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Informatics in Radiology

What Can You See in a Single Glance
and How Might This Guide Visual Search
in Medical Images?'

Trafton Drew, PhD * Karla Evans, PhD * Melissa L.-H.V6, PhD * Francine
L. Facobson, M D, MPH * Feremy M. Wolfe, PhD

Diagnostic accuracy for radiologists is above that expected by chance
when they are exposed to a chest radiograph for only one-fifth of a
second, a period too brief for more than a single voluntary eye move-
ment. How do radiologists glean information from a first glance at
an image? It is thought that this expert impression of the gestalt of an
image is related to the everyday, immediate visual understanding of
the gist of a scene. Several high-speed mechanisms guide our search
of complex images. Guidance by basic features (such as color) re-
quires no learning, whereas guidance by complex scene properties is
learned. It is probable that both hardwired guidance by basic features
and learned guidance by scene structure become part of radiologists’
expertise. Search in scenes may be best explained by a two-pathway
model: Object recognition is performed via a selective pathway in
which candidate targets must be individually selected for recognition.
A second, nonselective pathway extracts information from global or
statistical information without selecting specific objects. An apprecia-
tion of the role of nonselective processing may be particularly useful
for understanding what separates novice from expert radiologists and
could help establish new methods of physician training based on med-
ical image perception.
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Introduction
Searching images for significant clinical findings
is a common task for radiologists. Given the dif-
ficulty of this task, it is not surprising that mis-
takes are made even though errors can be very
costly. If we think casually about the process of
searching for something, whether a pencil or a
malignant tumor, we probably imagine a deliber-
ate process of selecting one location after another
for analysis until the target of the search is found
or the searcher decides the target is not present.
However, expert radiologists will often report the
sensation of “knowing” that a particular image
contains a lesion before they are able to locate it.
The assumption is that there is information in the
first look at the image, and that the “gestalt” im-
pression (1) is a useful part of the expert search
process.

Kundel and Nodine (2) began the experimen-
tal analysis of this phenomenon in radiology by
measuring the diagnostic accuracy of radiologists
who were allowed only a 200-msec glimpse of a
chest radiograph. They found that radiologists
were able to correctly detect 70% of lesions in
chest radiographs that they viewed for only one-
fifth of a second. Of course, nobody is suggesting
that radiologists should make decisions based on
a single glimpse. However, the fact that diagnos-
tic accuracy far exceeded that expected by chance
confirmed that radiologists are capable of extract-
ing valuable information from an image without
having enough time to carefully examine it.

We consider this ability to be a specialized use
of global visual processes available to all visually
normal humans. Radiologists are expert medical
image searchers who spend thousands of hours
refining their search abilities. In a related sense,
given our lifelong experience moving about the
world from one visual scene to another, we are all
expert scene processors. A growing body of re-
search has shown that, just as radiologists may be
able to categorize a chest radiograph in the blink
of an eye, humans in general can categorize real
scenes (eg, as natural or man-made) after expo-
sures as short as 0.025 seconds (3-7).

radiographics.rsna.org

Of course, while there may be information in
a single glimpse of a scene, be it a vacation snap-
shot or a radiograph, that glimpse is generally not
sufficient for us to find or identify specific targets.
Our group has recently suggested that visual
search and visual awareness of complex images
may best be explained by a two-pathway process
(8) (Fig 1).

Converging evidence suggests that a nonselec-
tive pathway is the driving force behind the ability
to successfully perform a variety of visual tasks
after brief exposure to a scene. This pathway ap-
pears to extract global or statistical information
from across the visual field, allowing the observer
to quickly extract the mean size (9), orientation
(10), or direction of motion (11) of an entire im-
age. The nonselective pathway does not support a
fine differential diagnosis nor indicate if the scis-
sors are in the kitchen drawer, but its analysis of
the visual statistics of the world will rapidly pro-
vide an assessment of the scene before you. For a
novice, analysis of these statistics would identify
an image as a radiograph after a fraction of a sec-
ond’s exposure. For an expert, analysis of these
statistics might support a fairly accurate (above
that expected by chance) assessment of whether a
patient requires further evaluation.

More specifically, object identification relies on
a selective path, so named because candidate ob-
jects must be individually selected and processed
to be identified. It is simply not possible, from a
computational point of view, to recognize all the
objects in the visual world at the same time (12).
Under attentional control, the selective pathway
processes object after object at a maximum rate
of approximately 20—40 objects per second. For
less readily identifiable “objects,” such as am-
biguous findings on a radiograph, the time per
object will be longer, but identification of those
objects will still be accomplished by the selective
pathway.

The fields of medical image perception (13)
and basic vision science seek to advance our
understanding of the mechanisms that underlie
our perception of visual information. In this ar-
ticle, we briefly summarize research from both
literatures, highlighting the role that nonselec-
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tive mechanisms play in the understanding of
medical images. Specific topics discussed are
the nature of guidance in visual search, forms
of guidance in visual search, scene guidance in
radiologic search, eye movements in medical
image perception, development of expertise in
nonselective search, and training for expertise in
nonselective search.

An important implication of the existence of
a nonselective pathway is that even the brief-
est of glances at an image may contain valuable
information that might be exploited in the de-
velopment of teaching tools or more effective
computer-aided detection algorithms. Established
radiologists may also find it useful to better ap-
preciate the role of nonselective processing in
their interpretation of images.

Nature of

Guidance in Visual Search
Visual search is the subject of a vast, ever-
expanding literature in cognitive psychology
(14,15). In the laboratory, visual search tasks
typically involve searching some well-specified
area for a target. Almost all of this enormous
body of work involves nonexpert observers
(typically, undergraduate psychology students)
searching a computer screen for a simple target
among simple nontargets or distractors. For
example, an observer might be asked to search
for a single 7 target among a number of L dis-
tractors. The target would typically be present in
50% of the trials.
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Figure 1. Two-pathway architecture for visual process-
ing. Diagram and medical image show the nonselective
(red arrow, red circle) and selective (blue line, blue arrows)
pathways of visual search. The selective pathway can com-
bine features and recognize objects. However, it is capacity
limited; it is difficult for it to process more than one item
or location at a time. We posit that searches in everyday
scenes and medical images are guided by the nonselective
pathway, which can extract statistics from the entire scene
or image. This global information can be used to categorize
scenes (eg, as natural or man-made) and their contents (eg,
an animal or a tumor). Nonselective processing does not
support precise object recognition.

Much of the visual search literature is con-
cerned with understanding the factors that influ-
ence the ease and speed with which targets are
found in these types of experiments. For instance,
it is easy to find a red 7 among green Ls because
the unique color of the target draws attention to
it. On the other hand, presenting 7s and Ls of the
same color in arbitrary orientations increases the
difficulty of the task. Experimenters typically take
great pains to remove any influence of observers’
experience with and knowledge about the display.
The goal is to place all observers on an equal
footing so researchers can evaluate universal
basic building blocks that underlie our ability to
find things in the real world.

While this body of research is the bedrock of
the visual search literature in visual science, it
neglects important aspects of the searches that
radiologists undertake every day. These aspects
include the years of training that radiologists
receive and the dramatically increased complex-
ity and ambiguity of medical images. Moreover,
until recently, the basic search literature had typi-
cally used arrays of randomly scattered items for
stimuli. This stimulus design ignored the fact that
real-world scenes and medical images are struc-
tured. It has become increasingly clear that any
account of visual search in scenes, be they natural
scenes or medical images, will require an account
of how the scene structure information can guide
the search (Fig 2).
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Figure 2. Visual search of random arrays versus real scenes. (a, b) Search for a framed picture. (a) In
classic visual search experiments, random arrays of items are presented, deliberately eliminating the pos-
sibility of guidance of search by scene context or scene structure. (b) In real scenes, context and structure
drastically constrain where we search. In this case, search will start on the walls, where pictures most com-
monly hang. (¢, d) Search for a lung nodule. (¢) If the background and spatial layout of a medical image
are removed, search becomes much more difficult. (d) With a real medical image, nonselective scene pro-
cessing will help expert radiologists find lung nodules quickly and with fewer extraneous eye movements.

In the remainder of this article, we outline evi-
dence that supports the importance of what we
refer to as nonselective, scene-based information
during medical image search.

Forms of
Guidance in Visual Search
Before becoming board certified, a radiologist
undergoes years of intensive training that involves
reading many thousands of images. One important
outcome of this training is to refine where radiolo-
gists look for targets. Recall that, in most laborato-

ry visual search experiments, the observers would
have no idea where in the image to look for their
target (Fig 2a). The situation is not so extreme

for novice radiologists, as they begin their train-
ing with an understanding of the basic anatomy
in most radiologic images. However, an important
consequence of training is to teach radiologist
trainees that some areas are more likely to contain
a lesion than others. Thus, while eye movement
recordings suggest that novice radiologists search
in a relatively haphazard fashion when looking

for lung nodules, experienced radiologists tend to
exhibit more concise eye movements, with fewer
fixations needed to extract more information (16).
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Evidence from a laboratory paradigm known
as “contextual cueing” (17) suggests that aspects
of this sort of expertise can develop outside of the
searcher’s awareness. Chun and Jiang (17) had na-
ive observers repeatedly search through artificially
created displays similar to that in Figure 2a. Un-
beknownst to the observers, some of the displays
were repeated several times. Observers responded
faster to the repeated displays, even though, when
tested later, they were unable to categorize displays
as repeated or not. In other words, observers are
able to find targets more quickly in scenes that
they have searched previously.

Of course, radiologic expertise is more com-
plex, but it seems likely that some learning of
the regularities of medical “scenes” will occur
outside of the radiologist’s explicit awareness.
Furthermore, an understanding of these regulari-
ties could help explain why experts are able to
find more targets and tend to find targets more
quickly (18,19).

In addition to learning where items of interest
might be in a scene, experts also develop superior
encoding of large-scale visual patterns. In the
basic literature, expert chess players provide a
useful example of this sort of superior perceptual
encoding. Their understanding of the game al-
lows them to grasp and remember chess positions
far more rapidly and effectively than novice play-
ers can (20). However, if the pieces are placed
randomly, in an analog of the random search
display of Figure 2a, chess experts are less able
than before to rapidly encode the “scene” into
memory (21). (For a review and discussion of the
relationship of this work to radiologic expertise,
see reference 22.)

From this perspective, the search model of
Kundel et al (23) is similar to the theory of
Chase and Simon (24) on skilled performance in
chess. In both cases, experts are thought to pos-
sess an enhanced vocabulary in their domain of
expertise, which allows them to efficiently evalu-
ate groups of features rather than focusing on
individual features, resulting in more information
being encoded in less time. It therefore follows
that the benefits of expertise in medical imaging
should be domain specific.

Whether radiologists are explicitly aware of the
details or not, training has taught them to guide
their attention to likely items of interest more ef-
ficiently. As with the chess experts, training also
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allows them to identify what they have found
once attention is given; however, our focus in this
article is on the initial guidance of their search. It
is useful to distinguish between fearure guidance
and scene guidance. In feature guidance, visual
features of the item of interest attract attention.
Thus, to return to a previous example, if the ob-
server knows that the target, a 7, will be red (f
present), attention will be guided to red items in
the display (25).

Not all possible features will guide attention.
Instead, there appears to be a set of one or two
dozen that will serve this role (26). In medical
image perception, the concept of Swensson (27)
of a two-stage detection model was a precursor to
ideas about feature guidance. Briefly, this model
postulates two serial processing stages: an initial
stage of global processing that functions as an
attentional filter, followed by a second stage in
which explicit attention is focused on those areas
that were tagged as interesting in the first stage.

In scene guidance, properties of the broader
scene constrain the likely locations of items. Pic-
tures are typically on the wall. Lung nodules are
in the lung and more likely in some regions than
others. The global-focal search model of Kundel
et al (28) captures the idea that “holistic” pro-
cessing of the image constrains subsequent focal
search. In that model, the holistic stage takes
place before most eye movements while inform-
ing the second stage, which is termed the search-
to-find stage. This stage involves shifting the eye
gaze to different suspicious locations. Thus, ex-
perts’ knowledge of what does and does not war-
rant additional visual examination should allow
them to quickly find suspicious regions.

We envision this global or holistic processing a
bit differently, as illustrated in Figure 1. Without
any firm commitment to a neural substrate, Wolfe
et al (8) describe two pathways whose outputs
lead to our experience of the visual world. The
selective pathway allows observers to identify spe-
cific objects, but due to capacity limits in the ner-
vous system, it is limited to one or a few objects
at the same time. In this view, your precise recog-
nition and awareness of any object, including for
example these words, is based on the output of the
selective pathway. That said, even if your atten-
tion is directed to these words, you are not blind to
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Figure 3. Experimental procedure in the study of Evans
et al (36). Diagnostic performance was reliably above that
expected by chance when radiologists classified mam-
mograms after a very brief display. However, the ability
to localize the lesion was not significantly above that ex-
pected by chance. The red arrows reflect the fact that the
radiologists were able to move the selection bar to reflect
confidence in their decision. pz = point.

objects elsewhere in the field. Your nonselective
pathway provides some information across the
entire visual field even as recognition is restricted
to the current object of attention.

Scene guidance, which is roughly equivalent to
the global or holistic aspects of the Kundel et al
(23) model, is guidance of attention on the basis
of outputs of nonselective processing. Nonselec-
tive processing goes by various names in various
literatures: Kundel et al (23,28) refer to it as
global or holistic processing; the vision science
literature refers to the gist of a scene; and the vi-
sion science and radiology literatures refer to the
gestalt of a scene. Neuroimaging studies provide
some evidence for this two-pathway proposal.
Some regions in the occipitotemporal cortex
selectively respond to individual objects, while
other regions respond to global properties such as
spatial layout, texture, or image statistics (29-32).

Scene Guidance

in Radiologic Search
Some of the earliest evidence for scene guid-
ance in medical image perception comes from
the previously discussed study in which trained
radiologists were asked to detect abnormalities
on chest radiographs after viewing each image for
just 200 msec (2). Performance was well above
that expected by chance (~70% correct) and in-
creased to nearly perfect with unlimited viewing.
The basic finding that radiologists can quickly
extract diagnostic information from medical im-
ages has been replicated a number of times with
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lung nodules of varying conspicuity (33,34) as
well as mammography (35). Unsurprisingly, in all
of these flash studies, performance was much im-
proved when radiologists were given more time to
search the images. However, together the results
of these flash studies strongly suggest that radi-
ologists are able to extract important information
in a single glance, before any eye movements and
without foveal vision.

One interesting caveat to this conclusion is
that although detection accuracy is consistently
above that expected by chance, localization ac-
curacy is not. Evans et al (36) asked mammogra-
phers to categorize and then localize malignan-
cies on mammograms that were each flashed for
500 msec (Fig 3). Performance equivalent to that
of chance in the localization portion of the tasks
supports the idea that performance of these very
fast normal-versus-abnormal categorization tasks
may be based on a global signal, with poor spatial
resolution that is adequate to establish the likeli-
hood of an abnormality without providing infor-
mation about its location. This finding represents
a puzzle that warrants further investigation.

On the one hand, if very fast detection of ab-
normalities is not accompanied by localization
of the item of interest, how would nonselective
processing guide the deployment of attention and
the movements of the eyes? One possibility is that
the scene structural information that is guiding
the eyes takes a bit longer to develop. According
to Nodine and Mello-Thoms (37), the holistic
stage might last a second or so. Another possibil-
ity is that the scene structural information guides
attention to places that could contain items of in-
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terest (eg, walls could hold pictures), but that this
aspect of nonselective guidance is distinct from

a global or statistical process that can be used to
roughly categorize images as, for example, nor-
mal or abnormal.

The ability to categorize a medical image as
normal or abnormal after a brief exposure may
be a trained specialization of the ability of nonex-
perts to categorize real scenes. To study ultrafast
scene processing, researchers typically display a
“pattern mask” of irrelevant, high-contrast infor-
mation immediately after a briefly flashed image.
Pattern masks are thought to prevent further
perceptual processing of the image. Research
has shown that humans can categorize scenes
at levels above that expected by chance after an
exposure of 20-100 msec followed by display of a
pattern mask.

Under these conditions, observers can moni-
tor a stream of images for a single type of scene
(eg, a picnic scene) (5,6). They can categorize
scenes as natural or urban (7,38,39) and as in-
door or outdoor (3). They can even decide if a
scene contains an animal or a vehicle (40,41).
This rapid categorization of scenes on the basis of
the presence of a target remains successful even
when the images are presented at low contrast
(42), when they are rotated or inverted (43,44),
or when chromatic information is removed from
them (45,46).

Eye Movements

in Medical Image Perception
Humans make three or four voluntary, ballistic
eye movements (“saccades”) per second as they
examine the visual world. How are those eye
movements organized? If you are currently fix-
ated on one spot in an image, what sort of visual
information and what sort of decision processes
determine the next fixation?

We need to move the eyes because we have
high-resolution vision only for images that fall on
the fovea of the eye. The choice of the next fixa-
tion point must be based on the lower-resolution
input from the extrafoveal periphery of the visual
field. In the brief exposure experiments described
earlier, durations of one-fourth of a second or
less were used because, in that period, one would
not have time to make a voluntary eye movement.
Consequently, the input to the visual system
would consist of a single snapshot of the scene.
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The development of eye-tracking technol-
ogy allowed researchers to look at the sequences
of saccades as an observer examined an image.
Kundel and La Follette (16) and Kundel et al
(47,48) were pioneers in the use of eye tracking
to study medical image perception. While it is dif-
ficult to measure the deployment of covert atten-
tion as radiologists view medical images, it is pos-
sible to monitor eye movements during free view-
ing of those images. The general finding is that
experts tend to fixate the malignancy or other
items of interest soon after first seeing the image,
long before their attention would be expected to
reach those sites if the first glance of the image
did not provide any location information (23).
When this methodology was used in one study,
more than one-half of the lesions fixated by the
participating fellows and residents were first fix-
ated within the first 1.1 seconds of the trial (23).

According to the model of Kundel et al (23),
the holistic processing stage uses information
from the first glance at the image to identify
anomalous areas that are categorized as “pertur-
bations.” Gaze is then directed at the perturba-
tions for closer inspection. Another study by the
same group analyzed eye-tracking data by using
a mixture model. By analyzing how long it took
to first fixate cancerous lesions, they found that
approximately two-thirds of the lesions were ini-
tially fixated within the 1st second of the trial.
The remaining one-third of cancer locations
were fixated later in the trial. This result suggests
that most lesions detected on mammograms are
located with the aid of guidance that is available
within that 1st second. If that guidance fails, a
slower, perhaps more systematic search yields the
remaining one-third of the lesions that are even-
tually found.

Development of

Expertise in Nonselective Search
It seems clear that guidance in medical image
search must be learned. The most obvious as-
pect of this learning is the acquisition of explicit
knowledge about anatomy, disease states, and
so on. Hand in hand with explicit learning is
implicit learning of search strategies, as seen, for
example, in the evidence that expert radiologists
tend to have much more efficient eye movement
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Figure 4. Scan paths in visual search. (a, b) Scan paths (red lines) for a first-year resident (a) and an
expert radiologist (b) while searching a chest radiograph for lung nodules. (¢, d) Analogous scan paths for
naive observers searching artificial scene stimuli. Scene guidance allows the target to be quickly found in a
realistic scene (d). However, when the background is removed and the object positions are scrambled,
more eye movements and more time are necessary to find the target (c). (Figs 4a and 4b courtesy of
Elizabeth Krupinski, PhD, University of Arizona College of Medicine, Tucson, Ariz.)

scan paths than novices (Fig 4a, 4b). Typically,
people are not aware of the details of their eye
movements, and in most cases the scan paths of
radiologists, while learned, are probably not ex-
plicitly trained. Nevertheless, they spend less time
looking at empty locations and initially fixate the
lesions much more quickly than their less-experi-
enced peers (16,18). Relative to experts, novices
tend to show more fixations and saccades and
more coverage of the total image and to arrive at
the abnormality later (16,49,50).

What makes the scan paths of expert radiolo-
gists more efficient? Presumably, experts are
more familiar with the class of medical images
they are examining. This familiarity allows the
eye movements of expert radiologists to be drawn
to the sites of lesions, with less time spent on ir-
relevant sites. A similar pattern of efficient eye

movements can be observed when humans search
real scenes for a prespecified target (51-54). Told
to search for a toaster, a person would not bother
to search the bathroom and would be unlikely to
search on the floor of the kitchen. Similarly, dur-
ing a search for chest nodules, an expert radiolo-
gist will learn to search areas where the target is
mostly likely to occur.

We can see how the role of scene structure
emerges on a very short time scale by using a
method known as the flash-preview moving-win-
dow paradigm (54,55). In this paradigm, a scene
is briefly presented to observers. This provides
the observer with the gestalt of the scene. Once
the scene is gone, observers are told what to
search for: a lamp, for instance. Finally, they are
allowed to search the space where the scene was
presented using a gaze-contingent window, which
reveals only a small region around the current
point of fixation while leaving the remainder of
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Figure 5. Experimental procedure (a) and results (b) of the study of V6 and Henderson (54). A 50-
msec preview of a scene was found to significantly decrease the time needed to find the target item in
subsequent viewing of the same scene by using a gaze-contingent window. RT in b = response time.

the scene obscured. The experience is like shin-
ing a flashlight around a darkened room (Fig 5).
In this experiment, the spotlight of the observer’s
fixation is guided by the gestalt encoded during
the brief flash.

By comparing performance in the presence
and absence of a brief initial presentation of the
entire scene, VO and Henderson (54) concluded
that an initial presentation of just 50 msec was
enough to establish a global scene representa-
tion that made the search more efficient. In that
experiment, the target was never present in the
initial preview of the scene. Thus, guidance was
not based on a lucky discovery of the target loca-
tion in the preview, nor was it based on feature
guidance (eg, noticing where the red thing was
located). This was scene guidance, in which a
rapid understanding of some aspects of the scene
shaped the deployment of attention and the
eyes. Because we are all expert scene processors,
trained by our many years of getting around in
the world, the first glance at a scene is enough to
guide the subsequent search to logical locations
(eg, walls to find a picture).

In the medical perception literature, Kundel
and colleagues (56) used a similar gaze-contin-
gent window to assess the importance of central
and peripheral vision in search through a chest
radiograph. Unlike the previously discussed
studies in scene processing, the observers in this
study were never given a preview of the entire
image. Rather, the size of the gaze-contingent
window was systematically varied across trials.
Nodule detection rates decreased below full-field
performance only when the window was less than
5° of visual angle in diameter. As these observers
were never given a chance to process the medical

scene in a nonselective fashion, it would be inter-
esting to see whether preview of the entire image
before the search would improve performance in
the presence of a small gaze-contingent window.

In the model of medical image perception of
Kundel et al (23), expert radiologists are able
to very quickly detect perturbations, or devi-
ance from perceptual expectation, in the holistic
perception of a medical image. This may be why
the eye movements of experts searching through
medical images tend to be much more refined
than those of their less-experienced counterparts
(49) (Fig 4). Scrambling scenes destroys our abil-
ity to use our experience with scene structure,
making perturbations more difficult to detect and
ultimately resulting in less-efficient search. In that
case, as in the unstructured search of Figure 2a,
scene guidance is not possible, and the scan paths
look similar to those of a radiologist in training
(Fig 4a) (57).

One might wonder whether expert radiolo-
gists are naturally better at searching for all
manner of targets than are nonradiologists.

This possibility was convincingly refuted in a
study in which radiologists and nonradiologists
were asked to perform a number of nonmedical
search tasks, including finding “where’s Waldo.”
The authors found no difference in performance
(58). More recently, Evans et al (59) asked
mammographers and naive observers to memo-
rize sets of scenes and medical images. While the
mammographers were much better at recalling
mammograms, radiologists and naive observers
had equivalent memory performance when re-
calling scenes.
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Thus, it appears that expertise in medical im-
age perception is domain specific and dependent
on the extensive training that radiologists receive
in that domain. As described earlier, a wide gulf
separates expert radiologists from trainees in
terms of both diagnostic accuracy and speed. Per-
haps, with a better understanding of the special-
ized processing that separates expert radiologists
from trainees, we can teach trainees to perform
more like experts.

Training for Expertise

in Nonselective Search
More than 40 years of research has shown that
the first glance at a medical image can convey a
great deal of information to an expert and that
one of the most dramatic differences between
experts and trainees may be the amount of in-
formation extracted during the first moments
of perception. While this evidence has been ac-
cumulating, radiology has been changing as a
field. The chest radiographs used in the landmark
studies in the 1970s are rapidly being replaced by
chest CT acquisitions composed of hundreds of
sections that can be reformatted in any number
of ways. Similar changes have occurred in other
subspecialties. In almost every corner of radiol-
ogy, radiologists are being asked to process an
ever-increasing number of images in the same
amount of time (60). It is now more important
than ever to understand how to transform a nov-
ice into an expert who can process this flood of
images efficiently and effectively.

Although a number of longitudinal studies
have started to quantify the evolution of search
as radiologists acquire more experience, it is
not yet clear what determines how much train-
ing is necessary for a trainee to approach expert
performance (37,61). Clearly, extensive practice
in reading medical images is important, but are
some types of practice more effective than oth-
ers? There is an extensive literature on perceptual
learning, in which a naive observer learns to im-
prove performance on a specific task through ex-
tensive training (62), although this training is still
very brief by the standards of medical education.

A more limited body of research has used
medical images. For example, Sowden et al
(63) showed that less than 1000 trials of prac-
tice improved both sensitivity to contrast in
radiographs and microcalcification detection in
mammograms for naive observers. An important
feature of these studies is that they included in-
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stant, reliable feedback after each trial and the
presentation of many trials in a short time. In
fact, in some cases, perceptual learning does not
occur without feedback (64).

Using the model of Kundel et al (23), we can
speculate that there may be an explicit role for
nonselective processing in the training of radiolo-
gists. For example, suppose that trainees in mam-
mography were given practice, with feedback, in
performing normal versus abnormal categoriza-
tion of images. Would that increase the speed
or effectiveness of the more-standard training
required to become an expert in mammography?
Many testable hypotheses of this sort lie at the
intersection of radiology and the science of rapid
scene perception.

Conclusions

Expert radiologists often speak of knowing or
feeling that a case contained an abnormality be-
fore being able to find it. Skeptics may hear such
statements and assume that this is due to the
availability heuristic, in which memory of correct
hunches is better than that of incorrect hunches
(65). However, a great deal of information about
a scene is available in the proverbial blink of an
eye. Humans can identify the category of a scene
after viewing a picture for a fraction of a second.

Trained radiologists can perform analogous
tasks with medical images. Converging evidence
suggests that in both cases this ability is due to
extensive experience with specific types of scenes.
Experience seems to enhance the ability of the
observer to use nonselective processing to quickly
extract valuable information from scenes, even if
the scene in question is a complex medical image.

It is important to note that the search for le-
sions is only one step in the process of successful-
ly interpreting a medical image. Once an anomaly
has been detected, there is still much work to
do in terms of identification, diagnosis, and ulti-
mately the final recommendation for the patient.
While all of these steps must be performed cor-
rectly for the correct diagnosis to be made, the
sequential nature of this decision process ensures
that, if an error is made in the search process, it is
unlikely that the correct diagnosis will be made.

In our view, to become an expert radiolo-
gist, one has to attain a level of expertise in both
explicit medical knowledge and more implicit
perceptual knowledge. This article focused on
the role of fast, nonselective processing in con-
tributing to perceptual knowledge. At present,
little is known about how educators might foster
the development of expert perceptual knowl-
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edge in the medical domain. However, given the

evidence that nonselective processing plays an
important role in diagnostic radiology, we hope
that educators will find ways to encourage the

development of nonselective perceptual expertise
in radiologists.
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