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The role of visual 
salience in directing 
eye movements 
in visual object 
agnosia
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Correspondence
 When we look at a scene our 
scanning eye movements are not 
random [1]. Remarkably, different 
observers look at similar points in 
a given image. One explanation 
is that our understanding of the 
scene controls the paths our eyes 
take — so called ‘top-down’ control. 
An alternative possibility is that 
the visual system uses low-level 
‘bottom-up’ features, such as edges, 
contrast or boundaries, to determine 
where the eyes land [2–4]. Fixated 
locations have been shown to 
contain higher values of ‘low-level’ 
visual features than non-fixated 
A B

Fixation number

1 2 3 4 5 6 7 8 9

0

10

20

30

40

50

60

70

80

90

Control subjects

SF

JJ

E

G

Fixation number

2 3 4 5 6 7 8 9

-10

0

10

20

30

40
Healthy volunteers
SF

JJ

H

Fixation number

2 3 4 5 6 7 8 9

I s

I s

-20

-10

0

10

20

30

40

50

60

70

80

90
Healthy volunteers

SF

JJ
Healthy volunteers across images 
SF vs JJ

D

C

Fixation number

1 2 3 4 5 6 7 8 9

P
er

ce
nt

ag
e 

of
 fi

xa
tio

n 
pa

irs
 w

he
re

 p
j<

 2
0

0

10

20

30

40

50

60

70

80

90

Control subjects

SF

JJ

F

Current Biology
ones [2,3,5]. Moreover, biologically-
plausible, low-level computational 
saliency maps produce scanpaths 
similar to those traced by human 
eye movements [4]. However, there 
is controversy about the role of 
bottom-up versus top-down control 
of eye movements [6,7]. To test 
between these possibilities, we 
measured the eye movements of 
two patients with visual agnosia who 
are severely impaired at recognizing 
objects or scenes, and therefore 
diverge from healthy volunteers in 
their understanding of the scene. 
Despite this, we found that, when 

Figure 1. Fixation patterns made by patients 
with visual agnosia.

(A) Eye movements made by SF whilst view-
ing image of ‘space shuttle’ for initial 1.5 sec-
onds (red dots denote fixation locations). 
Cyan circles show the locations of the six 
most common fixation positions for healthy 
volunteer subjects over initial 1.5 seconds of 
viewing. (B) Axial T1-weighted MRI scan of 
SF showing atrophy, more marked posteriorly 
 involving occipito-temporal regions. (C) Axial 
T2-weighted MRI scan of JJ showing evidence 
of previous posterior haemorrhages which led 
to degenerative changes in occipito-temporo-
parietal regions. (D) Variation in mean Is, de-
rived by comparing the eye movements of SF 
to each healthy observer, as a function of fixa-
tion number (grey square); same measurement 
for JJ (white triangle); mean Is for healthy vol-
unteers (filled circles); mean Is comparing pa-
tients JJ and SF (pinwheel circles); dashed lines 
denote 99% confidence interval for healthy vol-
unteers; mean interimage Is (small grey circle). 
(E) Variation in mean intraobserver Is for healthy 
volunteers as a function of number of fixations 
(filled circles); same measurement for SF (grey 
square), and JJ (white triangle). Dashed lines 
denote 99% confidence interval for healthy vol-
unteer subjects. (F) The percentage of intraob-
server fixation pairs that fell within 2° of each 
other for healthy volunteers (filled circles), SF 
(grey square) and JJ (white triangle). (G) Fixa-
tion locations predicted by the SaliencyTool-
box (http://www.saliencytoolbox.net) outlined 
in yellow [10]. Red lines connect the predicted 
locations. Scanpath generated by a healthy vol-
unteer is shown in green. (H) Variation in mean 
Is, derived by comparing the eye movements of 
each healthy observer to the predicted fixation 
locations as a function of fixation number (filled 
circle); same measurement comparing the eye 
movements of SF (grey square) and JJ (white 
triangle) with predicted locations. Dashed lines 
denote 99% confidence interval for healthy vol-
unteer subjects.
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inspecting a picture, their eyes look 
at the same locations as healthy 
individuals for the first few fixations. 
Initial eye movements, during a 
recognition task, therefore, are not 
affected by an impaired explicit 
understanding of the scene.

We previously quantified the 
similarity of fixations made by 
different observers to an image using 
a least-squares index, the index of 
similarity (Is), which compares the 
locations of two sets of fixations, 
but is independent of the order in 
which the fixations were produced 
[2]. Here we use a modified version 
of the index [6], where each 
fixation in the first set of fixations 
is assigned to a unique fixation in 
the second set. We presented eight 
healthy controls (mean age 57yrs) 
with 18 monochrome images for 
3 seconds each (Figure 1A). Over the 
initial four fixations, healthy controls 
showed an average interobserver 
Is of 40%, demonstrating a highly 
significant concordance between 
healthy subjects’ fixations (t(7) = 
5.57, p < 0.001). For comparison 
an Is of 0% implies that two sets of 
fixations are only as similar as eye 
movements made by an observer to 
different images (see Supplemental 
data available on-line with this issue 
for definition of Is). 

We studied two patients with 
visual agnosia. SF is a 52-year-
old female with posterior cortical 
atrophy [8], a disorder associated 
with progressive impairment of 
visual recognition and bilateral 
occipito-temporo-parietal 
dysfunction (Figure 1B). When 
shown line drawings or photographs, 
she exhibits severe visual form 
agnosia for both animate and 
inanimate objects. JJ is a 65-year-
old male who suffered recurrent 
posterior cortical haemorrhages 
(Figure 1C). Patients SF and JJ 
correctly recognised only 3/18 and 
4/18 images we presented in this 
experiment, while age-matched 
healthy individuals identified 
each image (see Supplemental 
data for recognition and detailed 
neuropsychological data). 

Over the first four fixations, the Is 
obtained by comparing the fixations 
made by SF and JJ to those of 
healthy subjects were 38% and 32%, 
respectively, values not significantly 
different from controls (t(17) < 2, p > 
0.05) (Figure 1D). However, during 
the second half of the presentation, 
the patients’ fixation patterns 
diverged significantly from those 
of healthy volunteers (t(17) > 5, p < 
0.005). The interobserver similarity 
between fixation locations for 
controls also declined with time, 
from fixation two to fixation nine 
(t(7) = 13, p < 0.001), presumably 
reflecting an increased role for 
cognitive control as analysis of the 
scene proceeds [2,3]. 

SF and JJ also made remarkably 
consistent fixation patterns on two 
consecutive presentations of the 
same image, yielding intraobserver 
similarities significantly higher than 
those of healthy volunteers (t(17) 
> 6, p < 0.001) after 3 seconds. 
Such high intraobserver similarity 
for these two individuals is also 
consistent with the notion that their 
eye movements are driven by image 
properties (which do not change on 
re-presentation), rather than top-
down control (Figure 1E,F). 

These results suggest that 
the initial fixations of healthy 
volunteers — indistinguishable from 
those of the two patients — may 
also be driven by bottom-up 
mechanisms. Subsequently, after the
first few fixations, both patients and 
healthy individuals may employ ‘top-
down’ processes to guide gaze [9].

Next, we compared the fixation 
locations chosen by observers 
to locations predicted by a 
well-established bottom-up 
saliency model [4,10]. This model 
combines biologically plausible 
generated maps of both intensity 
and orientation on eight spatial 
scales into a single saliency map 
to generate predictions about 
where an observer will fixate 
(Figure 1G). There was a modest, 
but significant, similarity between 
actual and predicted locations 
for healthy volunteers — highest 
for the initial saccade (Figure 1H; 
(t(7) = 10, p < 0.05). Initial fixation 
locations chosen by patients were 
not significantly different from those 
predicted for controls by this model 
(t(17) < 2, p > 0.05). However, they 
fell below the 99% percentile for 
healthy volunteers for the latter 
half of the presentation (t(17) > 5, 
p < 0.05), demonstrating again a 
divergence from normal controls 
after the first few saccades. 

The relative time course of 
bottom-up and top-down influences 
on directing eye movements 
is controversial [2,3,5–7]. Our 
findings suggest that when we 
inspect a scene we initially use 
low-level bottom-up features in 
the image to direct our eyes, but 
scene understanding and top-
down control takes a greater role 
as viewing proceeds. The results 
presented here suggest a role for 
both stimulus-driven and goal-driven 
mechanisms in visual recognition. 

Supplemental Data
Supplemental data are available at http://
www.current-biology.com/supplemental/
S0960-9822(09)00726-X.
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