who
used a systematic medical checklist detected more abnormalities compared with those
who did not (Kok et al., 2017). In contrast, research using a checklist-style structured
report for maxillofacial CT scans did not find any increase in the reporting accuracy
rates for undetected pathology issues (Powell et al., 2014). The main drawback
identified in this previous study (Kok et al., 2017) was that the systematic checklist was
too time-consuming as it consisted of anatomical areas, potential pitfalls, and
commonly missed diagnoses. This poses significant implementation challenges in a
clinical setting where accuracy and efficiency are key.

Perhaps more suited to real-life clinical settings would be a concise medical checklist,
consisting of short, simple questions that can encompass a range of possible findings
and abnormalities, without the need to specify all of them. The underlying rationale is
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that a checklist might disrupt the observer’s cognitive process, effectively slowing them
down and potentially enhancing their overall visual perception and decision-making
accuracy (Croskerry et al., 2012a, 2012b; Ely et al., 2011).

The aim of the current study was to determine if a concise medical checklist could
reduce inattentional blindness among radiologists, thereby resulting in greater
detection of clinical abnormalities. It was hypothesised that 1): a concise checklist
would facilitate a more vigilant search strategy, leading to improved detection of lung
nodules, and 2): using the checklist would increase the detection rate of incidental
findings.

Method

A between-group quasi-experimental design was used comparing two independent
groups (experimental (checklist) or control (no checklist)) on the detection of lung
cancer nodules (hypothesis 1) and breast cancer symptoms (hypothesis 2).

Participants

An a priori power analysis, conducted using G*Power 3.1 (Faul et al., 2007), using an
independent samples t-test (a = .05 and effect size of d = 0.5 at 80% power determined
that a sample size of 128 participants (64 participants per group) was required. A group
allocation matrix was created based on the desired sample size (n = 124) using an
online randomisation tool (https://www.graphpad.com/quickcalcs/randomize1/;
GraphPad, Boston, MA). A total of 64 participant numbers were randomly assigned to
either Group A or Group B. Participants assigned to Group A were allocated to the
experimental group (with the checklist), while those assigned to Group B were
allocated to the control group (without the checklist).

Participants had to be aged 18+ years old, and an attending radiologist or a resident
in a radiology training program. Participants could not participate if they had self-
reported abnormal or non-corrected vision. The study was approved by the Faculty of
Health and Life Sciences Ethics Committee at Northumbria University (ref: 4953). All
participants provided electronic informed consent.

Recruitment began by contacting radiology line managers at three cancer centres in
Guangzhou, China, who advertised the study on WeChat, and by word of mouth. The
line manager communicated when and where the researcher (C.L) was on-site
conducting the study. A total of 32 participants were recruited. Upon signing up for the
study, each participant was sequentially assigned a participant number and allocated
to either the experimental or control group accordingly.
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Materials and Measures

Pre-task survey

Participants completed a self-report pre-task survey that gathered demographic
information, including professional experience (the number of years that they had
been working in the field of radiology), position, specialty, the number of CT scans
interpreted by each radiologist per week, and vision-related impairments.

Computed tomography (CT) stacks

The same anonymised seven chest CT stacks used by Williams et al., (2021) were
used in this study, six of which are freely available from the Lung Image Database
Consortium (LIDC) for research purposes (Armato et al., 2011).

Three of the CT stacks (CT1, CT4, CT6 and CT7) contained lung nodules, and three
did not (CT2, CT3 and CT5). CT stack 1 (the practice case), had eight lung nodules;
CT stack 4 had 23; CT stack 6 had 10; and CT stack 7 (the inattentional blindness
stack) had eight lung nodules. Williams et al., (2021) reported the inattentional
blindness stack as having nine lung nodules. However, one specified location did not
appear to show a visible nodule, resulting in a total of eight lung nodules in this study.
The seventh CT stack also included a large (9.1 cm) breast cancer mass, visible on
17 of 66 image slices, along with lymphadenopathy. These incidental findings served
as the inattentional blindness stimuli and were chosen for their clear visibility within
typical lung window settings (Figure 7). All stacks had a resolution of 512x512 pixels.

Lung nodule detection accuracy was measured by comparing participants’ annotations
with the LIDC reference data (Armato et al., 2011) based on screen-recorded videos.
Annotations were deemed accurate if they were within 30 pixels and two slices of the
nodule's centre of mass. For the inattentional blindness stack, the location of the lung
nodules was obtained from a previous study (Williams et al., 2021) and the same
process applied.

Participants reviewed each of the seven chest CT stacks sequentially (one practice
and six experimental) marking all nodules =23 mm using MicroDicom Viewer
(MicroDicom Ltd, Sofia, Bulgaria) on a Microsoft Surface 7 tablet computer. The CT
stacks were preloaded, and the screen’s brightness set to full (104 nits). The Window
Level (WL) and Window Width (WW) were configured to standard lung settings (WL =
400, WW = 1600) and kept constant throughout the task (Figure 2). Participants used
a preselected ellipse measuring tool to the mark lung nodules. The screen activity was
recorded using Snipping Tool (version 11.2, Microsoft Corporation, Redmond, USA)
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[,

Figure 1: Annotated Image of the Inattentional Blindness CT Stack (note: the breast
cancer mass is indicated by the red arrow, lymphadenopathy by the blue arrow, and a
lung nodule by the yellow arrow. These arrows were not visible in the experimental
display

M MicroDicom DICOM Viewer (32 bit) unlicensed for commercial use - o x
U= (T WD T CEEmermIR TT5 GA 000000 X
; D@ =5EH AP QAP ZO0RINLAT AL, 7 7 & un g BOD
B @ s 15 Source: Al patients - £ = [

CT THORAX W/CONTRAST LightSpeed Plus
1-January-2000 8:36:02

ST: 2.50 mm SL: -148.50 mm 400 mA 120kV

T X: 72.48 mm Y: 42.92 mm
LittleEndianExplicit X: 109.15 px Y: 64.63 px Value: -1024
Images: 63/133 Zoom: 139%
Series: 4 WL: -400 WW: 1600

Figure 2: A screenshot from CT Stack 1 illustrating the WL and WW settings (note:
The displayed image illustrates commonly used lung windowing parameters (WL =
400, WW = 1600)).
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Concise medical checklist

The checklist (Table 1) was developed in consultation with an expert radiologist with
over 30 years of clinical and research experience, along with strategies for minimising
potential misdiagnoses (Busby et al., 2018). The questions were designed to be simple
yet comprehensive, covering a range of possible findings without the need to
enumerate all of them nor significantly increase radiologists' workloads (Cankurtaran
et al., 2023).

Table 1: concise medical checklist questions

Question Response

1. Did you adhere to your primary and secondary search patterns? Yes / No
2. Did you remember to check your blind spots? Yes / No

3. Are you satisfied with your searching? Yes / No

Question 1 was intended to ensure that the radiologist followed a structured and
systematic approach during the scan, ensuring that no areas were missed; Question
2 served as a reminder for radiologists to check areas that might not have been
immediately visible or were typically overlooked, reducing the chance of inattentional
blindness; and Question 3 encouraged self-reflection, prompting radiologists to assess
whether they felt confident in their diagnostic process.

Post-task survey

All participants answered a post-task survey (Table 2) that assessed their awareness
of the breast cancer mass and lymphadenopathy in CT stack 7. The post-task survey
used the same questions as a previous study (Williams et al., 2021).

Table 2: post-task survey questions

Question Response

1. Did the final case seem any different than any of the other trials? Yes / No

2. Did you notice any other medically relevant findings on the final Yes/ No

case
3. Did the final case show signs of breast cancer? Yes / No
4. Did the final case show signs of lymphadenopathy? Yes / No
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Questions 1 and 2 were presented in the same order for all participants, as in a
previous study (Williams et al., 2021). Questions 3 and 4, could not be randomized
without displaying the questions on the same page concurrently, which could have
impacted the truthfulness of the participants' responses. Instead, they were presented
one per page, in the order above.

All materials were originally written in English and translated into Mandarin by a
certified translator. A back translation was also conducted using an online platform.
This was performed by a member of the research team (C.L.) whose native language
is English and who was not fluent in Mandarin, allowing for an unbiased comparison.

Procedure

Data collection took place at participants' workplaces. All study measures, including
the pre-task survey, concise medical checklist and post-task survey, were completed
electronically on participant smartphones using Qualtrics XM (Qualtrics, Provo, UT).
After providing consent, participants completed the pre-task survey. Next, participants
reviewed each of the seven chest CT stacks sequentially (one practice and six
experimental) marking all nodules. Participants in the experimental group completed
the concise medical checklist after reviewing each CT stack before moving on to the
next one. After completing the CT task, all participants answered the post-task survey.
Finally, participants received a debrief sheet, and the researcher (C.L.) was available
to answer any questions.

Data analysis

To assess if the concise medical checklist would improve lung nodule detection by
facilitating a more vigilant search strategy (hypothesis 1), continuous variables,
including lung nodule detection accuracy and task duration, were examined. The
Mann-Whitney U test was applied to these variables, as the data distribution did not
meet the assumptions for parametric tests. To assess if the checklist increased the
detection rate of incidental findings (hypothesis 2), categorical variables were
analysed. These included participants’ responses to the checklist questions (‘yes/’no’)
and whether they noticed signs of breast cancer or lymphadenopathy in the final case
(‘yes/’'no’). A chi-square test was used to analyse these categorical data. Between-
groups effect sizes were interpreted as d = .1 for a small effect size, d = .3 for a medium
effect size and d = .5 for a large effect size (Fritz et al., 2012). All statistical analyses
were carried out using SPSS (version 28).
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Results
Participant demographics are summarised in Table 3.

Table 3: participant demographics

Control (n=14) Experimental (n = 18)
Gender (male / female; n (%) 6 male (43)/ 8 female (57) 5 male (28) / 13 female (72)
Profession (n (%)) 10 Residents (71) / 16 Residents (89) /
4 Attendings (29) 2 Attendings (11)
Specialisation (%) Abdominal Radiology (21) / Abdominal Radiology (39) /
Neuroradiology (21) / Breast Imaging (17) /
Thoracic Radiology (14) / Neuroradiology (11) /
Musculoskeletal Radiology (7)/  Interventional Radiology (6) /
Other (36) Other (28%)
Age (years; M/ SD) 27.79 (8.92) 28.00 (7.30)
Experience (years; M/ SD) 4.64 (9.06) 3.39 (6.51)
Scans/week (years; M / SD) 181.43 (105.01) 180.00 (105.01)

Abbreviations: F: female; M: mean; SD: standard deviation

Task duration

The task duration was equivalent across the groups (experimental: M = 22.82 mins,
SD = 8.00 mins; control: M = 22.17 mins, SD = 4.90 mins; p > .05).

Lung nodule detection accuracy

When including the practice case (CT1) with CT stacks 4, 6, and 7, the mean nodule
identification score for the control group was 30.57 (SD = 6.13) out of 49 (62%), while
the experimental group scored M = 27.16 (SD = 7.53) out of 49 (55%). The Mann-
Whitney U test indicated no significant between-group difference (U = 82.50, Z = -1.65,
p > .05), accompanied by a medium effect size (r = -.29). Excluding the practice case
yielded similar results (control group: M = 25.50, SD = 5.04) out of 41 (62%),
experimental group: (M = 22.88, SD = 6.03) out of 41 (65%), U = 80.50, Z=-1.73, p >
.05, r =-.30). Performance on CT stacks 1 and 4 was lower than on stacks 6 and 7,
with both groups scoring similarly on the inattentional blindness stack (CT7), as shown
in Table 4.
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Table 4: control and experimental group lung nodule detection scores

CT Stack1 CT Stack4 CT Stack6 CT Stack?7

Control (M / SD) 5.07 (1.43) 10.43 (3.00) 8.07 (2.01) 7.00 (0.87)
Control (%) 63 45 80 88
Experimental (M / SD) 4.28 (2.13) 8.28(3.83) 7.61(2.20) 7.00 (1.02)
Experimental (%) 54 35 76 88

Abbreviations: CT. computed tomography; SD: standard deviation

Additional markings

All participants made additional markings on the CT stacks that were not classified as
lung nodules according to the reference data, including duplicate markings, visibility of
lung nodules across multiple image slices, lung nodules < 3mm, and other suspected
abnormalities. The experimental group made numerically more additional markings
compared with the control group across five CT stacks, although all group differences
were not statistically significant (all p-values >.05; Table 5).

Table 5: control and experimental group additional markings (lung nodule) detection
scores

Control (n = 14) Experimental (n = 18)

Stack Mean SD Mean SD p-value Effect size (r)
CT1(8) 350 1.74 4.78 3.82 47 12
CT2(0) 064 1.15 1.06 2.10 .93 .01
CT3(0) 186 1.70 2.28 5.37 24 .20
CT4(23) 593 3.73 5.00 5.41 15 25
CT5(0) 1.14 1.87 0.28 0.75 .09 .29
CT6 (10) 13.07 7.45 17.39 11.84 .31 A7
CT7(8) 236 2.56 2.39 3.97 .66 .07

Note: the number of lung nodules for each CT stack is provided in brackets
Abbreviations: CT: computed tomography; SD: standard deviation
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Concise medical checklist

The experimental group’s frequency of and percentage of responses to the medical
checklist questions are shown in Table 6.

Table 6: Concise Medical Checklist responses

Question 1 Question 2 Question 3
Stack Yes No Yes No Yes No
CT1 (n/ %) 17 (94) 1(6) 12 (67) 6 (33) 16 (89) 2 (1)
CT2 (n/ %) 17 (94) 1(6) 14 (78) 4 (22) 13 (72) 5 (28)
CT3 (n/ %) 15 (83) 3(16) 14 (78) 4 (22) 13 (72) 5 (28)
CT4 (n/ %) 17 (94) 1(6) 16 (89) 2 (1) 17 (94) 1 (6)
CT5 (n/ %) 16 (89) 1(6) 15 (83) 2 (1) 11 (61) 6 (33)
CT6 (n/ %) 16 (89) 2 (11) 15 (83) 3(17) 17 (94) 1(6)
CT7 (n! %) 18 (100) 0 (0) 16 (89) 2 (1) 17 (94) 1 (6)

Notes: Question 1: Did you adhere to your primary and secondary search patterns?;
Question 2: Did you remember to check your blind spots?; Question 3: Are you
satisfied with your searching? One participant did not complete the medical checklist
for CT stack 5.

Abbreviations: CT: computed tomography

Post-task survey

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

In the experimental group, 94% of participants reported that the last case appeared
different, while it was 86% in the control group. A chi-square test revealed no

statistically significant difference between the groups, with a small effect size (x*(1)
=70, p > .05, V= .14).

Question 2: Did you notice any other medically relevant findings on the final case?

In the experimental group, 78% of participants did not report seeing signs of breast
cancer, while in the control group, 79% did not report seeing signs. A chi-square test
revealed no statistically significant difference between the groups, with a negligible
effect size (x3(1) = .00, p > .05, V= .01).

Question 3: Did the final case show signs of breast cancer?

In the experimental group, 78% of participants did not report seeing signs of breast
cancer, while in the control group, 79% did not report seeing signs. A chi-square test
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analysis revealed no statistically significant difference between the groups, with a
negligible effect size (x*(1) = .00, p > .05, V =.01).

Question 4: Did the final case show signs of lymphadenopathy?

Fifty-eight percent of participants in the experimental group and 50% of the control
group noticed signs of lymphadenopathy. One response was missing for this question
in the experimental group. A chi-square test revealed no statistically significant
difference between the groups, with a negligible effect size (x*(1) = .24, p > .05, V =
.08).

Discussion

This study aimed to assess whether a concise medical checklist could mitigate
inattentional blindness among radiologists when interpreting chest CT stacks. The
findings suggest that, contrary to the hypotheses, the medical checklist did not lead to
any noticeable benefits in the detection of lung nodules (hypothesis 1), nor breast
cancer symptoms (hypothesis 2).

Notably, the control group had a higher mean identification score compared with the
experimental group (62% vs. 55%), though the difference was not statistically
significant. The performance of both groups was also similar to the findings in a
previous study (Williams et al., 2021). Considering the slightly higher detection rate in
the control group, the checklist used by the experimental group may have potentially
had a negative impact on performance. For instance, the experimental group tended
to make more additional markings, but at the same time, detected numerically fewer
lung nodules. This warrants further investigation to explore the checklist's influence on
detection outcomes.

Equally, the checklist showed no superior performance in detecting the
lymphadenopathy or breast cancer. This was despite the maijority of participants
reporting a perceived difference in the last CT stack (control group 85%, experimental
group 94%). Nearly 80% of participants in both groups failed to notice the breast
cancer mass, a rate higher than the 66% reported in a previous study (Williams et al.,
2021). It is possible that the checklist primed radiologists in the experimental group to
anticipate something different about the final CT stack; however, it failed to yield
favourable outcomes in detecting the incidental findings.

While the checklist appeared to influence the behaviour of some participants, this
effect was not universally observed across the experimental group. Although the
responses indicated a gradual shift from “no” to “yes” this may have been due to
socially desirable responding. A small minority still reported not adhering to their
primary search patterns nor checking their blind spots as they progressed through the
CT stacks. This suggests the checklist may have been treated as a checkbox exercise
by some participants. It could also indicate satisfaction of search bias, which refers to
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the tendency for some radiologists to curtail their search efforts after identifying one
or several abnormalities. While this can be seen as a strategy to conserve cognitive
resources, it can also leave room for oversight (Berbaum, 1990; Busby et al., 2018).

A potential explanation for these non-significant findings could be that the checklist
was not sensitive enough. A more explicit and systematic checklist may have resulted
in improved performance, as seen in Williams et al.’s (2021) second study, where 97%
of radiologists noticed the breast cancer mass when they were specifically prompted
to check for it. Yet, more detailed checklists can be time-consuming (Kok et al. 2017).
Given the multitude of potential abnormalities, a comprehensive systematic checklist
would likely necessitate categorisation based on importance, ultimately complicating
the already rocky landscape of incidental findings (see Booth et al., 2016). Moreover,
participants in this study reported reading an exceptionally high number of scans per
week, rendering a lengthy checklist impractical as a clinically useful tool. In a previous
study (Williams et al., 2021), radiologists reported reading an average of 41 CT scans
per week. In contrast, radiologists in this study read approximately 180 scans per
week. This discrepancy is likely due to the excessive patient workloads in China (Li &
Xie, 2013).

Based on the performance results above, it raises the question of whether the concise
medical checklist was actually competing for the radiologists’ attention instead of
aiding it. It may have inadvertently added to their cognitive demands by introducing an
additional task. This diversion from the primary task may have obscured not only their
ability to find lung nodules but also their capacity to detect other possible
abnormalities. This aligns with Grissinger’s perspective on medication errors and
inattentional blindness, in which the author dismisses the use of “error reduction
strategies” (Grissinger, 2012, p. 542), which would include the use of an intervention
like a checklist. Instead, Grissinger (2012) advocates two methods: those that seek to
minimize potential distractions and those that seek to enhance the visibility of
important information. This is because splitting our attention may increase errors,
irrespective of whether one of the things dividing our attention is actually a reminder
to remain visually attentive, as was the case in this study.

Regarding Grissinger’'s (2012) first point on minimising distractions, it is well-
established that multitasking often compromises task performance because when we
attempt to multitask, we merely end up switching between tasks. This overwhelms the
demands placed on the neurocognitive systems that support and control sustained
attention, making tasks longer to complete (Madore & Wagner, 2019). Similarly, it may
be that the introduction of the medical checklist increased both the perceptual load —
the number of items that needed to be attended to — and the cognitive load, increasing
the difficulty of the primary task (Matias et al., 2022). It may have also heightened
uncertainty, as reflected in the higher number of additional markings in the
experimental group. This may have made it more challenging for observers to detect
the unexpected stimuli, as they juggled lung nodule detection and completing the
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checklist, which may have been further compounded by having to jump between
electronic devices (computer and smartphone). This is supported by evidence
indicating that distractions from a primary task — whether walking, driving, or using a
mobile phone — can increase inattentional blindness (Chen et al., 2016; Strayer et
al., 2011). Additionally, the implementation of distraction-free practices and zones in
the administration of medication among nurses, has shown a significant reduction in
errors of up to almost 80% in some instances (Connor et al., 2016; Westbrook et al.,
2017). Thus, the cognitive and perceptual demands of managing multiple tasks, such
as marking lung nodules and completing the checklist, may not yield benefits in
performance when compared with not using the checklist. If this is the case, it could
render the concise checklist defunct, or worse, unintentionally lead to reduced
awareness and decreased sensitivity to unexpected stimuli, making it detrimental to
performance.

To address this, one approach to sustaining attention on a primary task while
minimizing internal noise and remaining receptive to unexpected stimuli is said to be
mindfulness. This method shifts the focus from relying on external aids to fostering an
internal strategy for combating inattentional blindness (see Schofield et al., 2015;
Burton et al., 2016). Some support for this comes from a controlled pilot study among
young neurosurgeons, which revealed that those who underwent an eight-week
mindfulness-based intervention programme had a lower incidence of inattentional
blindness errors compared with a control group (Pandit et al., 2022).

Regarding to Grissinger’s (2012) second point on enhancing the visibility of potentially
important stimuli, success in the field of medical imaging inevitably depends on
developments in artificial intelligence and machine learning. This is because, while
changes in medical imaging technology have become more advanced, the shift from
X-rays to more advanced imaging like CT scans, the human brain and eye remain
unchanged (Robinson, 1997). Artificial intelligence is already being utilised in some
hospitals to assist radiologists. These systems typically highlight potential regions of
interest in a bright colour for the radiologists to review, with some detecting lung
nodules even years in advance (Lovelace Jr et al., 2023). The performance of such
tools in the field of lung nodule detection is often equivalent to or better than human
observers (Gu et al., 2021a, 2021b; Li et al., 2022). However, future studies are
essential to explore their full potential with respect to inattentional blindness, as
increased luminescence is unlikely to eliminate inattentional blindness because it still
requires human verification, ultimately leaving it at risk of oversight despite brightly
coloured potential abnormalities appearing unmissable.

This study has several limitations, most notably the small sample size. A larger sample
is essential to thoroughly assess the efficacy of various medical checklists among
radiologists when examining CT stacks. Some scholars have highlighted the need for
larger sample sizes to ensure the generalizability and reliability of findings in
radiological research (Blackmore, 2001). Additionally, the absence of eye-tracking
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data limited the ability to correlate participants' observations of the breast cancer mass
with their gaze patterns, as in a previous study (Williams et al., 2021). The translation
of the written materials is also a further limitation. Although they were translated by a
certified translator, the back translation was conducted by a member of the research
team rather than by someone unfamiliar with the study’s purpose. Lastly, despite the
considered methodology used for calculating lung nodule detection accuracy, it was
done manually, introducing the potential for human error, namely inattentional
blindness. The impact of manual error on diagnostic accuracy is well-documented in
the literature (Berbaum et al., 1990; Kim & Mansfield, 2014).

Overall, the findings suggest that a concise medical checklist may not effectively
reduce inattentional blindness among radiologists evaluating chest CT scans. The
checklist showed no clear benefits in marking lung nodules and may even lead to
similar or worse performance than not using it. Instead, efforts might be better focused
on helping radiologists reduce internal noise and finding ways to enhance the
importance of unexpected stimuli. However, further research is needed before fully
dismissing the potential of checklists in addressing inattentional blindness in medical
imaging.

Data availability statement
The authors confirm that the data supporting the findings of this study are available
within the article and/or its supplementary materials.
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