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We think of perception as leading to action. Visual sig-
nals arriving in cortex are analyzed and processed
through multiple stages, objects are recognized and loca-
tions identified, a decision of some kind is made, and an
action is generated. This process is conceived of as infor-
mation moving forward through a system in which
motor output represents the end of the process. Equally
important, however, may be the reverse process by which
information about motor output is fed back to earlier
stages, allowing action to influence perception.

The idea that action has an impact on perception is an
old one. More than a century ago, Helmholtz
(1866/1924) proposed that the reason the world appears
to stay still when the eyes move is because the “effort of
will” involved in the generation of a saccade simultane-
ously adjusts perception to take that eye movement into
account. A simple experiment convinces most observers
that Helmholtz’s account is correct. When the retina is
displaced by pressing on the eye, the world does seem to
move. In contrast, we are oblivious to the changes in the
retinal image that occur with each glance. This percep-
tual stability has long been understood to reflect the fact
that what we see is not a direct impression of the exter-
nal world but a construction, or internal representation,
of it. It is this internal representation that is adjusted, or
updated, in conjunction with eye movements.
Considerable interest has focused in recent years on
brain mechanisms of spatial representation, particularly
in parietal cortex. In this review, we focus on studies of

updating spatial representations in humans and 
monkeys.

Monkey Lateral Intraparietal Area

Neural activity in the lateral intraparietal area (LIP)
reflects multiple aspects of the monkey’s environment
and behavior (Andersen and others 1997; Colby and
Goldberg 1999).

Nearly all neurons in area LIP respond to visual stim-
uli presented in the receptive field (RF) while the mon-
key fixates on a central point. About half the population
also exhibits saccade-related activity, which occurs
before, during, and/or after a saccade directed toward the
RF. Many other factors, including anticipation, memory,
orbital position, decision processes, motor planning, and
attention, also have a significant impact on LIP neuron
activity (Gnadt and Mays 1995; Snyder and others 2000;
Shadlen and Newsome 2001; Toth and Assad 2002;
Glimcher 2003). How are we to understand this complex
range of activities? The simplest interpretation is that
LIP neurons encode salient attended locations. When an
LIP neuron fires, it means that an event occurred, or is
expected to occur, at a particular location. This event can
be the sudden appearance of a stimulus in the RF, or gen-
erating a saccade toward it, or directing attention to that
location, or remembering that a stimulus appeared there.
What is important is that the location has been made
salient by its actual or potential relevance for the ani-
mal’s behavior. This interpretation raises the issue of
how salient spatial locations are represented in area LIP.

Spatial Updating in Area LIP

We have investigated what happens to visual information
in the lateral intraparietal area in conjunction with eye
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movements (Fig. 1). We discovered that when the eyes
move so that the RF of an LIP neuron lands on a recent-
ly stimulated screen location, the neuron fires as though
a stimulus were still present, even though the screen is
blank (Duhamel and others 1992a; Colby and others
1995). The stimulus trace response cannot be accounted
for by other visual or motor factors. Control tasks indi-
cate that the simple onset of the stimulus outside the RF
does not drive the cell (Fig. 1C and D). Likewise, the
saccade to the new fixation point does not by itself acti-
vate the cell.

Both the saccade and the stimulus are necessary for
producing the stimulus trace response. The critical factor
is the position of the stimulus relative to the final eye
position. The stimulus must occur at a location that is the
correct distance and direction from the final position of
the fovea, that is, it must correspond to the retinotopic
location of the RF following the eye movement. This
response to the memory trace of a previous stimulus
indicates that LIP neurons participate in updating an
internal representation of visual space. We call this
process “remapping” to emphasize that visual informa-
tion is being shifted from the coordinates of the initial
eye position to the coordinates of the next eye position.
Remapping may thus contribute to maintaining the spa-
tial alignment between the external world and its internal
representation.

In area LIP, neurons have retinotopic RFs that move
with the eye. The conclusion from our remapping stud-
ies, however, is that LIP neurons contribute to an eye-
centered, and not just a retinotopic, representation of
space. The distinction is this. A simple retinotopic repre-

sentation would reflect only the retinal location at which
the stimulus originally appeared. In an eye-centered rep-
resentation, the location of the stimulus is still repre-
sented with respect to its distance and direction from the
fovea, but this representation is updated when the eyes
move, so that stimuli are always represented with respect
to the current position of the fovea. The effect of this
updating is to produce a representation in which the
memory trace of a stimulus is shifted to activate neurons
whose retinotopic RFs currently contain the stimulated
location.

Remapping in the Human Parietal Cortex

Humans, like monkeys, must maintain an accurate and
stable perception of the world when they move their
eyes. Several lines of evidence suggest that humans and
monkeys use the same updating mechanisms for gener-
ating this stable percept. Behavioral studies have demon-
strated that both species have similar abilities in eye
movement tasks that require updating (Hallett and
Lightstone 1976; Baizer and Bender 1989).
Furthermore, neuropsychological and lesion evidence
suggest that the parietal lobe is crucial for these abilities
in both species. For example, parietal lobe lesions inter-
fere with performance on the double-step saccade task,
which is thought to depend on updated spatial informa-
tion (Duhamel and others 1992b; Heide and others 1995;
Li and Andersen 2001). These lesion findings imply that
remapping also occurs in the human parietal cortex. We
hypothesized that we could visualize remapping in
humans using functional magnetic resonance imaging
(fMRI) (Merriam and others 2003). In this section, we

Fig. 1. Remapping of a stimulus trace. A, Visual response. During fixation, the neuron responds to a stimulus in the receptive field
(RF). B, Remapped response. During fixation, a stimulus is presented briefly (50 ms) at a location outside the RF. At the same time, a
saccade target appears (FP2). The monkey makes a saccade to the target. The saccade brings the RF to the previously stimulated
location and the neuron fires even though the stimulus is no longer present. C, Stimulus-only control. The neuron does not respond
to a stimulus presented outside the RF during fixation. D, Saccade-only control. The neuron does not respond to a saccade toward
FP2 in the absence of a stimulus. Stim = stimulus; H = horizontal; V = vertical. Adapted from Duhamel and others (1992a).
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review functional imaging evidence that the human pari-
etal cortex is involved in remapping.

To observe remapping in humans, we designed an
imaging experiment that followed the task parameters of
the monkey experiments as closely as possible. The
updating task used in the imaging experiment is
described in Figure 2. Each trial begins when the subject
fixates one of two crosses on the screen. The subject’s
task is to maintain fixation on the first cross until a tone
occurs, which is the instruction to make a saccade to the
second cross. On some trials, a stimulus appears at the
center of the screen, far from the location of gaze. The
stimulus flickers at high contrast in an otherwise dark
visual environment, making it a highly salient stimulus.
However, as in the single-unit experiments, the stimulus
is totally irrelevant to performance of the task. The tone
that cues the saccade occurs just as the stimulus disap-
pears. Thus, only a memory trace of the stimulus can be
remapped. In our experiment, the saccade target is posi-
tioned so that an eye movement to it brings the stimulus

location into the opposite visual field (Fig. 2A). Gaze is
initially directed to the right fixation cross, and the stim-
ulus appears in the left visual field. Concurrent with
stimulus offset, a tone instructs the subjects to move
their eyes to the left fixation cross. As a result of this eye
movement, the stimulus location is now in the right visu-
al field.

The predictions from this experiment are straightfor-
ward. First, the stimulus should activate visually respon-
sive cortical areas in the contralateral hemisphere. Low-
level visual areas, such as V1 and V2, should become
active because the stimulus has high contrast.
Extrastriate and parietal areas should also become active
because the sudden onset and high-frequency flicker
render the stimulus salient. Second, following the eye
movement, the stimulus trace should activate visual
areas ipsilateral to the stimulus. We use the term
remapped response to describe this ipsilateral activation
in order to emphasize that it is not driven by direct visu-
al stimulation. Third, this remapped response should be
larger than the responses elicited by either an ipsilateral
stimulus alone or an ipsiversive saccade alone. Both
ipsilateral stimuli and ipsiversive saccades may induce
some activation; receptive fields in extrastriate and pari-
etal cortices can be large, and they sometimes encroach
a few degrees into the ipsilateral side of space. There
may also be some activation associated with the saccade
because of retinal stimulation during the movement
itself. Nonetheless, these sources of activity should be
smaller than the remapped response. Fourth, remapped
responses should have a characteristic shape and time
course that distinguish them from visual responses.
Specifically, remapped responses should occur later in
time than visual responses, because the cue that triggers
the eye movement occurs after the stimulus has been on
the screen for two seconds. Remapped responses should
also be lower in amplitude than visual responses; at the
single neuron level, responses to memory traces are
about half as large as responses to actual stimuli.

These four predictions were confirmed in our human
imaging data. Our main result is illustrated in Figure 3.
A left visual field, stimulus strongly activated the right
hemisphere, as shown in Figure 3C. This right hemi-
sphere activation reflects visual activity that is directly
driven by the stimulus. We also observed activation in
the ipsilateral parietal lobe (Fig. 3C, left hemisphere).
We interpret this ipsilateral activation as a response to
the remapped trace of the stimulus. The shape of this
ipsilateral activation suggests that it is indeed related to
remapping. As described above, the remapped activation
should occur later than the visual activation. This pattern
of activity is present in the responses from both hemi-
spheres shown in Figure 4, and was observed in a popu-
lation of 16 hemispheres (Merriam and others 2003). In
addition to occurring later, the remapped activation
should also be smaller in amplitude than the visual acti-
vation. This pattern is visible in one of the two hemi-
spheres shown in Figure 4 and is present in the majority
of cases reported in Merriam and others (2003).

Fig. 2. Human functional magnetic resonance imaging (fMRI)
remapping paradigm and predicted results. A, The stimulus
appears in the left visual field (LVF) for 2 s, activating right hemi-
sphere occipital and parietal cortex (blue circle). After two
sends, the stimulus disappears and a tone cues the subject to
make a leftward eye movement. This saccade brings the
screen location of the now-extinguished stimulus (dotted circle)
into the right visual field (RVF). We predicted that remapping of
the stimulus trace would cause activation to shift from the right
to the left hemisphere (red hatched circle). B, Time course of
expected activation. The shaded region in each panel indicates
the time that the stimulus is on, and the vertical line at 2 s indi-
cates the time of the auditory cue to make an eye movement.
Activation in the right hemisphere, due to the stimulus, was
expected to follow the standard hemodynamic time course
(blue curve). Activation in the left hemisphere, due to the
remapped stimulus trace, was expected to occur with a similar
time course but shifted by 2 s because the cue to make an eye
movement occurs 2 s after stimulus onset. We also expected
the remapped response to be smaller in amplitude than the
visual response. Adapted from Merriam and others (2003).
Reprinted from Neuron, vol. 39, Merriam and others, “Spatial
Updating in Human Parietal Cortex,” pages 361–73, 2003, with
permission from Elsevier.
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Comparison of Monkey 
and Human Remapping

Two main features of the fMRI task are notably different
from the monkey version, described above in Figure 1.
First, the fMRI task is several orders of magnitude slow-
er. In the original single-step task in monkey, a stimulus
flashes briefly outside of the RF of the neuron being
recorded. The stimulus appears for only 50 ms, just after
the saccade has been cued, but before the eyes actually
begin to move (Fig. 1). Because of the high temporal
fidelity of single-unit recordings, Duhamel and others
(1992a) were able to determine the precise onset time of
the remapped response. In the fMRI version of the task,
the stimulus appear and remain on the screen for two
seconds prior to the eye movement. This allowed for a
clear dissociation between visual and remapped activity:
visual activity began two seconds prior to the onset of
remapped activity. These parameters were chosen to
accommodate the relatively poor temporal resolution of
fMRI.

Second, the geometry of the task differed from the
original version. In the single-step task used in the phys-
iology experiments, a saccade moves the RF onto a
recently stimulated screen location. The single-unit
experiments thus require reasonably detailed informa-
tion regarding the spatial extent of visual RFs; the mag-
nitude and direction of the eye movement are chosen
depending on each neuron’s particular RF size and loca-
tion. However, the measure of neural activity reflected in
fMRI data is at a much coarser spatial scale, and the con-
cept of a visual “receptive field” does not apply in the
context of fMRI. To overcome this limitation, we
arranged the location of the stimulus and eye movement
direction such that the visual and remapped responses
were located in opposite hemispheres. However, despite
these differences between the single-unit and fMRI ver-
sions of the task, the essential finding is the same in both
studies.

Area LIP in Humans

Many previous studies have demonstrated that contralat-
eral visual stimuli activate the striate and extrastriate
visual cortex (Sereno and others 1995; DeYoe and others
1996; Engel and others 1997). A similar contralateral
bias exists in parietal cortex as well (Sereno and others
2001). Consistent with these data, we found strong and
extensive activation contralateral to the stimulus location
in the single-step task. We also discovered that the con-
junction of a stimulus and a saccade can produce strong
ipsilateral activation and that this activation bears many
similarities to neuronal remapping data. Our findings
indicate a broad equivalence of function between mon-
key and human parietal cortex. Whether there are human
equivalents of the physiologically defined parietal areas
is currently a matter of much interest. Sereno and others
(2001) identified a topographic area in a medial side
branch of the human intraparietal sulcus and suggested
that this area could be a human “homologue” of the

Fig. 3. Region of interest in parietal cortex. A, Posterior view of
both hemispheres of a single subject rendered at the outermost
layer of gray matter. The regions of interest (ROIs) are shown in
blue. B, Partially unfolded view of the same two hemispheres.
Blue shading indicates the location of the ROI. Shades of gray
indicate the curvature of the cortical surface: dark gray indi-
cates concave areas, and light gray indicates convex areas. C,
Activation from a single subject on updating trials in which a left
visual field stimulus was followed by a leftward saccade. This
condition elicited activation in contralateral (right) hemisphere
occipital and parietal areas, as expected. Activation was also
observed in the ipsilateral (left) parietal lobe, indicating that the
visually evoked activation was remapped. Adapted from
Merriam and others (2003). Reprinted from Neuron, vol. 39,
Merriam and others, “Spatial Updating in Human Parietal
Cortex,” pages 361–73, 2003, with permission from Elsevier.
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monkey area LIP. In that experiment, subjects made sac-
cades to a series of targets located in sequence around
the visual field. The targets were presented only briefly,
and subjects had to remember their locations for several
seconds before each eye movement. Sereno and others
observed a traveling wave of activity across a region of
the posterior parietal lobe as subjects remembered con-
secutive target locations, implying that neurons in this
area of the human brain are topographically organized
for delayed saccades to remembered locations. The exis-
tence of a topographic map is strong evidence that an
activated region corresponds to a discrete cortical area.

However, further studies are needed to determine the
degree to which this particular area displays physiologi-
cal response properties similar to monkey area LIP.

Impact of Action on Representation in the
Extrastriate Visual Cortex

Extrastriate visual cortex contains a hierarchy of visual
areas, connected by feed-forward and feed-back projec-
tions (Maunsell and Van Essen 1983). This hierarchy,
identified initially on the basis of laminar patterns of
connectivity, also reflects the increasing complexity of

Fig. 4. Visual and remapped responses from the left hemisphere of a single subject. A, Time course of activation evoked by the visu-
al and remapped responses from parietal cortex. The Magnetic Resonance (MR) time course over the 15-s task epoch represents the
average of 72 trials. The shaded gray bar indicates the time when the stimulus was present, and the vertical line at 2 s shows the time
of the auditory cue to make a saccade. The remapped response (red line) occurs later and is smaller than the visual response (blue
line). B, BOLD-image raster plots of the visual responses from the same hemispheres for 72 successive trials. Activation on individ-
ual trials is plotted along the y-axis, with percent signal change represented in pseudocolor plotted over time (x-axis). C, BOLD-image
raster plots of the remapped responses for 72 successive trials. D, Eye position recorded in 36 trials of the same task performed out-
side the scanner. Adapted from Merriam and others (2003). Reprinted from Neuron, vol. 39, Merriam and others, “Spatial Updating in
Human Parietal Cortex,” pages 361–73, 2003, with permission from Elsevier.
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response properties as visual signals are transformed
beyond V1. Substantial evidence has accumulated for
the impact of top-down processes related to attention
and working memory on neural activity at various levels
of the hierarchy (Robinson and others 1978; Moran and
Desimone 1985; Mountcastle and others 1987; Motter
1993, 1994; Steinmetz and others 1994; McAdams and
Maunsell 1999; Reynolds and others 1999; Seidemann
and Newsome 1999; Recanzone and Wurtz 2000;
Pasternak and Zaksas 2003).

Much less is known about the impact of motor action
on visual processing in extrastriate areas. We have inves-
tigated the extent to which extrastriate visual cortex par-
ticipates in remapping. We began with area V3A because
it is the extrastriate area most closely connected with
LIP. As a first step, we asked whether area V3A neurons
exhibit extraretinal signals that are so prominent in area
LIP. We recorded from area V3A while monkeys per-
formed standard fixation and memory-guided saccade
tasks. We found that activity in V3A is subject to signif-
icant modulation by extraretinal factors including atten-
tion, anticipation, memory, and saccadic eye movements
(Nakamura and Colby 2000). We concluded that area
V3A is not purely visual in function but also participates
in cognitive functions, and could contribute to the updat-
ing of spatial representations.

Neurons in Extrastriate Cortex 
Remap Stimulus Traces

Neurons in LIP, Frontal Eye Field (FEF), and Superior
Colliculus (SC) update the trace of a visual stimulus in
conjunction with eye movements. We asked whether
remapping is limited to these oculomotor and quasi-ocu-
lomotor areas, or whether it can be observed in areas
thought to be primarily visual in function. We began in
area V3A with our standard remapping task. We found
that more than half of V3A neurons (52%) responded in
this task, as illustrated in Figure 5. Remapped responses
in area V3A are as robust as those in area LIP, and V3A
neurons were not active in the control conditions. We
concluded that remapping is not limited to neurons in
oculomotor and closely allied brain regions but rather is
present as well in dorsal stream visual areas.

Receptive Fields in Extrastriate
Cortex Are Dynamic

What happens to the RF of a neuron during remapping?
We asked whether V3A neurons remap stimulus traces
by shifting the RF or whether the RF expands at the time
of a saccade. We did this by testing the neurons’ sensi-
tivity at two locations, the old (initial) receptive field and
the new (future) receptive field. We presented the stim-
uli at four different times relative to the saccade in order
to understand how the RF changes over time. All eight
conditions were randomly interleaved. We found that
neural responses fell along a continuum. Some, like the
neuron illustrated in Figure 6, appear to shift the location
of the RF around the time of an intended saccade: they

simultaneously become less responsive at the initial
location and much more responsive at the future location
of the RF. In contrast, other neurons appear to undergo a
momentary expansion of the RF immediately before a
saccade. The neuron illustrated in Figure 7 exhibited pre-
dictive remapping: it began to respond even before the
onset of the saccade that would move the RF onto the
stimulated screen location (panel B). When tested in all
eight conditions, the neuron exhibited a dual responsive-
ness (Fig. 8). In conditions 1 and 2, the neuron respond-
ed to a stimulus presented at either the old or the new RF.
This dual responsiveness continued until saccade onset,
when it ceased abruptly (time condition 3). These data
indicate that for some cells there is a temporary expan-
sion of the effective RF around the time of a saccade.
Many previous experiments have demonstrated that RFs
are dynamic. The present results indicate that intended
motor action is one of the factors that contributes to this
plasticity.

Neurons in V3 and V2, But Not V1, 
Remap Stimulus Traces

Finally, we asked whether neurons at even earlier stages
of the visual system hierarchy would remap stimulus
traces. Using the same tasks and conditions, we tested
neurons in the V3, V2, and in striate cortex. We found
that many neurons in area V3 respond in the single-step
task, but that the proportion drops off rapidly in V2. In
striate cortex, only 1 neuron out of 64 tested showed evi-
dence of remapping (Fig. 9). Two other trends are clear.
First, the proportion of neurons that remap predictively
decreased markedly at lower levels of the hierarchy.
Second, the mean latency of the remapped response rel-
ative to saccade onset was much longer at lower levels.
All of these findings suggest that earlier stages of the
visual system are connectionally or computationally fur-
ther from the source of the central signal that drives
remapping. The next critical question for future research
is whether remapping is in fact an entirely top-down
process, in which the computation is carried out in LIP
(or elsewhere), or whether it proceeds in parallel at mul-
tiple levels of the visual system.

Active Vision in Parietal and 
Extrastriate Cortex

In the dorsal stream, we found that there is robust remap-
ping in single neurons in areas V3A, V3, and V2
(Nakamura and Colby 2002). This is significant because
it provides support for the idea that extrastriate cortex is
not simply engaged in passive elaboration of retinal sig-
nals, but rather that an active process is guiding the
acquisition and maintenance of stimulus representations
in extrastriate cortex (Maunsell 1995). The function of
such active processes in extrastriate cortex may be to
narrow the task of stimulus representation to only those
locations or stimulus features that are currently of
importance for the organism. Psychophysical work on
integration of information across saccades indicates that
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Fig. 6. V3A neuron responses to stimuli presented in the old or new receptive field (RF) at four different timings (same neuron as in
Fig. 1). Histograms are aligned on stimulus onset. Inverted triangles above each raster indicate the mean time of saccade onset.
Excitability at the new RF increases while excitability at the old RF decreases even before the saccade (time 2). Stim = stimulus; H =
horizontal. Adapted from Nakamura and Colby (2002).

Fig. 5. Remapping in extrastriate area V3A. The cartoons show the location of stimuli on the screen. Time lines show horizontal (H)
and vertical (V) eye position (calibration bar, 5 deg) and the timing of stimulus events. Rasters from 10 correct trials are aligned on the
specified event and summed to generate histograms. A, Fixation task: a 3-deg bar at the optimal orientation is flashed in the recep-
tive field (RF) while the monkey fixates. B, Single-step task: while the monkey fixates FP1, the stimulus is flashed outside the RF for
50 ms; it is extinguished before the saccade to FP2. The neuron fires after the saccade brings the RF onto the stimulated location,
even though the stimulus is already gone. C, Stimulus-alone control: presentation of the stimulus outside the RF does not drive the
neuron in the absence of a saccade. D, Saccade-alone control: the saccade alone does not drive the neuron in the absence of a stim-
ulus. Stim = stimulus. Adapted from Nakamura and Colby (2002).
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rather little information is maintained from one fixation
to the next (Hayhoe and others 1991; Irwin 1991;
Lachter and Hayhoe 1995; Irwin and Andrews 1996).
Perceptual stability may result not from fusing complete

images acquired in separate glances but from integrating
information about only a few selected objects or poten-
tial targets. Furthermore, the spatial reference frame in
which this limited information is integrated may reflect

Fig. 7. V3A neuron that responds to a stimulus flashed outside the receptive field (RF) even before the saccade that will bring the RF
to the stimulus location. Same format as Figure 6. A, Fixation task. B, Single-step task, time 1 condition in which the visual stimulus
is flashed in the new RF long before the saccade. C, The stimulus alone does not drive the neuron in the absence of a saccade. D,
The saccade alone does not drive the neuron. Stim = stimulus; H = horizontal; V = vertical.

Fig. 8. Responses to stimuli presented in the old or new receptive field (RF) (same neuron as in Fig. 3). Before the saccade, this neu-
ron responded to stimuli presented in either the old or the new RF even when the stimulus is presented long before the saccade (bot-
tom row, time 1). Stim = stimulus; H = horizontal. Adapted from Nakamura and Colby (2002).
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the demands of the specific task. Psychophysical results
indicate that eye-centered (updated retinotopic), object-
centered, and other spatial reference frames are used to
integrate transsaccadic information (Karn and others
1993; Cave and others 1994; Pelz and Hayhoe 1995;
Hikosaka and others 1996). They also suggest that target
selection and transsaccadic integration may take place at
relatively early stages of the visual system (Hikosaka
and others 1993, 1996; Shimojo and others 1996).

The visual response properties of neurons in extrastri-
ate and parietal cortex have commonly been studied dur-

ing fixation or under anesthesia. Perception, however,
normally takes place in the context of frequent eye
movements.

Understanding the dynamic nature of RFs around the
time of saccades provides important information about
how we perceive the visual world in the natural environ-
ment. Specifically, predictive remapping allows spatial
processing to proceed in advance of a saccade, as if the
saccade had already taken place. Furthermore, it permits
the maintenance of spatially accurate representations
across saccades. This mechanism may be useful in con-

Fig. 9. Neurons in V3A, V3, and V2 remap stimulus traces.  A, Percentage of neurons in each area that respond to a stimulus flashed
in the new receptive field (RF). Filled bars show percentage of neurons that remap after saccade onset. Shaded bars indicate per-
centage that remap predictively, responding before saccade onset. B, Perisaccadic change in responsiveness to a stimulus present-
ed in the new RF. For each neuron, there are four data points, corresponding to the four times at which the stimulus appeared rela-
tive to saccade onset (horizontal axis): blue, time 1; black, time 2; red, time 3; and green, time 4. Negative values on the horizontal
axis indicate that the stimulus was flashed before saccade onset. Firing rates for each neuron were normalized to that neuron’s firing
rate in a fixation task. Normalized firing rate (response to stimulus trace at the new RF at time X, divided by response at time 4) is plot-
ted against the time of stimulus presentation relative to saccade onset. Neurons are judged to have no response if the activity does
not change significantly relative to the baseline (100 ms before stimulus onset) and are plotted as zero. Adapted from Nakamura and
Colby (2002). 
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structing a stable image of the visual world despite eye
movements.
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