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Eye Movements: Building a Stable
World from Glance to Glance
Frequent exploratory eye-movements called saccades pose for the
visual system the problem of combining information from successive
fixations into an apparently seamless conscious experience. A new
study shows that information from successive fixations is combined,
not by fusing fixation ‘snapshots’, but by integrating more complex
visual attributes at a mid-high level of analysis.
David Burr1,2 and
Maria Concetta Morrone3
“[The eye] moveth it selfe with
such swiftness and nimbleness,
without stirring of the head, as is
almost incredible” [1]. Frequent
ballistic motions of the eyes called
saccades form the basis of active
vision, allowing us to explore and
sample efficiently a large region of
space with the fine-grained
resolution of the tiny central
retinal foveae. The challenge for
the visual system is to piece
together the samples from
successive fixations to construct
the stable representation of the
world that we all consciously
perceive.
Theories about trans-saccadic
integration have abounded over
the past decades. Early ideas (for
example, see [2]) assumed the
existence of a ‘trans-saccadic
memory buffer’ which
accumulates high-precision
information from each saccade
that is used to construct a
detailed representation of the
world (like pinning stamps on a
tailor’s dummy). These ideas fell
out of favour, largely because of
the implicit implication that the
visual system must construct
some form of stable Cartesian
theatre to be viewed by a
homunculus.
More recent theories have
swung to the opposite extreme,
assuming that perceptual
stability depends, paradoxically,
on a lack of internal
representation of the world [3].
Several researcher have
suggested that detailed visual
information can readily be
gleaned by making an eye
movement on demand, so no
visual memory is necessary [4]. In

practice, however, it is still
necessary for the brain to know
where to look for the information
that it needs, as eye movements
are not random and are rarely
wasted in natural tasks [5]. And
there is strong evidence that
information about a scene
representation is accumulated
across saccades [6,7]. But how?
As reported recently in Current
Biology [8], David Melcher has
examined what sorts of
attributes are integrated across
saccades, by clever exploitation
of visual after-effects. Aftereffects are easy to observe: stare
at a high-contrast picture for a
while, and its negative will
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appear when you look elsewhere
(see www.viperlib.com and
Figure 1 for many more
compelling examples). Aftereffects were thought to reflect
adaptation of peripheral neurons,
such as the photoreceptors to
produce negative after-images,
but more recently very intricate
after-images have been
described, even for images as
complex as human faces [9].
Melcher [8] took advantage of
the fact that after-images are
long-lasting, in the order of
seconds (and sometimes much
longer), to investigate what sort
of after-images transferred
across saccades, and whether
the transference was specific to
spatial position (‘spatiotopic’).
Melcher [8] chose four types of
after-effect (Figure 1), designed to
tap different stages of processing:
contrast adaptation (almost
certainly implemented in V1 [10]);
tilt and form after-effects
(probably implemented at
intermediate areas, such as V2
and V4 [11]); and face aftereffects, involving higher
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Figure 1. Illustration of two of the adaptation tasks similar to those used by Melcher [8].
The reader can experience adaptation, by first staring at one of the adapting figures (left
or right) for 20 seconds or so, then observing the central test. Top: tilt after effect: after
viewing the tilted adaptor (letting the eyes wander over the small bar), the vertical test
grating appears tilted in the other direction. Bottom: example of a clear face after-effect
(from [20]): the central face is a male–female morph; after adapting to the female face on
the left, the morphed face appears male, whereas after adapting to the male on the right
it appears female. In reference [8], baseline adaptation levels were first established with
the eyes still, then re-measured with a saccade intervening between adaptor and test.
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associative areas located in the
fusiform gyrus [12]. He first
established baseline strengths for
the four after-effects by
measuring adaptation with the
eyes stationary and the adaptor
and test presented to the same
retinotopic (and spatiotopic)
position. He then re-measured the
effects, with a saccade
intervening between adaptor and
test, when the two stimuli were in
the same spatial position
(spatiotopic) and when in different
spatial positions (matched in
eccentricity and retinotopic
displacement).
The results were beautifully
clear [8]. Contrast after-effects did
not transfer across saccades at
all, whether in the same spatial
position or not. On the other hand,
face after-effects for spatially
coincident (but retinally
separated) stimuli transferred
totally, to the same extent as for
the eye stationary and retinal
location matched. Interestingly,
the tilt and form after-effects
showed partial transfer, at about
two-thirds of baseline strength.
The clear implication of the study
is that low-level descriptive details
of images, such as local contrast,
are not integrated across
saccades, but high-level
descriptions, such as orientation
and form, and particularly human
face representations, are built up
over saccades. Furthermore, the
effects are to a large extent
spatiotopic, much stronger when
the adaptor and test were in the
same location in external space.
These results sit well with a
previous publication [13] showing
that motion sequences are
integrated across saccades in a
spatiotopic way.
So what do these results
mean? They clearly show that
visual information is transferred
from one fixation to another in
such a way as to preserve
spatiotopic representation. Basic
attributes like contrast do not
seem to be transferred in this
way, but more elaborated
representations such as faces
clearly are. And most
interestingly, intermediate
attributes, like slope and shape,
are partially transferred. It has
long been known that receptive

fields of visual neurons are not
always fixed to their retinal
locations but vary with eye
position. Fully spatiotopic and
craniotopic neurones have been
reported in areas V6 [14] and VIP
[15]. Cells in areas LIP [16],
superior colliculus [17], V3A [18]
and V4 [19] are at least
transiently craniotopic, in that
their receptive fields move in
anticipation of the saccades. But
this sort of behaviour has not
been observed to date in area V1
or V2 [18], areas that almost
certainly mediate contrast
adaptation: in these areas the
receptive fields remain rigidly
locked to their retinal
coordinates. Interestingly, in
many intermediate areas like
V3A, only a portion of the cells
shift receptive fields presaccadically [18], which could
explain why mid-level tasks, such
as orientation and form, may be
only partially affected by presaccadic spatiotopic adaptation.
The important conclusion from
this [8] and related studies is that
the visual system does combine
information from one fixation to
the next, but that this process is
not like sticking postage stamps
on a tailor’s dummy: detailed
‘snapshots’ are not integrated
within a trans-saccadic buffer that
preserves the external metric [2].
Indeed such a scheme could be
problematic, as scenes do change
continuously as objects move and
rotate: inappropriate integration
could lead to a Picasso-like
rendition. Trans-saccadic
integration does not occur at the
pixel level, but after a certain
amount of visual processing, so
attributes such as form,
orientation, motion, and even
complex entities such as faces
are integrated across fixations.
This in itself does not solve the
problem of visual stability, but
could provide a basis for visual
continuity with ever-changing
retinal input.
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