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ABSTRACT
Rationale: Pneumoconiosis1, a lung disease caused by the inhalation of dust is mainly diagnosed using
chest radiographs. It has been shown12 that expertise and contralateral symmetry (CS) of the chest
radiographs plays a significant role in Pneumoconiosis diagnosis. Here, we present a gaze tracking study
aimed at understanding how the CS information and the expertise effect the eye movements of
observers.
Methods: Experimental subjects consisting of novices, medical students, residents and staff radiologists
were presented with 17 double and 16 single lung images, and were asked to give profusion ratings for
each lung zone. Eye movements and the time for their diagnosis were also recorded.
Results: Gaze tracking analysis showed that doctors [residents & staff] move eyes more quickly (MannWhitney test: U = 20, p = .01) and over more distances (U = 24, p = .022), when compared to that of
non-doctors [others]. Wilcoxon signed rank test (Z = 4.19, p < .001), revealed that the average time
taken for double lung images (Mdn = 30808ms) is less than double the time taken for single lung images
(Mdn = 38385ms). Fixation time for zones correlates well with an observer’s certainty in judgment of
the same as definitely normal or abnormal. Wilcoxon signed rank test (Z = 3.13, p = .001), showed the
less fixation time on the zones of high observer error. Left and right lung gaze transitions correlates well
with the observer error only in resident radiologists (r = -0.953, p = .047).
Conclusion: CS information plays a very important role12 in the case of residents & staff, while
diagnosing pneumoconiosis. The present study showed that, for residents, the eye scanning strategies
play an important role in using the CS information present in chest radiographs; however, in staff
radiologists, peripheral vision or higher level cognitive processes seems to play role in using the CS
information.
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RATIONALE
Expertise and contralateral symmetry (CS) in chest radiographs plays a very important role in the diagnosis of
pneumoconiosis2,3,4,6,12. It has been shown12 that CS information helps in diagnosing pneumoconiosis by reducing
the general tendency of giving less profusion ratings. Its role is more important in doctors [residents & staff
radiologists] than in non-doctors. Training and experience appear to play important roles in learning to use the CS
information present in the chest radiographs.
One of the aims of the present study is to investigate the effects of CS information on the eye movements of
observers, while diagnosing chest radiographs. Despite the existence of some observer studies7,8,9,10 on the
usefulness of contra-lateral subtraction technique, to our knowledge, there are no empirical studies on the effect of
CS information on eye movements of observers. Since CS information has a more role to play in the case of
residents and staff radiologists12, we are more interested in studying the effect of CS information on these two
groups of observers.
Another aim of the present study is to do a preliminary study of how the expertise affects the eye movement
patterns while diagnosing pneumoconiosis. Some observer studies13,14,15,16 showed the significant and important
role of expertise on the eye movements of observers while diagnosing chest radiographs. Almost all these studies
concentrated on localized lung diseases unlike pneumoconiosis, which is a diffused lung disease.

Figure 1: Sample double (left) and single (right) lung images used in the experiment

METHODS
Experimental Setup:
We used remote/head-free eye tracker (Model Eyelink 100011, SR research, Canada) to record the eye
movements of participants. The test image set consisted of 33 PA digital chest X-rays, of which 17 were normal,
full, double-lung images and 16 were single-lung images with only one lung. Figure 1 shows sample single- and
double-lung images used in our experiment.
Participant Details:
Experimental subjects varied from novices and undergraduate medical students to expert radiologists. The 23
participants who volunteered for the experiment belonged to 4 categories: staff radiologists (4), resident
radiologists (4), medical students (3/yr x 4 yrs = 12) and novices (3). We will, in the course of our discussion,
refer to the members of the first two categories put together as doctors and the last two as non-doctors.
Experimental Procedure:
The entire test set of 17 double and 16 single lung images were shown to each participant, in random order.
Each lung region was divided into 3 zones: upper, middle and lower and each participant was asked to report the
profusion level of each zone in writing. Prior to the experiment, all the subjects were given training in which the
concept of profusion level was explained using some sample chest X-rays. Information such as localization of
anomalies, their size and shape are not asked, as the profusion level categorization is of primary importance to
clinical settings. Since none of the participants had any expertise in pneumoconiosis, we used 4 levels of
profusion categorization rather than 12 levels used in ILO standards5: 0 (normal), 1, 2 and 3 (severe). Unlimited
time was given to view each image and report profusion ratings. Eye movement data, response times and
profusion ratings were recorded for each subject and for each image.

RESULTS
Analysis of eye movement properties:
Figure-2 shows the sample saccade maps (fixation points and transition paths). Mann-Whitney test revealed
that the average saccade velocity of doctors (Mdn = 142) is significantly higher (U = 20, p = .01) than that of nondoctors (Mdn = 123). It has also been showed, by Mann-Whitney test, that the average saccade amplitude is also
higher (U = 24, p = .022) for doctors (Mdn = 4.68) than that of non-doctors (Mdn = 3.98). Thus, doctors seem to
be moving eyes more quickly and over more distances, when compared to that of non-doctors.

Figure 2: Sample saccade maps showing the eye movements of a participant, recorded while he was viewing (left) a double lung image and (right) a
single lung image.

Time Analysis:
Figure-3 shows the average time for diagnosis, for different participant groups. Mann-Whitney test revealed
that doctors (Mdn = 16688) took less time (U = 21, p = .011) than non-doctors (Mdn = 33238) in the diagnosis of
double lung images. This is consistent with results of previous studies16,17 for other anomalies like cancer etc
where it was found that experienced viewers are quick and efficient when compared to non-experienced viewers.
When considering all the participants, Wilcoxon signed rank test revealed that, on an average, the time taken
for double lung images (Mdn = 30838) is less (Z = 4.19, p < .001) than double the time taken for single lung
images (Mdn = 19193). So, it seems that CS information does have effect on the time of diagnosis.

Figure 3: Chart showing the average time (in ms) for diagnosis for single and double lung images and for different expertise groups.

Zonal eye movement Analysis:
In all images (single and double lung images), Wilcoxon signed-rank test revealed that observers’ preference
order for zones appears to be middle, lower, upper: middle zones (Mdn = 0.21) (Z = 5.67, p < .001) than lower
zones (Mdn = 0.13), (Z = 3.37, p < .001) than upper zones (Mdn = 0.10). This might be attributed to the fact that
the middle zone has more parenchyma than other zones.
Mann-Whitney test showed that the average percentage fixation time in lung zones with medium observer
rating (profusion ratings of 1 and 2) is significantly higher than in the lung zones with extreme ratings (ratings of
0 and 3), in both single lung images (U = 636, p < .001) and in double lung images (U = 556, p < .001). This
shows that, whether the image is of single lung or double lung, the zones considered to be clearly normal by the
observer (observer rating of ‘0’) and clearly abnormal (3), are less viewed when compared to that of other zones.
Wilcoxon signed rank test revealed that zones with high observer error (absolute error = 3) is less (Z =3.38, p
< .001) viewed than zones with medium observer error (2) which are in turn viewed less that zones with low
observer errors of both 0 (Z = 2.68, p = .006) and 1 (Z = 2.80, p = .003). No significant relationships between the

fixation times are seen between the zones with observer errors of 0 and 1. Thus, in both single and double lung
images, zones where the observers made high error are viewed less when compared to that of other less error
zones.

Gaze Transitions vs. Performance:
‘Gaze transitions’ refer to the average number of saccades with their initial position in the left lung region and
their final position in the right lung region or vice versa. Only those saccades with difference of less than 50
pixels in y-coordinates of the initial and final fixations are considered. These gaze transitions gives an
approximate measure of comparisons made by the observer, between left and right lung regions, by the foveal
vision.
Analysis showed a strong correlation (Person’s Correlation coefficient, r = -0.953, p = .047) between gaze
transitions and the observer error, in the case of resident radiologists. No such correlation has been found in the
case of staff radiologists. This shows the importance of the role of contralateral symmetry in the case of resident
radiologists. Even though, CS seems to play an important role in the case of staff also, there is no significant
correlation between their gaze transitions and observer error.

CONCLUSION
Analysis of eye movements indicated that, in both single and double lung images, middle zones are most
viewed and; doctors move eyes more quickly and over large distances when compared with non-doctors. This is a
reasonable result to expect given the fact that doctors have considerably more training and experience, when
compared to non-doctors. Less fixation time in the zones which observers think as clearly normal and clearly
abnormal, and less fixation time in the zones of high observer error indicates that zones are needed to be looked
more carefully even when the observer thinks it as clearly normal or abnormal. In other words, for better
diagnostic results, all the zones should be looked carefully i.e. X-rays should not be speed-read.
It has been shown that CS information plays a more important role in the case of residents & staff 12, while
diagnosing pneumoconiosis. The present study showed that, for residents, the eye scanning strategies play an
important role in using the CS information present in chest radiographs; however, in staff radiologists, peripheral
vision or higher level cognitive processes seems to play role in using the CS information.
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