
LIP responses to a popout stimulus are reduced
if it is overtly ignored

Anna E Ipata1, Angela L Gee1, Jacqueline Gottlieb1,2, James W Bisley1,4,5 & Michael E Goldberg1–3,5

Bright objects capture our attention by virtue of ‘popping out’ from their surroundings. This correlates with strong responses in

cortical areas thought to be important in attentional allocation. Previous studies have suggested that with the right mindset or

training, humans can ignore popout stimuli. We studied the activity of neurons in monkey lateral intraparietal area while monkeys

performed a visual search task. The monkeys were free to move their eyes, and a distractor, but never the search target, popped

out. On trials in which the monkeys made a saccade directly to the search target, the popout distractor evoked a smaller response

than the non-popout distractors. The intensity of the response to the popout correlated inversely with the monkeys’ ability to

ignore it. We suggest that this modulation corresponds to a top-down mechanism that the brain uses to adjust the parietal

representation of salience.

Visual search tasks have been commonly used by psychologists to
investigate how subjects select a relevant object from a background
of irrelevant ones. Many theories of attention assert that this
selection occurs by an interaction between ‘bottom-up’ and ‘top-
down’ control1–3. Bottom-up control refers to stimulus-driven proces-
sing that occurs in a parallel manner across the entire visual field. It is
based exclusively on the properties of the stimulus and is unaffected by
any advance knowledge about the stimulus or by any behavioral
strategy on the part of the subject. It is responsible for the automatic
capture of attention by salient objects that stand out from the back-
ground. Objects can also be selected because they match the viewer’s
expectations. In this case, attention is guided through a top-down, or
goal-directed, process that selects the stimuli on the basis of the viewer’s
advance knowledge, intentions and goals. Studies that have investigated
how bottom-up and top-down mechanisms compete for the control of
attention have generally found that in the presence of a salient stimulus,
the bottom-up activation prevails and attention is oriented automati-
cally and involuntarily to a stimulus that stands out from the back-
ground, even when it is irrelevant for the task4–9. However, other
studies have challenged this idea claiming that, with extended practice,
attention and gaze are not always driven automatically and involun-
tarily to a salient, but irrelevant, stimulus when subjects know the
properties of the target in advance and when these properties do not
overlap with those of the distractor10–19.

Here we addressed the issue of whether monkeys are able to ignore a
predictably irrelevant stimulus that pops out by virtue of its physical
properties, and whether the behavior is reflected in the neural activity
in posterior parietal cortex.

Models of target selection or attentional allocation often include a
map of visual space, termed a salience map, which is used to identify an
appropriate target by taking into account information from the scene
and from cognitive influences20,21. This map is a two-dimensional
topographic map in which neural activity represents the salience of
objects within the visual environment. In this context, stimuli can be
considered salient because of their physical properties, their behavioral
relevance or both. Attention is then directed, in a winner-take-all
manner, to the location that corresponds to the object that receives
the highest activation22,23.

Visual salience is represented in a number of brain areas: the frontal
eye fields24, area 7a (refs. 25–27), the lateral intraparietal area22,28,29 and
the superior colliculus30. A singleton popout stimulus is represented in
these areas by stronger responses than those to the same stimulus when
it is not unique, whether it is behaviorally relevant24,26,31,32 or not27,33.
In this study we examined the responses of neurons from the lateral
intraparietal area (LIP) to see how the enhanced bottom-up response of
a popout stimulus competes with the top-down knowledge that the
popout stimulus is an irrelevant distraction.

RESULTS

Behavior

Two adult male rhesus monkeys were trained to perform a visual search
task. The monkeys were free to move their eyes and reported their
decision by a hand movement34. Each monkey initiated a trial by
fixating a small spot in the middle of the screen, which appeared after it
had grasped the two bars in its chair. After 1–1.75 s, the fixation point
was extinguished and an array of eight crosses appeared (Fig. 1). One
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cross (the target) was an inverted or upright T and the monkey was
rewarded for correctly indicating its orientation by releasing the
appropriate bar. During this time the monkey was completely free to
move its eyes—the trial did not end until a bar was released or a 3-s
time limit was reached. Of the remaining seven distractors, six had the
same luminance, color, width and height as the target, but differed only
in the position at which the horizontal line crossed the vertical line. The
remaining distractor was the same shape as the other distractors, but
popped out by virtue of its bright luminance and green color. Monkeys
correctly performed the task in about 95% of the trials, and even
though they did not have to make a saccade to the target, they usually
fixated it before releasing the bar. In a small percentage of trials (1–12%,
depending on the day), monkey Z gave the correct manual response but
never actually fixated the target.

The monkeys’ response to the popout changed with experience.
Initially, because we wanted to demonstrate the similarity between the
monkey’s search strategy and that of humans, we often made the
popout stimulus serve as the target of the search (A.E. Ipata, B.S.
Krishna, J.W. Bisley, J. Gottlieb & M.E. Goldberg. Vis. Sci. Soc. Abstr. 3,
622a, 2003). In one variation of this experiment, we alternated blocks of
trials in which the popout was always the target with blocks in which
the popout was never the target. In blocks in which the popout was the
target, the monkeys made their first saccade to the popout in almost all
of the trials. In blocks in which the popout was never the target (Fig. 2,
left columns), monkey R made the first saccade to the popout in 148 of
919 trials (16%), to the target in 520 of 919 trials (57%) and to a
non-popout distractor in 251 of 919 trials (27%). Monkey Z made the
first saccade to the popout in 517 of 2,438 trials (21%), to the target in
920 of 2,438 trials (38%) and to a non-popout distractor in 1,001 of
2,438 trials (41%).

During the recording experiments, we were interested in trials in
which the monkey made saccades away from the target, so we never
made the target the popout. Under these circumstances (Fig. 2, right
columns), the percentage of first saccades to the popout dropped to
4.0% in monkey R (1,612 of 39,902) and to 0.5% in monkey Z
(150 of 31,923). Monkey R made 22,427 of 39,902 (56%) first saccades
to the target and 15,863 of 39,902 (40%) first saccades to non-
popout distractors; monkey Z made 14,066 of 31,923 (44%) first
saccades to the target and 17,769 of 31,923 (56%) first saccades to
non-popout distractors.

Neural activity

We collected data from 73 LIP neurons from two monkeys (42 in
monkey R, 31 in monkey Z). We mapped a neuron’s receptive field
using a memory-guided saccade task35. All neurons examined in this
study had visually evoked activity when the target of the memory-
guided saccade appeared in the neuron’s receptive field, and 78% of
them responded significantly during the delay period (Po 0.05; t-test).
For each neuron, we positioned the eight-stimulus array of the search

task so that one stimulus was always in the center of the neuron’s
receptive field. Under conditions of visual search, neurons in LIP
accurately predict the direction and latency of the impending saccade34.
To insure that the activity we studied was not contaminated by the
saccadic signal, we only included in our analysis one-saccade trials, in
which the monkey made a saccade to the target and released the
appropriate bar (56% and 44% of all trials in monkeys R and Z,
respectively). Because the target was in the center of the neuron’s
receptive field on only about 12.5% of trials, the analysis included three
different trial types: trials in which the monkey made a saccade to the
target in the receptive field; trials in which the monkey made a saccade
to the target, and a non-popout distractor was in the receptive field;
and trials in which the monkey made a saccade to the target, and the
popout distractor was in the receptive field. In all the neural data
presented here, the target was never the popout.

We obtained spike density functions for single neurons (Fig. 3a,b) by
sorting the data into trials in which the target (dark gray traces), the
non-popout distractors (black traces) or the bright green popout
distractor (light gray traces) were in the neuron’s receptive field. Note
that the trials are averaged over left- and right-handed manual
responses, and the black and light gray traces are averaged over all
saccade directions except for that toward the receptive field. We aligned
the data by the onset of the stimulus array (Fig. 3a) and by the onset of
the initial targeting saccade (Fig. 3b). It was clear that the response to
the popout distractor was less than the response to the non-popout
distractor, and that both were substantially less than the response to the
target to which the monkey was making the saccade. Note that the
neuronal activity distinguished between popout and non-popout
distractors about 90 ms after the onset of the search array.

This differentiation between popout and non-popout distractor was
present across the sample of neurons, both in the population averages
and in the activity of the single neurons. The mean spike density
histograms for monkeys R and Z, calculated from all cells in which
there were at least five trials of each type (41 cells in Monkey R, 29 in
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Figure 2 Percentage of first saccades to the popout distractor before and

during recording. In sessions before recording, blocks in which the popout

was the target were occasionally presented. Left, data from these sessions,

but only from blocks in which the popout was always a distractor. Right, data

from recording sessions, in which the popout was never the target. Error bars

show s.e.m.

Figure 1 Behavioral task. The monkeys began the task by grabbing two bars

attached to the primate chair. A fixation point appeared, which the monkey

had to look at for 1–1.75 s, after which it disappeared and was replaced by

an eight-stimulus array positioned along an imaginary circle such that one

member of the array was in the center of the receptive field of the neuron

under study. One of the stimuli was the target and the remaining seven were

distractors. In every trial, one of the distractors (a bright green stimulus)

popped out. The monkeys had 3 s to report the orientation of the target by
releasing one of the two bars. No constraints were imposed on the monkeys’

eye movements; they were not required to fixate the target before giving the

response and were not penalized for not fixating the target.

1072 VOLUME 9 [ NUMBER 8 [ AUGUST 2006 NATURE NEUROSCIENCE

ART ICLES
©

20
06

 N
at

ur
e 

P
ub

lis
hi

ng
 G

ro
up

  
ht

tp
://

w
w

w
.n

at
ur

e.
co

m
/n

at
ur

en
eu

ro
sc

ie
nc

e



Monkey Z) are shown aligned on array onset and on saccade onset for
monkey R (Fig. 3c,d) and for monkey Z (Fig. 3e,f). As in the single-cell
example, the responses to the two classes of distractor were initially
similar, but diverged to give a consistently weaker response to the
popout distractor.

The latency of the response to the popout distractor, calculated using
the method described previously36, was slightly longer than that to the
non-popout distractor for almost all the cells (mean ± s.e.m. of the
difference across the cells: 9.1 ± 1.6 and 8.9 ± 2.2 for monkeys R and Z,
respectively; Wilcoxon sign-rank tests: P o 0.0004). Therefore, we
compared the activity in each epoch starting from the latency of
response of each cell in each condition (popout versus non-popout
distractor), rather than from the onset of the search array. This meant
that we analyzed the data from the 48 neurons for which latencies could
be calculated. As in the pooled population response, there was little
difference between the popout and non-popout distractor conditions
in the first 40 ms after the latency of the initial responses (P ¼ 0.88,
monkey R; P¼ 0.43, monkey Z; Wilcoxon sign-rank tests; Fig. 4a,b). In
the following 50-ms epoch (Fig. 4c,d), the average responses were
already significantly less for the popout distractor than for the non-
popout distractor (P ¼ 0.0008, monkey R; P ¼ 0.004, monkey Z).
Similar results were also seen when the data from all neurons were
analyzed with a 50-ms epoch centered on saccade onset (Fig. 4e,f;
P ¼ 0.005, monkey R; P ¼ 0.001, monkey Z).

On days when the monkeys were unable to suppress saccades to the
popout distractor, neuronal responses to the popout distractor were
equal to, or stronger than, the responses to the non-popout distractors.
For each cell recorded, we calculated the proportion of first saccades
made to the popout distractor within that block of trials, and used this
as a metric that showed how well the monkey was able to overtly ignore
the popout distractor. We then plotted these data against the difference
between the responses to the non-popout and popout distractors for the
cell recorded in that block, in a 50-ms epoch starting at 80 ms after array
onset (Fig. 5). For monkey R, it was clear that whenever the differences

were positive (that is, the response to the popout was weaker), the
monkey generally was able to inhibit saccades to the popout stimulus
(Fig. 5a). However, in sessions in which the monkey was unable to
suppress saccades toward the popout (that is, those in which more than
5% of trials began with the monkey making a saccade to the popout),
the responses to the popout stimulus were either equal to or greater
than the responses to the non-popout stimuli. We used linear regression
to fit the data and found that there was a significant correlation between
the ability of the monkey to ignore the popout and the difference in
activity (P ¼ 0.001). The results from monkey Z were less obvious
(Fig. 5b), as this monkey almost always suppressed saccades to the
popout. However, in line with this behavior, monkey Z had only three
sessions in which the neuron being studied clearly responded more to
the popout distractor than to the non-popout distractors; moreover, in
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Figure 4 Response to popout and non-popout distractors in three epochs of

the trial for each monkey. (a,b) The response of each cell to the non-popout

distractor is plotted against the response of the same cell to the popout

distractor in the first 40 ms after the latency. (c,d) The responses in a 50-ms

epoch after the first response, plotted as in a. (e,f) The responses in the

interval ± 25 ms around saccade onset, plotted as in a.

Figure 3 Responses to the target or distractors within the neuron’s receptive

field. All data are from trials in which the monkey made the first saccade to

the target and released the correct bar. (a) Responses of a single cell to the

appearance of an array object in the receptive field, versus time from target

onset. Dark gray trace, response to the target in the receptive field when the

monkey made a saccade to the target. Black trace, response to a non-popout

distractor in the receptive field when the monkey made a saccade to the

target (located elsewhere). Light gray trace, response to the popout distractor
in the receptive field when the monkey made a saccade to the target

(located elsewhere). (b) Same data as in a, but aligned on saccade onset.

(c,d) Population averages for monkey R aligned to array onset (c) or saccade

onset (d). (e,f) As in c and d, but for monkey Z. Thickness of the traces

shows s.e.m.
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the one session in which he was unable to suppress saccades to the
popout, the response to the popout stimulus was not significantly lower
than the response to the non-popout stimulus (P ¼ 0.75).

DISCUSSION

In this study, monkeys learned to perform a free-viewing visual search
task in which the most conspicuous object was not the target, but one
of the distractors. We have demonstrated that with training, monkeys
were able to ignore this popout stimulus overtly. We found that the
responses of neurons in LIP to the popout stimuli were always slower
and usually weaker than the responses to the other distractors.
Furthermore, these responses were at their weakest on days when the
monkeys were most successfully able to ignore the popout. On days
when the monkeys were least able to ignore the popout, the responses
to the popout were often stronger than the responses to the non-
popout distractors. Because the performance remained constant within
a single recording session, we suggest that the reduction of activity
represents ongoing day-to-day top-down control that suppresses the
importance of the popout on the parietal salience map29, thereby
facilitating a more rapid discovery of the target.

The finding that monkeys were able to ignore an irrelevant popout
stimulus is consistent with results from human studies, which have
shown that stimulus-driven capture can be over-ridden by goal-
directed selection of a target stimulus that has features that separate
it from the popout distractor13,14,18. Recent findings have suggested
that such resistance to stimulus-driven capture might be mediated by
top-down inhibition16.

Previous physiological studies have found that the responses in
posterior parietal cortex to singleton popout stimuli are greater than
those elicited by the same stimuli when they are not popouts26, even
when they are irrelevant27. This is supported by preliminary data from
early training in monkey R: during this time, the task was evolving, and
thus a strategy of continually ignoring the popout would have been
detrimental. These data showed that the average response to the
popout distractor was higher than that to the non-popout distractor
(P ¼ 0.04, n ¼ 10; Wilcoxon sign-rank test). When monkeys were
exclusively given the task in which the popout stimulus was always the
distractor, we saw a lower response to the popout; we argue that this
reflects the effect of top-down control and that the strength of this
reduction depends on the attentional set adopted by the monkey. The
reduced response to the popout was manifested as a later decrement of
response, after a brief period in which the response to the popout was

not different from the response to the non-popout distractor. This,
coupled with the daily fluctuation of the popout response, suggests that
the difference in response is not the result of experience-dependent
plasticity37, but, instead, of volitional, attentional modulation. On days
when the monkeys were less able to ignore the popout, there was an
absence or a reversal of the difference in activity; this is consistent with
previous reports that illustrate the normal enhancing effect of bottom-
up salience in posterior parietal cortex26,27.

The slower latency in response to the popout distractor could be
attributed either to a color-selective trait of the neurons or to a long-
term influence such as perceptual learning. Typically, LIP neurons are
not color-selective, unless the color is relevant for behavior38, so we
think that this is an unlikely explanation for the latency difference.
Furthermore, although we did not record enough activity to calculate
latencies from the ten LIP neurons recorded during initial training, the
results from area 7a (ref. 27) suggest that although stimuli evoke
stronger parietal responses when they popout than when they are
identical to others in an array, the responses do not exhibit latency
differences. The fact that the shift of neuronal latency occurs at the
beginning of the neuronal response suggests that it may be introduced
at an earlier level of the visual system. It is well known that extended
training modifies basic neuronal response properties at both early37 and
intermediate39 levels of visual cortex. Thus, we argue that in addition to
the top-down influences, there is a bottom-up learning effect that
changes the connections between the ascending inputs from early visual
areas and LIP, and that this manifests itself in a prolonged latency.

Models of attention and saccade target selection have hypothesized
the presence of a two-dimensional topographic salience map in the
brain controlling the deployment of attention and saccadic eye move-
ments1,20,21,40. The activity of this map represents a combination of
bottom-up physical salience and top-down influences that render
inconspicuous objects behaviorally salient. LIP has been proposed as
one of the brain areas that provide such a map28,29,41. As such, it is
worth remembering that all the neural data shown here come from
trials in which the monkey, even if not forced to ignore the popout, did
not make a saccade to the popout stimulus but went straight to the
target. Thus, our data show that top-down and bottom-up factors
interact and influence the entire salience map in LIP, as all the
differences in activity that we have shown are not at the spatial location
of the monkey’s area of overt attention—that is, around the target.
Although there have been previous attempts to examine the interac-
tions between top-down and bottom-up influences in the brain24,42,
these have been done at a region of the map to which a saccade was to
be made and thus the responses were certainly influenced by the motor
plan itself. Previous studies have shown that in a free-viewing visual
search task34, neuronal activity in LIP reliably predicts when and in
which direction a saccade will occur, although it does not do so during
the delay period of a delayed saccade task22,43. However the activity
during the delay can be used to predict where attention will be
allocated22,23,43. A lower response in LIP therefore makes the stimulus
evoking the response less likely to be the target of a saccade (which we
have demonstrated in these experiments) and, we suggest, less likely to
be attended (which we have not demonstrated here). So, although there
may still be some debate in the human psychophysics literature about
whether we can truly ignore a singleton stimulus44, the present data
provide strong evidence that it is possible in the monkey, in terms of
both saccade target selection and attentional allocation.

METHODS
Two male rhesus monkeys (Macaca mulatta) weighing 8–14 kg were used in

this experiment. All experimental protocols were approved by the Animal Care
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and Use Committees at Columbia University and the New York State

Psychiatric Institute, and complied with the guidelines established by the

Public Health Service Guide for the Care and Use of Laboratory Animals.

Monkeys had subconjunctival scleral search coils45, head-restraining devices

and recording chambers implanted during aseptic surgery under ketamine and

isoflurane anesthesia. Chambers were positioned over the intraparietal sulcus,

guided by magnetic resonance images.

Behavioral procedure. Monkeys were trained on a free-viewing visual search

task. They sat in a dimly illuminated room with their head fixed and viewed a

tangent screen that stood approximately 75 cm away. The sequence of a single

trial is shown in Figure 1. Each trial started when the monkey grabbed one of

two bars with each hand, then a small white central fixation point appeared in

the center of a gray background. If the monkey maintained its fixation inside a

31 � 31 window for 1–1.75 s, the fixation point disappeared and an array of

eight stimuli appeared. The array consisted of a target and seven distractors that

were positioned around an imaginary circle, equally spaced around the former

fixation spot, such that one stimulus was always in the center of the neuron’s

receptive field. On each trial the relative position of all the stimuli changed

randomly. The target was a black capital T that could be upright or inverted.

The orientation of the target on each trial was unpredictable. Six of the

distractors had the same dimensions, color and luminance as the target, but

differed only in the position at which the horizontal component crossed the

vertical component. One of the distractors, designated the popout distractor,

had the same dimensions as the other distractors but popped out by virtue of

its color and luminance (bright green). Monkeys were rewarded for reporting

the orientation of the target by releasing one of the two bars (the left bar when

the target was the upright capital T and the right bar when the target was the

inverted capital T). Monkeys were free to move their gaze and did not need to

fixate the target to receive the reward. They were given 3 s to respond correctly,

after which the trial aborted. Initially, monkeys were trained and then

extensively tested on a variation of this task in which three blocks were

interleaved: one in which the task was identical to that in the present study

(that is, a distractor always popped out); one in which there was no popout

stimulus; and one in which the target always popped out.

Recording. Single units were recorded from area LIP with glass-insulated

tungsten electrodes (Alpha Omega Engineering). The electrodes were intro-

duced through a guide tube positioned in a 1 mm � 1 mm spaced grid. Action

potentials were amplified, filtered and discriminated using an amplitude

window discriminator.

Once a neuron was isolated, the receptive field was mapped by positioning a

white spot in different locations in the visual field while monkeys performed

a memory-guided saccade task35. We studied a total of 73 neurons in LIP

(42 from monkey R; 31 from monkey Z) while the monkeys performed the

visual search task. Every neuron we studied responded significantly to the target

of the memory-guided saccade, and 78% of neurons in monkey R and 80% in

monkey Z responded significantly during the delay (P o 0.05, t-test).

After mapping the receptive field, we recorded from the same neuron while

the monkey performed the free-viewing visual search task (see above). In this

experiment, we analyzed the activity of the neurons during the interval between

the onset of the array and 25 ms after the onset of the first saccade, and

restricted our analyses to only those trials in which the monkey made one

saccade directly to the target.

All data analysis programs were written in Matlab (Mathworks). To examine

the pattern of activity, we calculated spike-density functions by convolving the

spike train, sampled at 1 kHz, with a Gaussian of s 10 ms (ref. 46). The

neuronal response is illustrated as the average of this spike-density trace over

the interval of interest. To create the population data, we took the square root

of every data point from all the spike-density functions for that cell. We then

divided each value by the total mean of the square-rooted values from all the

functions. We used this square-root normalization method to decrease the

effect of outliers47. More detailed analyses were done on actual spike rates taken

from 30- or 50-ms epochs.

Response latencies were calculated using the Poisson fit threshold meth-

od48,49 described in detail previously36. Briefly, we derived a Poisson distribu-

tion from the baseline activity 100 ms before array onset, analyzed in 2-ms bins.

We then set the threshold as the 99th percentile of the Poisson fit. Finally, we

defined the latency as the first of three consecutive 2-ms bins, each of which

contained more spikes than the threshold.
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