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Abstract
A radiologist’s search pattern can directly influence patient management. A missed finding is a missed opportunity for intervention.
Multiple studies have attempted to describe and quantify search patterns but havemainly focused on chest radiographs and chest CTs.
Here, we describe and quantify the visual search patterns of 17 radiologists as they scroll through 6 CTs of the abdomen and pelvis.
Search pattern tracings varied among individuals and remained relatively consistent per individual between cases. Attendings and
trainees had similar eye metric statistics with respect to time to first fixation (TTFF), number of fixations in the region of interest
(ROI), fixation duration in ROI, mean saccadic amplitude, or total number of fixations. Attendings had fewer numbers of fixations per
second versus trainees (p < 0.001), suggesting efficiency due to expertise. In those cases that were accurately interpreted, TTFF was
shorter (p = 0.04), the number of fixations per second and number of fixations in ROI were higher (p = 0.04, p = 0.02, respectively),
and fixation duration in ROI was increased (p = 0.02). We subsequently categorized radiologists as Bscanners^ or Bdrillers^ by both
qualitative and quantitative methods and found no differences in accuracywithmost radiologists being categorized as Bdrillers.^ This
study describes visual search patterns of radiologists in interpretation of CTs of the abdomen and pelvis to better approach future
endeavors in determining the effects of manipulations such as fatigue, interruptions, and computer-aided detection.
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Background

A radiologist’s search pattern is generally shaped by experience,
usually by learning of missed findings. When a radiologist does
not see a finding, in other terms, makes an error of detection,

they are forced to confront a potential Bblind spot^ in their visual
search pattern. Discovering blind spots through detection error
is one way in which radiologists learn about their visual process;
however, it is not entirely clear to what extent radiologists, at
baseline, understand and reflect on their visual search pattern,
nor is it clear how individual search patterns differ.

Eye tracking technology has been utilized to better under-
stand the radiologist’s search pattern, most robustly in chest
radiography interpretation.[1–6] A commonly utilized eye
tracking metric is that of the time to first fixation, or the time
duration for the subject to focus on the abnormality for the first
time, which has been shown to be shorter in experts versus
novices.[7, 8] Intuitively, it follows that an expert would be
quicker to identify an abnormality as compared to a novice. It
is thought that experience fine tunes a search pattern, and
while it has been reported that senior radiology residents have
search patterns closely approximating their attendings’, the
attendings maintain greater diagnostic accuracy, likely due to
differences in cognitive processing of image findings.[6]

There is growing interest in better evaluating eye move-
ments when examining cross-sectional imaging. Most of this
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work has utilized chest CTs and almost exclusively as it relates
to the detection of lung nodules.[9–11]This has resulted in
better understanding of differing visual search patterns, and
also the relative success rate of different search patterns. Drew
et al. have described grouping radiologists into two categories
of searching behavior: Bscanners^ and Bdrillers^ in regard to
interpreting chest CTs. BDrillers^ were described as having
relatively more restricted eye movements in the two-
dimensional plane while scrolling through the image, while
Bscanners^ had a wider two-dimensional search pattern,
progressing more slowly through the depth of a CT chest.
BDrillers^ were found to have greater accuracy than
Bscanners^.[9] Our goal was to map the self-directed visual
search patterns of practicing radiologists, at the attending and
trainee level (fellows and residents), interpreting normal and
abnormal CTs of the abdomen and pelvis. Prior studies have
relied on a cine loop or single-direction scrolling of stack
images to assess visual search.[12–14] Our study allows radi-
ologists to scroll through axial CT images naturally on a view-
er, to better recreate the real-world experience. We used 3D
eye tracking data to create a map of each individual’s search
pattern viewing multiple CT cases, both with and without
pathology.We examined time to first fixation (TTFF), number
of fixations, number of fixations per second, number of fixa-
tions in the region of interest (ROI), total fixation duration,
total fixation duration in ROI, and mean saccadic amplitude
with respect to accuracy and experience (attending vs. train-
ee). We also attempted to categorize radiologists’ search pat-
terns as Bscanners^ or Bdrillers^ as has previously been done
when searching for lung nodules on chest CTs.[9]

Methods

Our study was approved by our institutional review board
(IRB). Participants were recruited by email from our institu-
tion’s radiology department. Volunteers were given a written
description of the experiment and given the opportunity to ask
questions. Participants gave verbal consent to a member of our
research teamwho supervised the participant during the study.
The study was set in a small, private conference room with
standard room illumination. All imaging was viewed on a
laptop computer. Eye movements were tracked by a Tobii
(Danderyd, Sweden) eye tracking device mounted on the bot-
tom of the laptop display. Subject’s eye movements were cal-
ibrated to the eye tracking device. Subjects viewed a total of
six cases categorized as Bnormal,^ Beasy,^ and Bhard^ with
respect to the absence or presence of pathology on the CT. The
level of difficulty of the presented cases was determined by
consensus between a senior radiology resident (PGY-4) and
radiology attending. The first case presented was always a
practice case (an Beasy^ case of acute, uncomplicated appen-
dicitis) and was not included in analysis. The subsequent five

cases were randomized for each subject and included: two
Bnormal^ cases, a Bhard^ case of a right adrenal nodule, a
Bhard^ case of a lipoma in a loop of the jejunum, and an
Beasy^ case of diverticulitis. In those cases that were not nor-
mal, the site of pathology on CTwas outlined as a volumetric
ROI on the viewer for later analysis (i.e., a ROI square drawn
around the jejunal lipoma). This region of interest marking
was not visible to the subjects.

Eye movements were mapped to the CT images by synchro-
nization with slice number by time stamp. Subjects were not
given a time limit and recorded any and all findings on a
worksheet. Participants were instructed to only record their find-
ings once they were finished viewing the case to reduce head
motion and eye deviation away from the screen. Once all cases
had been viewed, the participants also completed a short ques-
tionnaire about their demographics and search pattern practices.

The subject’s responses were scored for accuracy in diag-
nosis. Essentially, the main diagnosis (diverticulitis, jejunal
lipoma, or adrenal adenoma) was accepted as correct and, if
it was not reported, this was considered incorrect, even if the
radiologist had correctly noted another less salient finding that
was present (such as an anatomic variant). Normal cases were
scored as correct unless the radiologist describe a false posi-
tive finding—a finding that was not reported on the accompa-
nying radiology report and was also not present on secondary
review of the images by a senior radiology resident (PGY-5).

Once visual data was acquired, we developed logistic re-
gression models with dependent variable as accuracy (two
levels: correct, incorrect) or experience (two levels: attending,
resident) and independent variables as TTFF, number of fixa-
tions, number of fixations per second, number of fixations in
ROI, total fixation duration, total fixation duration in ROI, and
mean saccadic amplitude. We used participants as a blocking
factor to determine which of the independent variables were
statistically significant. We defined fixations based on the I-
VTalgorithm as described by Salvucci and Goldberg and used
a threshold of 20°/s.[15]

Drew et al. have described grouping radiologists into
Bscanners^ and Bdrillers^ in regard to their visual search pattern
when interpreting chest CTs.9 We applied their classification
techniques to our participants in two ways. The first was a mod-
ification of Drew et al.’s technique by a qualitative assessment:
plotting eye movements on a depth versus time chart and ana-
lyzing the curve by consensus between two of the authors.[9]
When examining depth versus time curves to subjectively clas-
sify a participant as a Bscanner,^ these curves demonstrated rel-
atively less change in depth over time (Fig. 1) with curves re-
sembling hills. Conversely, Bdrillers^ would cover more depth in
a shorter amount of time giving the appearance of a seismic trace
(Fig. 2). The quantitative method we used was also modified
from Drew et al.9 We plotted the cluster fixation per second
versus the mean saccadic amplitude for each trial and ranked
the aggregate eye movements.
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Results

Of the 19 radiology trainee and attending participants, one
was excluded from analysis after failing to record diagnoses
for all cases and a second participant was excluded for inad-
vertently viewing a practice case that was different from the
other subjects. In our analysis, fellow and resident data were
combined as both were considered trainees. Nine attendings
and 8 radiology trainees examined a total of 85 cases. Fifteen
of these cases were excluded from analysis due to > 25% eye
tracking data loss with 70 cases remaining for data analysis.
The age of participants ranged from 29 to 61 years old.
Subspecialties of the participating attendings included body
imaging, women’s imaging, breast imaging, and neuroradiol-
ogy.We found that participants’ overall accuracy was relative-
ly consistent with the assigned level of difficulty of each case
with fewer participants correctly diagnosing difficult cases
(Table 1). There was no significant difference in accuracy
between trainees and attendings (p = 0.18).

In analyzing eyemovement data for all participants, we found
the TTFF was shorter for correct responses 77.6 s vs. 131 s (p=

0.04) and did not differ by experience level (attendings 92.1 s;
residents 99.5 s; p = 0.74). The number of fixations per second
was higher in correct responses (2.37 vs. 2.05; p = 0.04) with
attendings having significantly fewer fixations per second than
residents (1.89 vs. 2.59; p < 0.001). The number of fixations in
ROI was higher in correct versus incorrect responses (6.15 vs.
0.9; p = 0.02) without significant differences between attendings
(3.3) and residents (3.9) (p = 0.76). Fixation duration in ROI was
likewise increased in correct responses (3.44 s vs. 0.78 s; p =
0.02) with no significant differences between attendings (2.10 s)
and residents (2.16 s)(p = 0.95). There were no significant differ-
ences in accuracy or experience in measurement of mean saccad-
ic amplitude (accuracy: p= 0.60; experience: p= 0.24) or total
number of fixations (accuracy: p= 0.83; experience: p= 0.329).

We subsequently attempted to classify radiologists as
Bscanners^ or Bdrillers^ using both qualitative measures and
quantitative measures.9 In qualitatively examining the depth
versus time curves by consensus, we determined that 13 par-
ticipants were Bdrillers^ (participants 3, 5, 6, 8, 11–19) and 4
were Bscanners^ (participants 2,4, 9, 10). Depth vs. time
curves appeared similar between cases for each individual
radiologist (supplementary material). Utilizing the quantita-
tive method of sorting by plotting the cluster fixation per sec-
ond versus the mean saccadic amplitude for each trial and
ranking the aggregate eye movements, we found two radiolo-
gists were Bscanners^ [8, 9] and the remainder were Bdrillers.^
Finally, when we performed a rank eye index, we found in-
consistencies between our quantitative (Fig. 3) and qualitative
assessments (Fig. 4). We found no significant differences in
accuracy between using our quantitative sorting method
(Fig. 5) (p = 0.6312(Pearson’s chi-squared test)) and qualita-
tive sorting method (Fig. 6)(p = 1(Pearson’s chi-squared test)).

Discussion

Interestingly, the only significant difference in eye tracking met-
ric between attendings and trainees was the number of fixations
per second. This is likely explained by the increased efficiency
of expertise and experience described by Manning et al. as de-
creased mean scrutiny time per film.[16] Experts have fewer

Fig. 1 BScanner^ depth vs. time curve. An example of a BScanner^ visual
search pattern by qualitative assessment on a depth versus time curve.
More time is spent at a given depth suggesting search focused in the x-y
plane

Fig. 2 BDriller^ depth vs. time curve. An example of a BDriller^ visual
search pattern by qualitative assessment on a depth versus time curve. The
changes in depth are more dramatic over a shorter time frame

Table 1 Overall accuracy by case and level of difficulty

Case Level of difficulty Participants reporting
correctly

Appendicitis Easy Practice case, not scored

Diverticulitis Easy 13 (76%)

Normal B – 13 (76%)

Right adrenal nodule Hard 4 (24%)

Normal F – 11 (64%)

Jejunal lipoma Hard 4 (24%)
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number of fixations overall when searching images and before
encountering a region of interest, suggesting their search pat-
terns are more focused than novices who presumably have a
more broad and random search.[6, 16, 17] Otherwise, our lack
of significant differences in eye tracking metrics between

attendings and trainees with respect to TTFF, number of fixa-
tions in ROI, fixation duration, mean saccadic amplitude, and
total number of fixations is in line with Kelly et al. who discov-
ered no significant differences in eye tracking metrics between
trainees and attendings.[6] This may also account for the similar
rate of accuracy between trainees and attendings in our study.
Potentially, differences in eye tracking metrics may have been
more dramatic in naïve individuals without radiology experi-
ence, and this was likely a limitation in our study.

Our study found no difference in mean saccadic amplitude
with respect to accuracy. Decreased saccadic amplitude is asso-
ciated with Bdrilling^ behavior and demonstrated elsewhere to
result in greater accuracy in pulmonary nodule detection.[9]
Bertram et al. found that experts (radiologists) had decreased
saccadic amplitude when viewing CT images of the abdomen
and pelvis as compared to non-experts (psychology students and
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Fig. 3 Average eye movement index vs. rank order per trial based on
quantitative assessment. The categorization by mean saccadic amplitude
per trial was plotted demonstrating the separation between Bscanners^
(green diamonds) and Bdrillers^ (red squares)

0.00

0.25

0.50

0.75

1.00

0 20 40 60 80

Rank

A
v
e

ra
g

e
 e

y
e

 m
o
v
e

m
e

n
t 

in
d

e
x

Driller

Scanner

Average Eye movement index vs Rank order for each trial

Fig. 4 Average eye movement index vs. rank order per trial based on
qualitative assessment. The categorization of each depth vs. time curve
per trial was plotted demonstrating significant overlap in Bscanners^
(green diamonds) versus Bdrillers^ (red squares)

Fig. 5 Accuracy between Bdrillers and Bscanners^ based on quantitative
assessment. There was no significant difference in accuracy between
Bscanners^ and Bdrillers^

Fig. 6 Accuracy between Bdrillers and Bscanners^ based on qualitative
assessment. There was no significant difference in accuracy between
Bscanners^ and Bdrillers^
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CT technologists). In fact, radiologists appeared to uniformly
decrease their saccadic amplitude in the presence of abnormal
imaging findings (in their case, abnormally enlarged lymph
nodes), suggesting that experts need only examine a smaller area
to come to the correct conclusion as compared to naïve partic-
ipants [14]. Drew et al. similarly found that Bscanners^ tended to
be radiologists that did not routinely read chest CTs in practice,
suggesting that those with more experience reading chest CTs
tended to be Bdrillers^ either because they had found this style to
be more successful in practice and had adapted it or because the
more experienced radiologists tended to be Bdrillers^ skewing
the results in favor of experienced versus the predominantly
more inexperienced Bscanners^[9].

The number of fixations and fixation duration in the ROI
were all increased in accurately interpreted case. This is likely
explained by the fact that the participant found the ROI salient
enough to report, and, therefore, warranted greater attention.

Using both quantitative and qualitative methods to sort radi-
ologists into Bscanners^ or Bdrillers,^ we found no significant
correlation with accuracy, even after power analysis, with our
quantitative method of sorting (p = 0.6312(Pearson’s chi-
squared test)) (Fig. 5) or with our qualitative method of sorting
(p = 0.1) (Fig. 6).

While there is evidence to suggest that Bdrilling^ is advanta-
geous when distinguishing round nodules from linear pulmonary
vessels given their different morphology and the tendency for
spherical pulmonary nodules to Bpop^ out in the z-plane greater
than the x-y plane[9], the lesions and pathology encountered in
abdominal imaging are more varied, irregular in shape, and typ-
ically low contrast with respect to their background (i.e., soft
tissue lesions in soft tissue organs versus soft tissue nodules in
the air-filled lung). Also, there are more organs in the abdomen
and pelvis than in the thorax, and a pathologic process affecting
one organ can predispose to involvement of another, unlike a
pulmonary nodule, which is less often related to other organs in
the chest (such as the heart). Further, instead of the single goal of
identifying pulmonary nodules, radiologists are often looking for
multiple possible imaging findings to explain a patient's clinical
symptoms, and frequently balancing salient but unimportant
findings (abdominal wall injection site granulomas) with more
subtle but critical findings (iliac vein thrombus). These compli-
cating factors favor a more creative approach to visual search
representation. Our attempts to characterize radiologists as
Bscanners^ versus Bdrillers^ suggest that the majority of radiol-
ogists take a Bdrilling^ approach to interpretation of CTs of the
abdomen and pelvis. However, this may be an imperfect model
to apply to CTs of the abdomen and pelvis given the inconsis-
tencies in categorization between qualitative and quantitative ap-
proaches. Thismay be explained by differences in image analysis
when calculating average cluster fixations: the axial plane needs
to be sectioned into quadrants, which may not be meaningful
given that the organs are not all sectioned into quadrants and they
occupy a significant amount of space in the z-axis. Ideally,

examining the accuracy of detection of lesions in a single organ
(such as the liver) using a Bdrilling^ or Bscanning^ pattern may
be a future direction for research.

By both our methods used to classify radiologists, the ma-
jority of participants were characterized as Bdrillers.^
Identifying Bscanners^ proved to be more inconsistent as only
one participant was characterized as a scanner by at least two
methods (participant 9). Potentially, utilizing 3D gaze maps to
illustrate visual search patterns can bemore effective not only in
describing individual visual search pattern, but also highlight-
ing areas that were not examined (Fig. 7). These 3D gaze maps
also illustrate the differences in eye movements between
Bdrillers^ and Bscanners^ more saliently. The Bscanner^ partic-
ipant (Fig. 7, right panel) spends the most time moving hori-
zontally through the individual slices, with much longer fixa-
tions than the Bdriller^ (Fig. 7, left panel). The tracing resem-
bles a meticulous slicing through the CT as opposed to the
briefer, more chaotically spaced fixation points of the Bdriller.^
In addition, the Bdriller^ appears to have more space devoid of
fixations in the center of the abdomen, whereas the Bscanner^
has covered the central abdomen more thoroughly.

Fig. 7 Differences between search patterns of Bdrillers^ vs. Bscanners^ in
a case of acute diverticulitis. Left panel: 3DGazeMap in three planes of a
BDriller .̂ Participant’s eye movement tracing superimposed on a CT of
the abdomen and pelvis with ROI in the left lower quadrant (red square).
Right panel: Gaze Map in three planes of a BScanner.^ Participant’s eye
movement tracing superimposed on a CTof the abdomen and pelvis with
ROI in the left lower quadrant (red square)
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Our study had several limitations, some of which we elic-
ited from participant survey responses. Our viewer was de-
signed to mimic a PACS system and provide user control over
navigation through the images with a mouse scroll wheel,
similar to a reading room experience, rather than relying on
previous methods of cine clips [14, 18], navigating with key-
board arrows [9] or limited, unidirectional scrolling.[8]
However, participants reported that the inability to window/
level the images or view orthogonal reformatted images, as
well as have to perform the task in ambient lighting brighter
than their normal work environment, all detracted from a
Brealistic^ reading room experience. We acknowledge that
the aforementioned factors are potential limitations of our
study in that they may have influenced the participant’s
searching behavior; however, our viewer posed no greater
limitations than those in other studies and was arguably more
advanced in allowing navigation by self-directed scrolling.

The inherent intent of our study to observe radiologists’
search pattern could have contributed to a BHawthorne
effect^[19]. In other words, since the participants were aware
that their eye movements were being tracked, they may have
more closely adhered to their search patterns then when in
practice. Our hope in presenting six CTs of the abdomen and
pelvis was to introduce some level of fatigue by the fifth case
to overcome such behavior. In response to the question BDid
you adhere to your typical search pattern while interpreting
these CTs?^ 10 out of 17 respondents answered Byes for all^
while the remaining participants answered Bmostly.^ In re-
sponse to the question, BWill your search pattern change once
you find an abnormality on a CTof the abdomen and pelvis?^
one participant responded Balways,^ 6 out of 17 responded
Bmost of the time,^ 8 out of 17 responded Bnot very often,^
and 2 out of 17 responded with Bnever.^ In a follow-up ques-
tion as to how their search pattern would change after an
abnormality was encountered, most participants answered that
they would evaluate the area of abnormality more closely and
evaluate pertinent positives and negatives. Given the similar-
ities of individual radiologists’ depth vs. time curves between
cases (supplementary material), it appears that radiologists
adhered to their search pattern regardless of whether an abnor-
mality was present, as most claimed to on their questionnaire.

Several of the CT cases, in hindsight, had incidental findings
beyond the key diagnosis and even in those cases labeled
Bnormal.^ For example, in the Bhard^ case of a subtle right
adrenal nodule, there were multiple incidental findings that par-
ticipants reported and that were subsequently verified, including:
atherosclerosis, a uterine fibroid, diverticulosis, a retroaortic left
renal vein, a distended gallbladder, a punctate liver lesion, mild
distal small bowel wall thickening and submucosal fat deposi-
tion, left ovarian cyst, and trace fluid. Interestingly, there were
also false positive findings reported in the Bnormal^ cases
(Table 2). The presence of additional true and false positive find-
ings in Bnormal^ cases highlights the need for better

understanding into false perception and the potential value for
double readers in radiology studies. In light of these multiple
findings, compounded with an artificial viewing environment,
it is not surprising that the majority of subjects missed such a
subtle finding. Our questionnaire did specifically ask participants
if they stopped searching the images after making a finding and
all participants uniformly responded BNo,^ suggesting that par-
ticipants searched the entire study as instructed.

Conclusion

Our data demonstrates that radiologists have increased num-
ber of fixations, and fixation duration in correctly interpreted
cases, as well as shorter time to first fixation. We also found
that attendings had fewer fixations per second than residents,
highlighting the role of expertise. However, attendings and
trainees were otherwise similar in most eye metric analysis.

We further discovered that previously defined search be-
havior in chest radiographs and chest CTs may not be ade-
quate to describe the complexity of the visual search process
in the abdomen and pelvis. Future avenues of research include
establishing coverage or heat maps for individual radiologists
to determine blind spots, as well as studying the role of inter-
ruptions, fatigue, and computer-aided detection (CAD) on vi-
sual search pattern adherence.
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