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Looking in the Same Manner but Seeing it Differently: Bottom-up and Expertise
Effects in Radiology

ELLEN M. KOK1*, ANIQUE B. H. DE BRUIN1, SIMON G. F. ROBBEN2 and
JEROEN J. G. VAN MERRIËNBOER1

1School of Health Professions Education, Department of Educational Research and Development, Maastricht University, Maastricht,
The Netherlands
2Department of Radiology, Maastricht University Medical Center, Maastricht, The Netherlands

Summary: Models of expertise differences in radiology often do not take into account visual differences between diseases. This study
investigates the bottom-up effects of three types of images on viewing patterns of students, residents and radiologists: focal diseases
(localized abnormality), diffuse diseases (distributed abnormality) and images showing no abnormalities (normal). Participants
inspected conventional chest radiographs while their eye movements were recorded. Regardless of expertise, in focal diseases, parti-
cipants fixated relatively long at specific locations, whereas in diffuse diseases, fixations were more dispersed and shorter. Moreover,
for students, dispersion of fixations was higher on diffuse compared with normal images, whereas for residents and radiologists,
dispersion was highest on normal images. Despite this difference, students showed relatively high performance on normal images
but low performance on focal and diffuse images. Viewing patterns were strongly influenced by bottom-up stimulus effects. Although
viewing behavior of students was similar to that of radiologists, they lack knowledge that helps them diagnose the disease correctly.
Copyright © 2012 John Wiley & Sons, Ltd.

INTRODUCTION

As in many other domains of visual expertise, such as mete-
orology (Canham & Hegarty, 2010), biological classification
(Jarodzka, Scheiter, Gerjets, & Van Gog, 2010) and aviation
(Remington, Johnston, Ruthruff, Gold, & Romera, 2000),
diagnosing medical images requires an intricate interplay
between cognitive and perceptual processes (Krupinski,
2010). Experienced radiologists have extensive knowledge
of clinically normal exemplars as well as abnormal features
that signal pathology (Norman, Coblentz, Brooks, &
Babcook, 1992). This enables a radiologist to decide on,
for example, the identity of a white area on a chest radio-
graph: Is this a tumor, pneumonia, or is it just an artifact of
the way the image is produced? In order to gather all this
information on which a diagnostic decision can be based,
visual search has to take place.

Viewing behavior of experts and novices in radiology has
been extensively studied (for a recent review, see Nodine &
Mello-Thoms, 2010). A lot of research is devoted to the effect
of image features on viewing behavior. For example, effects on
viewing have been investigated for lesion conspicuity
(Krupinski, 2005; Leong, Nicolaou, Emery, Darzi, & Yang,
2007; Manning, Ethell, & Donovan, 2004; Mello-Thoms,
et al., 2005), nodule size (Krupinski, Berger, Dallas, &
Roehrig, 2003), image quality (Krupinski & Roehrig, 2010)
and local anatomical variation (Samei, Flynn, Peterson, &
Eyler, 2003). However, most expertise research in radiology
does not take into account visual variations within a stimu-
lus-type and is conducted within the context of one specific
type of disease, such as chest nodules (Manning, Ethell,
Donovan, & Crawford, 2006) or tumors in mammograms
(Kundel, Nodine, Conant, & Weinstein, 2007). Yet, within

one imaging modality, several types of diseases can be present,
which could strongly influence viewing behavior in a bottom-
up fashion (Kok, De Bruin, Robben, & Van Merriënboer, in
press). The current study adds to the expertise literature in radiol-
ogy (and possibly other domains of visual expertise) by investi-
gating how those bottom-up effects of type of disease influence
eye-movement patterns in novices, intermediates and experts.
Viewing behavior can be investigated using eye tracking.

The most important eyemovements are fixations and saccades.
During a fixation, the eye remains still and takes in informa-
tion. Saccades are jumps between fixations, during which no
information intake occurs (Rayner, 1998). It is known that
eye movements, which reflect deployment of attention, can
be influenced by bottom-up effects and top-down effects.
When stimulus characteristics influence eye movements, this
is called bottom-up processing (Itti & Koch, 2001); when cog-
nitive relevance strongly guides visual search, this is called
top-down processing (Yarbus, 1967).
Top-down effects on viewing can arise from expectations,

the specific task at hand, and also from expertise. The charac-
teristics of expertise have been extensively studied (Ericsson,
Charness, Feltovich, & Hoffman, 2006). This line of research
started with the early work of De Groot, who investigated
expertise in chess (de Groot, 1946). Links were made between
expertise in chess (Chase & Simon, 1973) and the medical
field; and shortly after, the nature of medical expertise also
became the focus of expertise research (Groen & Patel,
1988; Lesgold et al., 1988; Norman et al., 1992; Schmidt,
Norman, & Boshuizen, 1990). Experts possess complex
cognitive structures in which knowledge is stored and or-
ganized (van Merriënboer & Sweller, 2005). In the context
of medical expertise, clinical and diagnostic information is
often structured in illness scripts (Schmidt & Boshuizen,
1993). Illness scripts hold extensive information related
to a disease or a class of diseases, such as signs and symp-
toms, consequences and context under which the illness
develops. Development of illness scripts is believed to
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occur through the process of chunking, which takes place
through repeated exposure to the same symptoms with a
specific diagnosis. This eventually leads to direct activation
of the diagnosis when a patient exhibits those symptoms
(Ericsson & Kintsch, 1995). Although working memory is
severely limited in the amount of information elements that it
can hold andmanipulate, scripts can be held inworkingmemory
as one element. This allows experts to circumvent working
memory constraints that novices experience when trying to hold
a lot of information in mind (van Gog, Ericsson, Rikers, & Paas,
2005). Not only does the availability of illness scripts lower the
cognitive load imposed by the visual diagnostic task, it |
also influences visual search in a top-down manner: experts’
knowledge influences their viewing behavior.
Gegenfurtner, Lehtinen and Saljö (2011) reviewed three

more specific theories of visual expertise in terms of eye-
movements: The holistic model of image perception
(Kundel et al., 2007), the theory of long-term working mem-
ory (Ericsson & Kintsch, 1995) and the information reduc-
tion theory (Haider & Frensch, 1999). Kundel and Nodine
(1983) were among the first to investigate the perceptual
aspects of visual expertise in radiology. Their holistic model
of image perception describes how the expert’s extensive
knowledge base informs his/her viewing behavior. Upon
seeing a medical image, experts gather an initial impression
of the image (Kundel et al., 2007) and detect which areas
are perturbed (some radiologists report that an abnormal area
seems to leap out of an image); those areas are scrutinized
for features of pathology. The main advantage that experts
have over novices is that their initial impression is more
informative. This leads to fixation of perturbations within the
first 2 seconds of viewing and to longer saccades (Gegenfurtner
et al., 2011).
Ericsson and Kintsch (1995) pose that expertise leads to a

change in memory structures, leading to ‘long-term working
memory’. Information related to the field of expertise is stored
in a structured manner, and is easily available for retrieval. This
allows experts to encode and retrieve task-relevant information
more quickly compared with novices, resulting in shorter fixa-
tion durations. The information-reduction hypothesis (Haider
& Frensch, 1999) poses that experts performing a task ignore
task-irrelevant information at perceptual level. That is, when
approaching a visual task, such as diagnosing a chest radio-
graph, an expert has the ability to distinguish task-relevant
information (e.g. the abnormality) from task-irrelevant informa-
tion (e.g. the healthy lung tissue) and redundant information
(e.g. the liver is usually redundant in chest radiographs), and
to limit visual processing to relevant information only. Eye-
movements reflect this selective processing: Experts are pre-
dicted to have more fixations on task-relevant information,
and these fixations are of longer duration. On task irrelevant
and redundant information, they show less fixations, and these
are of shorter duration. Thus, experts take in mainly relevant
information and less irrelevant information. This lowers the
amount of information that is to be processed in working
memory, thus lowering the cognitive load for experts. Novices
are not yet able to distinguish task-relevant from task-irrelevant
information, their working memory is further taxed by irrele-
vant and redundant information that they also take in, leading
to higher cognitive load. For example, a lot of novices pay

attention to the air bubble that is present in the stomach of many
healthy patients. This taxes their working memory, leaving less
space to process disease-relevant information in working
memory. The information-reduction hypothesis thus predicts
that experts fixate relatively more and longer on relevant
information and fixate relatively little and for a shorter time
on irrelevant information.

Measuring expertise-effects on eye-movements

The three theories of visual expertise mentioned earlier each
predict eye-movement differences between experts, inter-
mediates and novices. However, measuring the time to first
fixating relevant information (predicted by the holistic model
of image perception) and the proportion of time on relevant
information (predicted by the information-reduction hypoth-
esis) requires that this information is localized. Part of the
information that is present has to be irrelevant or redundant,
otherwise the measures do not make sense. But this is not
always the case. Relevant information can also be present
on a more global level (Kok et al., in press; O’Neill et al.,
2011; Vogt & Magnussen, 2007). When focusing on chest
radiographs (X-ray images), a distinction can be made between
focal diseases and diffuse diseases (Kok et al., in press), see
Figure 1 for examples. Focal diseases consist of an abnormality
at a specific location, such as a tumor. The rest of the lung is
relatively unaffected. For example, the focal disease in
Figure 1 shows a large, round abnormality in the middle of
the right lung (left side of the image). The rest of the lung
appears normal. In contrast to focal diseases, diffuse
diseases involve the whole lung. Figure 1 shows an example
of a diffuse disease, in which both lungs appear spotted and
slightly whiter than normal. Images without abnormalities
are usually referred to as ‘normal images’. In radiological
reports, focal diseases are typically described as objects
(e.g. a space-occupying process), so location, size, form,
and so forth are noted. In contrast, diffuse diseases are
described as pattern, for instance, a reticular pattern (innu-
merable lines that together resemble a net) or a honeycombing
pattern (a pattern of small rings, resembling a honeycomb)
(Hansell et al., 2008).

These stimulus-level differences between diseases influence
eye movements in a bottom-up fashion. The information that is
necessary for the diagnosis is differently distributed over the
image in the two types of diseases, which might lead to
differences in viewing behavior between the two types of dis-
eases and the normal images. Furthermore, the eye-movement
measures of expertise that are described earlier are not all
applicable to globally present information. Although the aver-
age fixation duration and saccadic amplitude could be investi-
gated for diffuse diseases, it does not make sense to measure
time to the first fixation of a diffuse disease, or the relative time
on relevant information for a diffuse disease, as this disease is
globally present. A different measure is necessary to investi-
gate expertise effects for globally present relevant information.
A similar issue was experienced by Vogt and Magnussen
(2007), who investigated eye movement patterns of artists
and laypeople on different types of images. They calculated a
global/local ratio based on the distance between fixations. A
higher ratio indicates a global, dispersed viewing pattern
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whereas a lower ratio indicates that fixations cluster locally, in
specific (informative) regions (Zangemeister, Sherman, &
Stark, 1995). This study showed that in the field of art, both
bottom-up effects of the type of image (abstract patterns vs
realistic objects) and expertise influence eye movement
patterns. Both artists and laypeople showed a more global,
dispersed viewing pattern when looking at abstract pictures
and a more local viewing pattern when looking at realistic
pictures. Strikingly, artists generally looked in a more global
way, fixating less on informative objects and more on areas
holding no objects (e.g. water surface) compared with
laypeople (Vogt & Magnussen, 2007).

This difference between more global and more local view-
ing patterns was also reported (although not quantified) by
O’Neill and colleagues (2011), who investigated viewing
patterns of subspecialists and trainees in ophthalmology.
Inspection of gaze data showed that glaucoma subspecialists
‘adapted’ their viewing behavior more to the type of glauco-
matous damage (focal loss or diffuse loss), whereas residents
did not show adaptation: They showed more focal viewing
behavior for both types of diseases. The ‘adaptation’ of view-
ing behavior to image type can be considered a sign of selec-
tive information processing, which is in line with Haider and
Frensch’s information reduction theory. Adaptation of viewing
behavior to the type of image reflects selective processing: A
distinction is made between relevant and irrelevant informa-
tion and mainly relevant information is taken in. Selective
processing lowers the amount of information that is to be pro-
cessed in working memory, thereby lowering cognitive load.

We systematically explored the bottom-up effects of type of
image on eye-movement patterns of radiologists, residents and
students who diagnosed conventional chest radiographs (X-ray

images), on the basis of expertise theories of Kundel et al.
(2007), Ericsson and Kintsch (1995) and Haider and Frensch
(1999). Kundel’s model predicts larger average saccade length
for experts compared with students and residents. Ericsson and
Kintsch’s theory predicts shorter average fixation durations
with increased expertise. Additionally, lower average fixation
durations are expected on normal images in comparison with
images showing a disease (Manning et al., 2006). Furthermore,
we suggest that Haider and Frensch’s theory predicts that
experts adapt their viewing behavior better to the type of
diseases: We expect a low global/local ratio for focal diseases,
a higher ratio for diffuses diseases and an even higher ratio for
normal images. These differences are expected to be strongest
for radiologists and weakest for students.

METHODS

Participants

Novices were 11 sixth year medical students (4 male, 7
female), mean age 25.2 years (SD=1.1). Intermediates were 10
residents (4 male, 6 female), mean age 30.4 years (SD=3.5).
Experts were nine radiologists, (7 male, 2 female), mean age
44.7 years (SD=9.1).
Residents reported working for 45.4 hours per week on

average (SD=6.2). Radiologists reported working for
48.4 hours per week on average (SD=15.5). Residents were
asked to indicate for how many months they had worked as a
resident. The average was 28months (SD=22.4months). For
radiologists, the average length of their career after board
licensing was 15.6 years (SD=8.2 years), the minimum was
6 years and the maximum was 27 years. Students’ experience

Focal disease Normal image

Diffuse disease

Figure 1. Example of images showing a focal disease, a diffuse disease and a normal image. Images are edited to enhance apprehensibility
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with thorax radiographs was estimated in hours. The median
experience was 6 hours.

Design

The design was a 3� 3 mixed factorial design, with expertise
(student, resident and radiologist) as a between-subjects
variable and type of image (focal, diffuse and normal) as a
within-subjects variable. Dependent variables were percentage
correct diagnoses, trial duration, average fixation duration,
average saccadic amplitude and global/local ratio.

Apparatus and materials

The study was conducted using a remote high-speed eye-
tracker with a 500Hz sampling rate (Eyelink 1000).
Participants’ head movements were restricted only by using a
forehead rest, which allowed participants to speak. Images
were presented on a 19-inch LCD screen with a resolution of
1024� 768 pixels. Participants’ utterances were recorded
using a digital recorder.
Materials were 24 conventional PA (Posterior-Anterior)

chest radiographs (X-rays). Sixteen images showed a disease,
eight of which were focal diseases and eight were diffuse
diseases. Focal images contained one or more abnormalities
at a specific location, while the rest of the lung was not
affected. In diffuse images, all lobes of both lungs were
affected. Normal images showed no abnormalities. All disease
images and two of the normal images were chosen to be
slightly challenging even for radiologists to ensure sufficient
time for inspection of the images.

Procedure

Before the start of the experiment, participants were asked to
sign an informed consent form and report on their experience
in radiology based on a small questionnaire. Participants were
assured that participation was anonymous, and that data were
used only for the purpose of this research. It was explained that
they were about to inspect chest radiographs, and it was
stressed that they should act as they would do in normal
practice. Eye dominance was assessed using the Miles test
(Miles, 1930). Images were presented in two blocks of 12
images. Calibration of the eye-tracker is required to estimate
the gaze direction of participants. A 9-point calibration proce-
dure (Holmqvist et al., 2011) was conducted before each block
of 12 images. The participants were instructed to carefully look
at nine circles appearing one by one on the screen. After that,
they proceeded to the actual task. They were asked to orally
provide only themost likely diagnosis for all images. To continue
to the next image, they had to hit a button. They were asked to
work as quick and as accurate as possible. Before both blocks,
one image with an obvious abnormality (large pneumothorax)
was shown for practice, and participants received feedback before
continuing to the first trial. Participants viewed each image in its
entirety; zooming was not possible.

Analyses

The global/local ratio was computed by dividing the number
of long saccades (>1.6� of visual angle) by the number of
short saccades (<1.6� of visual angle) (Zangemeister et al.,

1995). Because this ratio was skewed, a lognormal transfor-
mation was performed. The skewness improved from 6.9 to
0.6. Multilevel analysis was conducted for all dependent
variables, random intercepts were allowed on the participant
level and on the item level. For all analyses, the model with
random intercepts had a significantly better fit than models
that did not include random intercepts. The correct answer
for each image was decided by an expert radiologist, based
on the given image as well as other information available
to this radiologist (diagnosis, CT-scans, lateral chest radio-
graphs and follow-up). Furthermore, it was decided which
other valid conclusions might be drawn based on each image.
All data were scored by two independent scorers. Answers for
one of the focal images were excluded from analysis because
no consensus on correct or incorrect answers could be
reached. For all other images, 94.5% were assigned the same
score by the two scorers. Other scores were discussed until
consensus was reached.

RESULTS

Diagnostic ability

For proportion correct diagnoses, a model that included
random intercepts on participant level and item level, fixed
effects for image and expertise, and also an interaction
between image and expertise (Model 2) had a significantly
better fit with the data than a model that only included
random intercepts for participant and item (Model 1), w2
(8) = 50.117, p< .001. For total trial duration, a model that
included fixed effects for image and expertise level as well
as random intercepts for participant and item (Model 2) gave
a significantly better fit than a model that only included
random intercepts for participant and trial (Model 1), w2
(4) = 12.97, p = .011. A model that also included a fixed
interaction effect between image and expertise level (Model
3) did not lead to a better fit compared with Model 2, w2
(4) = 1.97, p = .74, so Model 2 was used.

The results of the multilevel analyses for percentage correct
and total trial duration are presented in Table 1. The intercept
of .397 refers to the average proportion correct for radiologists
on the focal items. The score for diffuse images is on average
.048 higher, a non-significant difference. Thus, focal and dif-
fuse images seemed equally difficult to diagnose, and any dif-
ferences in eye movements between those two image types are
not the result of differences in difficulty. Unavoidably, normal
images were easier than disease images, and the proportion
correct for normal images was significantly higher (b= .332)
than the proportion correct for focal diseases. Furthermore,
trial duration for normal images was shorter (b=�8206ms)
than the average trial duration of focal images (b=29396ms),
although this difference was only marginally significant. A
significant difference between students and radiologists was
found for the proportion correct and trial duration; students’
proportion correct diagnosis was on average .306 lower, and
their trial duration was on average 18418ms longer. No signif-
icant differences between radiologists and residents were
found for those two variables. A significant interaction was
found, indicating that students scored relatively high on the
normal items (b= .173).
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Average fixation duration

For average fixation duration, a better fit was found for a model
that included random intercepts for participants and trials as
well as fixed effects for image and expertise and an interaction,
compared with a model that only included random intercepts,
w2(8) = 31.34, p< .001. Table 2 shows the results of this
multilevel analysis. The intercept of 294.0ms refers to the
average fixation duration of an expert on focal items. The aver-
age fixation duration for normal items was on average 28.3
shorter, the average fixation duration for diffuse items was on
average 15.4ms shorter in comparison with focal items, both
differences were significant. Expertise effects were not signif-
icant, students’ average fixation duration was on average only
1.3ms longer, and residents’ average fixation duration was on
average 17.4ms longer. One interaction effect was found, indi-
cating that students have relatively higher average fixation
duration for normal images, (b=18.2ms).

Saccadic amplitude

Model 1 included random intercepts on participant level and
on item level. Model 2 additionally included fixed effects for
type of image and for expertise and an interaction between
those two. Model 2 had a significantly better fit to the data,

w2(8) = 46.52, p< .001. Table 2 shows the results of this
multilevel analysis. No significant effects of expertisewere found,
but significant effects of imagewere present. The intercept of 3.77
refers to the average saccadic amplitude for experts on focal
images. Average fixation durations were on average 0.66� longer
on normal images and 0.53� longer on diffuse diseases. Further-
more, a significant interaction was found indicating that students’
saccadic amplitude was on average 0.44� shorter compared with
radiologists on the normal images.

Global/local ratio

Model 1 included random intercepts on participant level and
item level, Model 2 also included fixed effects of type of image
and expertise and an interaction between type of image and
expertise. Model 2 had a significantly better fit to the data
compared with Model 1, w2(8) = 27.27, p< .001. Table 3
shows results of the multilevel analysis of the global/local ratio.
The intercept of 1.14 refers to the average log-normalized
global/local ratio of radiologists for focal images. A significant
difference in the global–local ratio was found for normal
compared with focal diseases (b=0.45), the global/local ratio
was highest for normal images. The global/local ratio was
marginally significantly higher for diffuse compared with focal

Table 1. Results of multilevel analysis: Proportion correct and trial duration by type of image and expertise level

Proportion correct Trial duration (ms)

Parameter b SE df t b SE df t

Intercept .397*** .100 32.9 3.97 29396*** 5347 48.9 5.50
Image = normal .332** .132 31.9 2.51 �8206* 4156 23.5 1.98
Image = diffuse .048 .140 31.9 0.34 177 4429 23.6 0.04
Expertise level = student �.306*** .065 194.9 4.71 18418*** 5992 29.9 3.07
Expertise level = resident �.068 .066 194.9 1.03 9750 6126 29.9 1.59
Interaction: normal * student .173** .083 637.8 2.09
Interaction: normal * resident .073 .085 637.8 0.86
Interaction: diffuse * student �.061 .088 637.8 0.69
Interaction: diffuse * resident �.048 .090 637.8 0.53

b, regression coefficient; SE, standard error of b; t, student t statistic of the test against b= 0. All tests are conducted against the reference group: focal images,
experts.
*p< .1,
**p< .05,
***p< .005

Table 2. Results of multilevel analysis: Average fixation duration and average saccadic amplitude by type of image and expertise level

Average fixation duration (ms) Average saccadic amplitude (degrees)

Parameter b SE df t b SE df t

Intercept 294.0*** 11.2 38.7 26.3 3.77*** 0.23 53.8 16.3
Image = normal �28.3*** 5.9 39.5 4.8 0.66*** 0.20 30.3 3.3
Image = diffuse �15.4** 6.3 39.7 2.5 0.53** 0.21 30.4 2.5
Expertise level = student 1.3 14.3 32.3 0.1 0.13 0.26 34.1 0.5
Expertise level = resident 17.4 14.7 32.3 1.2 0.20 0.26 34.2 0.8
Interaction: normal * student 18.2** 4.6 659.0 4.0 �0.44*** 0.11 651.0 4.0
Interaction: normal * resident 6.6 4.7 659.1 1.4 0.14 0.11 651.0 1.3
Interaction: diffuse * student 6.5 4.9 659.1 1.3 �0.05 0.12 651.0 0.4
Interaction: diffuse * resident 5.6 5.0 659.1 1.1 0.11 0.12 651.0 0.9

b, regression coefficient: SE, standard error of b; t, student t statistic of the test against b= 0. All tests are conducted against the reference group: Focal images,
experts.
**p< .05,
***p< .005
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diseases (b=0.25). No significant effects of expertise were
found. An interaction was found, which indicated that for nor-
mal images, the students had a significantly lower G/L ratio
compared with radiologists (b=�0.32) see Figure 2.
An example of a typical focal pattern (low G/L ratio) and a

typical diffuse pattern (high G/L ratio) can be found in Figure 3:
The focal pattern means that in one location, many fixations are
close to each other. In the typical diffuse pattern, there is not
one location in which clustering of fixation takes place. The
fixations are further apart. Figure 4 illustrates viewing patterns
of students, residents and radiologists for the three types of
images. It can be seen that for the focal image, one location
(the location of the abnormality) specifically attracts attention.
This is not the case for diffuse and normal images. Here, atten-
tion is more globally distributed over the image.

DISCUSSION

We investigated bottom-up effects of type of image on viewing
patterns of students, residents and radiologists. Type of image
played an important role in the way they looked at radiological

images. Regardless of expertise, participants looked relatively
long at specific locations in focal images, whereas in diffuse
images, a more dispersed pattern was found, with lower aver-
age fixation durations. Saccadic amplitudes were highest for
normal images, slightly lower for diffuse images and lowest
for focal images. Students showed different viewing behavior
for normal images: Their average fixation durations were
higher than those of residents and radiologists, whereas their
saccadic amplitudes and global/local ratio were lower. In con-
clusion, differences in viewing patterns between experts and
novices are relatively small on disease images but larger on
normal images. In contrast, students’ diagnostic accuracy on
normal images is relatively high, whereas for disease images
their accuracy is very low.

Predictions about expertise differences on the different mea-
sures were made based on the holistic model of image percep-
tion (Kundel et al., 2007), the theory of long-term working
memory (Ericsson & Kintsch, 1995) and information reduc-
tion theory (Haider & Frensch, 1999). The holistic model of
image perception predicts that with higher expertise, longer
average saccade lengths would be found. The theory of long-
term working memory predicts shorter average fixation dura-
tions with increased expertise. Both expertise effects were
not found, neither for the diffuse nor for the focal diseases.
Rather, strong effects of type of image were found, comparable
with the ones we expected for the global/local ratio. Not only
did radiologists adapt their viewing patterns but also residents
and even students changed their viewing patterns according to
the different types of diseases.

Haider and Frensch’s information reduction theory predicts
more selective information processing with increased exper-
tise: Experts have a better ability to distinguish relevant from
irrelevant information, and they selectively take in mainly
relevant information. This leads to lower cognitive load for
experts compared with novices. The effects of the type of
image on the average fixation duration and saccade length as
well as the global/local ratio seem to indicate that selective pro-
cessing has taken place. In a focal disease, most information
can be gathered when one specific location is inspected in
depth (i.e. a low global/local ratio and longer average fixation
duration). For diffuse diseases, more information is gained
from examining together the elements that make up the pattern.
This requires a higher global/local ratio and shorter average
fixation durations. For normal images, even shorter average
fixation durations are required. It was shown before in research
with chest radiographs that average fixation duration on true
positives (correctly diagnosing a lung nodule) is longer than
average fixation duration on true negatives (correctly diagnos-
ing normality) (Manning et al., 2006).

In contrast to the predictions of Haider and Frensch’s theory,
we found that the viewing behavior of students was quite
similar to that of residents and radiologists. Students adapted
their viewing pattern to the type of image for focal and diffuse
diseases. But although students’ viewing behavior was similar
to that of residents and radiologists, they did not perform
nearly as well as the two other groups, consistent with the
results of Crowley, Naus, Stewart, & Friedman (2003) and
Mello-Thoms et al. (2012). Both report that perceptual aspects
of the task (i.e. detecting abnormalities) were developed before
participants were able to correctly interpret the abnormalities
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student resident radiologist
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Diffuse
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Figure 2. Normalized G/L ratio. Error bars reflect standard deviations

Table 3. Results of multilevel analysis: Log normalized global/
local ratio

Global/local ratio

Parameter b SE df t

Intercept 1.14*** 0.18 50.3 6.4
Image = normal 0.45*** 0.14 40.2 3.2
Image = diffuse 0.25* 0.15 40.3 1.7
Expertise level = student 0.03 0.22 36.1 0.2
Expertise level = resident 0.10 0.22 36.1 0.5
Interaction: normal * student �0.32** 0.11 651.1 2.9
Interaction: normal * resident 0.01 0.11 651.1 0.1
Interaction: diffuse * student 0.09 0.12 651.1 0.7
Interaction: diffuse * resident 0.10 0.12 651.1 0.9

b, regression coefficient, SE, standard error of b, t, student t statistic of the
test against b= 0. All tests are conducted against the reference group: focal
images, experts.
*p< .1,
**p< .05,
***p< .005
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and to integrate these in a correct diagnosis. Lesgold et al.
(1988) posed a similar developmental trajectory, in which per-
ceptual processing develops before cognitive processing. The
students in our sample showed differentiation in fixation dura-
tion, saccadic amplitude and global/local ratio between the two
types of disease, indicating perceptual development. However,
they were not yet able to interpret their findings into a diagno-
sis. Furthermore, students were able to decide for most of the
normal images that no abnormality was present. This suggests
that students’ selective processing is largely driven by bottom-
up, stimulus-level differences between the three types of

images rather than being based on knowledge. Selecting
mainly the relevant information did not yet allow students to
correctly interpret this information into a correct diagnosis, as
they did not yet possess the necessary knowledge for that.
In contrast to their relatively high performance on normal

images, expected eye movement differences between experts
and novices were found for the normal images: Students had
significantly higher average fixation duration and signifi-
cantly lower average saccadic amplitude compared with
radiologists. Their global/local ratio was also significantly
lower than the ratio of experts.

Figure 3. Eye tracking data of one participant showing a typical focal pattern (left) and typical diffuse pattern (right)

Students

(n=11)

Residents

(n=10)

Radiologists

(n=9)

Focal

Diffuse 

Normal 

Figure 4. Duration-based heat maps for a focal disease, a diffuse disease and normal image. Data are aggregated per group
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Some limitations are worth noting. The number of partici-
pants in this study was quite small, so that a replication with
a larger sample is desirable. Furthermore, the normal diag-
nostic process slightly differs from our experimental set-up.
Specifically, radiologists usually view a radiological image
in combination with a patient history including patient com-
plaints and specific questions, while in this study, we
required participants to give a diagnosis based on a chest
radiograph only. It is commonly found (Berbaum, Franken,
Caldwell, & Schartz, 2010) that patient history and clinical
information influence not only performance but also viewing
behavior. In this study, we were mainly interested in visual
processes. As these processes could be influenced by patient
history in a manner that is hard to control, we decided not to
provide participants with any information additional to the
radiographs, and to analyze how they diagnosed based on
these radiographs only. Finally, the current study did not test
a specific educational intervention, but compared character-
istics of 6th year students, residents and radiologists. Thus,
conclusions regarding the development of learning materials
or course design cannot be made based on the results. How-
ever, it seems that further research on educational interven-
tions could focus on teaching students not only interpretation
skills but also detection based on elaborate knowledge.
In this study, we investigated viewing patterns of different

expertise groups in terms of fixation durations and distribu-
tion of fixations. Our approach of using a global/local ratio
is a novel way of investigating top-down expertise differ-
ences in visual diagnostic reasoning, when analyzing areas
of interest (Holmqvist et al., 2011) is not possible. Its advan-
tage is that it also considers bottom-up effects of type of im-
age. This novel approach for investigating visual expertise
could also be relevant for other domains of visual expertise,
such as ophthalmology (O’Neill et al., 2011), art (see Vogt &
Magnussen, 2007; Zangemeister et al., 1995) or meteorology
(Hegarty, Canham, & Fabrikant, 2010).
Although for disease images, the viewing patterns of

students are reasonably similar to those of radiologists, their
diagnostic ability is much lower. Radiologists possess a large
body of knowledge that helps them correctly make diagnostic
decisions based on the information that they perceive (Wood,
1999). Although students might look in ways comparable with
those of radiologists and residents, they still lack this body of
knowledge that helps them to interpret the visual information
and give the correct diagnosis. Claudia Mello-Thoms et al.
(2008) stated that radiology-experts have ‘different search
patterns and similar decision outcomes’ (p. 212.). The opposite
seems true when experts and novices are compared: Similar
search patterns lead to different decision outcomes.
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