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Abstract We investigated whether macaque monkeys
possess the ability to prepare abstract tasks in advance.
We trained two monkeys to use different stimulus-re-
sponse (S-R) mappings. On each trial, monkeys were first
informed with a visual cue which of two S-R mapping to
use. Following a delay, a visual target was presented to
which they would respond with a left or right button-
press. We manipulated delay time between cue and target
and found that performance was faster and more accurate
with longer delays, suggesting that monkeys used the delay
time to prepare each task in advance.

Keywords Sensory-motor transformation -
Stimulus-response mapping - Task switching

Introduction

Humans can respond to a particular stimulus in accordance
with any number of different task rules, or stimulus-re-
sponse (S-R) mappings. For example, subjects can be in-
structed to raise their right hand if they are presented with
an odd number, and to raise their left hand if they are pre-
sented with an even number. That same subject can then
be instructed to switch to a different S-R mapping, for ex-
ample, raise the right hand if presented with a number
starting with the letter “T”, and otherwise raise the left
hand. The ability to prepare a particular S-R mapping, even
before a target stimulus has been presented, has been stud-
ied in humans using task-switching paradigms (Meiran
1996; Rogers and Monsell 1995; Vandierendonck 2000).
In a task-switching study, a subject is instructed which S-R
mapping to apply at the start of each trial. After a short
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delay, a target is presented, and the subject must respond
as quickly as possible, in accordance with the previously
instructed S-R mapping. A consistent finding is that re-
sponse time depends on the duration of the delay between
the S-R instruction and the stimulus. Humans respond faster
and more accurately with longer delays (Meiran 1996;
Rogers and Monsell 1995).

An important aspect of the task-switching paradigm is
that, during the delay period between the S-R instruction
and the target presentation, the target stimulus is not yet
known. As a result, the delay period cannot be used to pre-
pare a particular response or to anticipate a particular stim-
ulus. Task-switching paradigms were specifically designed
to study the process of abstract task preparation, that is,
preparation for a task in the absence of information about
the particular stimulus or response. Of particular interest
is the neural substrate of task preparation. Psychophysical
and brain imaging studies have been performed in humans
in order to address this issue (Cherkasova et al. 2002;
Dove et al. 2000; Gilbert and Shallice 2002; Kavcic et al.
1999; Konishi 2002; Kramer et al. 1999; Le et al. 1998;
Moulden 1998; Pollmann et al. 2000; Sohn et al. 2000;
Wylie and Allport 2000). Single neuron recording in an an-
imal model would be desirable, though so far there is no
animal model of task-switching, although several studies
have come close to such a model (Eskandar and Assad
1999; Wallis et al. 2001), but see (Stoet and Snyder 2003).

Advance task preparation in animals has been investi-
gated at both behavioral and neurophysiological levels us-
ing paradigms other than task-switching. In match-to-sam-
ple experiments, for example, the appearance of an initial
sample stimulus enables an animal to select a matching
stimulus at a later stage in the trial. Animals could use a
memorization strategy or a preparation strategy to solve
such a task. In particular, the sample stimulus itself could
be stored (retrospective memory), or identifying features
of the anticipated match stimulus could be stored (prospec-
tive memory) (Rainer et al. 1999). Current evidence indi-
cates that animals employ both retrospective and prospec-
tive strategies. The use of a prospective memory strategy
indicates that animals are capable of advance task prepa-
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ration when specific information is available regarding the
upcoming target (Rainer et al. 1999). Similarly, in studies
of foraging, behavior is facilitated when information re-
garding the desired target is available (cf., Pietrewicz and
Kamil 1979; Reid and Shettleworth 1992).

Thus it is clear that animals are able to prepare tasks in
advance when there is concrete knowledge regarding the
upcoming target. We were interested in whether advance
preparation may occur when only abstract information is
available. In humans, this can be illustrated by a verbal
task-switching paradigm. We might instruct subjects to
prepare to respond with either a synonym or an antonym
to the next word they hear. Prior to receiving the impera-
tive stimulus, do humans prepare for either task in a task-
specific manner? Since the instructional cue (“synonym”
or “antonym”) does not constrain what word may subse-
quently be presented, the conventional notion of a prospec-
tive memory strategy does not apply. Subjects may simply
remember the instruction (a retrospective memory strat-
egy), they may prepare for a verbal utterance (a prospec-
tive strategy, but one which is identical in the two tasks),
or they may employ a strategy which results in faster per-
formance on just one of the two tasks (task-specific abstract
task preparation).

In a non-verbal two alternative forced-choice task-
switching paradigm, a strategy which results in faster per-
formance in just one of the two tasks could be described
as preconfiguring circuits involved in selective attention.
While it is clear from many studies that selective attention
can modulate neuronal response to target stimuli, espe-
cially in the posterior parietal cortex, PPC (e.g., Cook and
Maunsell 2002), these studies have focused on what hap-
pens once an imperative stimulus has been delivered, not on
what happens prior to stimulus delivery. Prior to undertak-
ing studies directed at the neural correlates of such advance
preparation, it is advisable to first establish whether or not
advance preparation occurs in an animal model. For this,
the appropriate approach is a behavioral study. We therefore
used a task-switching paradigm to test whether monkeys,
like humans, would show improved performance when they
are given more time to prepare in the time interval after the
instructional cue but before the imperative stimulus.

Experiment 1

Monkeys rapidly performed randomly ordered sequences
of two tasks. Each trial started when the subject touched
the home key (Fig. la). The response buttons then ap-
peared and remained on screen until the end of the trial.
Next, the task cue appeared for 160 ms, followed by a blank
screen for either 10 ms (short delay) or 230 ms (long delay).
Animals therefore had a total of either 170 or 390 ms to
prepare the task. Finally the target stimulus was presented
and the animal had to reach to either the left or right re-
sponse button.

In order to ensure the generality of our results, the two
monkeys performed different tasks (Fig. 1b). Targets for

monkey 1 were colored squares presented near the center
of the screen. The border of each target square was the same
color but a different luminance from the inside of the square.
In task A, the animal was required to discriminate whether
the target square was red or green and to respond by press-
ing the left or right button, respectively. In task B, the an-
imal was required to discriminate whether the luminance
of the outside of the target square was brighter or darker
than the inside, and to respond by pressing the left or right
button, respectively. Monkey 2 responded to colored lines.
In task A, the monkey was, like monkey 1, required to
make a red versus green discrimination. In task B the
monkey had to discriminate whether the line orientation
was horizontal or vertical with a left or right button press.

Because identical sets of stimuli were used in tasks A
and B, and because some stimuli required different re-
sponses in the two tasks, successful performance required
that animals utilize the task cue given at the start of each
trial. Two different strategies can be applied with regard
to the task cue. One strategy is to actively prepare the in-
dicated task during the delay period (Meiran 1996, Rogers
and Monsell 1995). We refer to this as the preparation
strategy. We make no assumptions about the form of this
preparation. In this case, it is not the memory of the cue
per se that is used for performing the task. An alternative
strategy is to merely remember the task cue until the tar-
get stimulus appears. In the memorization strategy, each
cue-target pair is considered as a single stimulus, and that
stimulus is then mapped onto a particular response. In the
memorization strategy, unlike the preparation strategy,
there is no advance task preparation.

To distinguish between a preparation and memory strat-
egy in task switching, we employed a model of information
processing inspired by Sternberg’s stage analysis (Stern-
berg 1969, Sternberg 2001) (Fig. 2). Stage models are based
on the assumption that information processing can be bro-
ken down into serial stages, like sensory encoding, motor
preparation, etc. The overall response time is the sum of
the time needed for the individual stages. (In fact, strict
summation is not required, but the logic of the experiment
is easier to follow with this simplification.) Based on this
model, we expect that a longer delay will lead to better
performance (faster responses and fewer errors) in con-
junction with the preparation strategy but not in conjunc-
tion with the memorization strategy. Only with the prepa-
ration strategy is the delay actually used for processing; in
the memory strategy, the cue is simply stored in memory
during this interval. This suggests that shortening the de-
lay will degrade performance in the preparation strategy
(less time to prepare), while shortening the delay will leave
unchanged or even improve performance in the memory
strategy (less time to forget).

However, at some point the interval between the cue
and target may become so short that additional time is re-
quired to process what has essentially become two simul-
taneous stimuli. We assume that the simple task cues we
employ will require identical amounts of time to encode
and store (an assumption that we test in a separate control
experiment). Therefore, if the memorization strategy is



Fig.1a, b Description of para-
digm. a Schematic view of the
screen, home key, and the
monkey from the rear. Each
trial starts with the presentation
of a task cue (blue or yellow
screen). The cue was followed
by a variable delay period,
which was then followed by
presentation of the target stim-
ulus. The target disappeared as
soon as the animal released its
hand from the home key. On
each trial the monkey touched
either the left or right response
button. b The tasks were dif-
ferent for the two monkeys.
Monkey 1 responded either to a
target color or to target lumi-

nance contrast. Monkey 2 re-
sponded either to target color
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employed, we predict that a shorter delay duration will
have identical effects on performance of the two tasks. In
contrast, if the preparation strategy is employed, shorten-
ing the delay duration is likely to have differential effects
on performance, since the advance preparation required
for each task will by definition be task-specific, and there-
fore unlikely to be identical.

Figure 2 illustrates this point. To begin with, we do not
assume that either advance preparation or performance
time will be identical for the two tasks. We have arbitrar-
ily assigned a longer preparation time to task B, and a
longer performance time to task A. On the one hand, in
the long delay condition (upper panel), both tasks are fully
prepared long before the target appears. Therefore there is
no effect of task preparation time on response time. In-
stead, response time is determined by how long it takes to
perform the previously prepared task. On the other hand,

in the short delay condition, task preparation is still in-
complete when the target appears (lower panel). As a re-
sult, the reaction time measured from target onset is
slowed, but since task B takes longer to prepare, task B is
slowed more than task A.

In contrast, consider the effect of delay in the memo-
rization strategy (not illustrated). Here the unequal prepa-
ration times are replaced by equal memorization times,
and as a result, shortening the delay will always have ex-
actly the same effect on task A as on task B. Thus, differ-
ential effects of delay duration on task performance are
evidence for the preparation strategy, while similar effects
are evidence for the memorization strategy.
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Fig.2 Model of information processing during task-switching par-
adigm. Stages of information processing are task preparation (prepa-
ration) and task performance (performance). It is assumed that these
stages are performed sequentially. It is also assumed that cue iden-
tification takes the same amount of time in the two tasks, while
preparation and performance may differ. (The assumption regard-
ing equal cue processing time is tested in experiment 2; see Figs. 4,
5, 6). The particular stage durations in this figure were chosen ar-
bitrarily to illustrate the principles of the model. With a long enough
delay, the time required to complete the task is independent of the
time required for task preparation. With a short delay, however, the
time required to complete the task will depend on the task prepara-
tion time. As a result, an interaction between Task and Delay on
reaction time (RT) will indicate the presence of task-specific ad-
vance preparation

Methods
Subjects

The subjects were two 4-year-old male macaque monkeys
(Macaca mulatta). Monkeys were water deprived and
worked for liquid rewards during experimental sessions.

Apparatus

Stimulus presentation, trial selection, and data collection
were controlled by computers running custom software.
Data collection took place in a sound-attenuating dark
room. Monkeys were seated within primate chairs (Crist

Instruments, Damascus, Md.), which allowed monkeys to
use their forelimbs.

Stimuli were projected onto a touch sensitive rectangu-
lar screen (3020 cm, Magic Touch, Keytec, Richardson,
Tex.) positioned 25 cm in front of the monkeys. A touch
sensitive (capacitive) button (home key, KI2015FRKG,
Efector, Exton, Pa.) was positioned 2 cm below the screen.
This button functioned as a home key where the left paw
rested until a response was required. The animals could
freely move their forelimb and easily touch the screen.

Stimuli

Two white squares in the left and bottom right corners of
the screen functioned as response buttons and were visi-
ble throughout the entire trial.

Targets for monkey 1 were squares (13.6°) presented
near the center of the screen (Fig. 1b). Target color was
randomly chosen from a large number of different shades
of red and green (e.g., pink, orange, cyan). The border of
each target square (comprising half the total area) was the
same color but a different luminance from the inside of
the square. Targets for monkey 2 were lines, measuring
6.9° in length and 0.7° in width (Fig. 1b). Color was var-
ied as for monkey 1. For both monkeys we added random
variability to the stimuli. We varied color and luminance
for monkey 1, and color and line orientation (£10°) for
monkey 2. Each animal had a total of 104 possible targets.



Procedure

Monkeys were trained using operant conditioning while
they were water deprived. The animals were first trained
to a criterion level of accuracy of 80% on each of the two
tasks separately. After the monkeys had mastered the
tasks individually we interleaved single task blocks of tri-
als and introduced the task cues. We gradually shortened
the cue display time and lengthened the delay between
cue presentation and target stimulus presentation. We also
gradually decreased the size of the blocks until the ani-
mals were able to perform randomly interleaved trials of
both task types. Monkeys 1 and 2 were trained for 21 and
9 months before this study took place, respectively.

Correct responses were rewarded with a drop of water.
The total number of trials is indicated by the degrees of
freedom in the statistical F' tests (n-1; see Results and dis-
cussion). Incorrect responses or key release prior to target
appearance resulted in a bright flash and a 1s time out.
We measured performance by reaction time (RT) and per-
centage of errors (PE). Reaction time began with the ap-
pearance of the target stimulus and ended with the release
of the home key.

Results and discussion

Reaction time and percentage of error were computed as
functions of the experimental factors Task and Delay
(Fig.3). In the RT analysis we excluded data from error
trials and first trials following an error. We analyzed RT
data with a two way analysis of variance (ANOVA) with
the factors Delay (short and long) and Task (A and B). We
analyzed PE with y? tests. We will only report effects that
were statistically significant (with error criterion P<0.05).
We define the benefit of preparation in RT as mean RT in
the short delay condition — mean RT in the long delay
condition. Similarly, the benefit of preparation in PE is
defined as PE in the short delay condition — PE in the
long delay condition.

In the RT data of monkey 1, there was a significant
benefit of long preparation time (42 ms), as indicated by
the main effect of Delay [F(1,715)=157.5, P<0.001]. Re-
sponses in task B were 22 ms faster than in task A, as
shown by the main effect of task [F(1,715)=166.1,
P<0.001]. The benefit of longer advance preparation time
was 32 ms and 52 ms in tasks A and B, respectively, as re-
vealed by the significant interaction between the factors
Task and Delay [F(1,715)=7.5, P<0.01].

The x? analysis of the error data showed that there
were significantly more errors in the short (11.2%) than in
the long (3.4%) delay condition [y? (1)=17.2, P<0.001].

The data of monkey?2 were similar to the data of
monkey 1. There was a significant benefit (6 ms) of long
preparation time, as indicated by the main effect of Delay
[F(1,1183)=11.2, P<0.001]. The effect of Task [F(1,1183)=
142.1, P<0.001] indicated that responses in task B were
18 ms faster than in task A. The benefit of task prepara-
tion was task specific (9 ms in task A and 1 ms in task B),
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Fig.3 Mean RT and percentage of errors (PE) as a function of task
type (A versus B) and Delay (short versus long). Circles indicate
the mean. Error bars would be smaller than the plotting symbols and
are therefore not shown (SEM<6 ms). Reaction time and PE were
significantly decreased with longer preparation time in both mon-
keys and in both tasks (negative slope of all 8 lines; asterisk indi-
cates that the effect is statistically significant). The interaction be-
tween preparation interval and task was significant in RT for both
monkeys (lines are not parallel). This indicates that the processing
that occurred during the preparation interval was task specific

as shown by the significant interaction between Delay and
Task [F(1,1183)=5.6, P<0.05].

The x? analysis of the error data showed that there
were significantly more errors in the short (7.0%) than in
the long (3.8%) delay condition [y? (1)=5.5, P<0.05].

Altogether, both monkeys performed better with the
longer delay. There was an interaction between the factors
Task and Delay. Task preparation would likely require dif-
ferent amounts of time for the two different tasks, result-
ing in exactly such an interaction. Task cue memorization,
on the other hand, would likely require similar amounts of
time for the two different cues, and therefore would not
result in an interaction between Task and Delay. Similarly,
any non-specific effect of the delay would be likely to
have a similar influence on the two tasks, and so would
also not result in an interaction between Task and Delay.
Thus, the presence of an interaction supports a task-spe-
cific preparation strategy, and not a memorization strategy.

Although there was a clear task-specific benefit of
longer delays for both animals, the pattern of those bene-
fits were reversed in monkeys 1 and 2 (Fig. 3). For mon-
key 1, task B benefited more than task A (steeper lines
connect the task B data points than the task A data points
for RT), while the reverse is true for monkey 2. However,
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Fig.4 Enhanced model of information processing during the task-
switching paradigm. Similar to Fig. 2, but with an additional stage
for encoding the sensory cue (S). If S is different for tasks A and B,
then there will be an interaction between the factors Task and De-
lay, even if the actual preparation times (grey boxes) are equal for
both tasks (as illustrated). Thus, differences in sensory encoding
alone can lead to the same predictions as the model illustrated in
Fig.2, in which it was assumed that sensory encoding is equal
among task conditions. Experiment 2 tests whether the findings of
experiment 1 could be due to differences in sensory encoding time S
rather than due to differences in preparation time

the particular tasks were different in the two animals, and
therefore this difference has no bearing on our findings. The
important point is that, in both animals, performance im-
proved with longer delays, and this improvement was task
specific, consistent with an advance preparation strategy.

Experiment 2

In our stage model of the task-switching paradigm (Fig. 2),
we assumed that identification of the two different task cues
(yellow and blue backgrounds) consumed equal amounts
of time. If this is not the case, then the finding of a task-
specific effect of changing delay no longer unequivocally
supports the use of the advance preparation strategy. In-
stead, a short delay may allow enough time for task cue

encoding in one task but not in the other, leading to a longer
response time in just one task. This differential lag would
not occur with a long delay (Fig. 4). Therefore, we tested
whether task-specific effects of changing the delay time
might be due to different times required for sensory pro-
cessing. Only by ruling out this possibility can we conclude
that monkeys are able to prepare tasks in advance.

The most straightforward way to determine the sensory
processing times of the cues would be to train the subjects
on a color discrimination task. Response times for yellow
and blue stimuli could then be directly compared. Unfor-
tunately, such a task might interfere with performance in
the task-switching paradigm, in which yellow and blue
serve as task cues. To avoid confusing the animals, we
chose two alternative ways to establish the contribution of
sensory processing times to the overall RT. We modified
the brightness levels of the task cues for monkey 1 and we
replaced the color task cues with oriented triangles for
monkey 2. If sensory processing times are different for
different types of cues, and if these differences account
for the task-specific effects that we observe, then modify-
ing the physical properties of the cues should change the
pattern of task-specific effects. If, however, sensory pro-
cessing times are relatively similar for the different task
cues, a change in physical properties should not change
the pattern. We tested both monkeys on the same para-
digm, but now with different sets of cues. We will refer to
the second set of cues as cue-set 2.



Methods
Subjects

Same as in experiment 1.

Apparatus and stimuli

We used the same equipment as for experiment 1. Stimuli
were different. For monkey 1, apart from the brightness of
the task cues, all stimulus features were as before. Origi-
nally, the brightness of the yellow and blue task cues were
0.03 cd/m? and 0.10 cd/m?, respectively, as measured with
a Tektronix J17 Luma Color photometer. Now the bright-
ness order was reversed: yellow and blue task cues were
0.11 cd/m? and 0.01 cd/m?, respectively.

For monkey 2 we used equilateral (14.7°) grey triangles,
which pointed either up (task A) or down (task B). We
used longer delays (220 and 610 ms for short and long, re-
spectively). Longer times were necessary in order to achieve
performance comparable to that of using colored task cues.

Design and procedure

Same as in experiment 1.

Results and discussion

In the RT data of monkey 1 (Fig.5), there was a benefit of
preparation of 49 ms, as revealed by the significant effect
of Delay [F(1,1407)=884.0, P<0.001]. The main effect of
Task indicated that task B was performed 20 ms faster than
task A [F(1,1407)=337.7, P<0.001]. The interaction be-
tween Task and Delay [F(1,1407)=12.5, P<0.001] showed
that the effect of advance preparation was task dependent.
The benefit of long preparation was 44 ms in task A and
55 ms in task B.

We also found a benefit of preparation in the error data
of 13% [effect of Delay was significant, > (1)=105.6,
P<0.001]. Task B was performed more accurately than
task A (benefit of 2.2%), as revealed by the effect of Task
[x* (1)=4.3, P<0.05]. The interaction between Delay and
Task [y*> (3)=11.6, P<0.001] shows that the benefit of
preparation was task specific (20% and 4% in tasks A and
B, respectively).

In the RT data of monkey 2 (Fig. 5), we found a signif-
icant main effect of Delay [F(1,1127)=88.8, P < 0.001],
showing a benefit of preparation of 18 ms. We found a sig-
nificant main effect of Task [F(1,1127)=174.8, P<0.001],
indicating an advantage of task B over task A of 25ms.
There was a significant interaction between Task and De-
lay [F(1,1127)=21.8, P<0.001], revealing a task specific
benefit of preparation (27 ms in task A and 9ms in B).
There were no significant effects in the error data.

In Fig.6 we show the benefit of longer preparation
times for both tasks and both cue-sets (i.e., results from

127

400 k
m o
£ 380 ok wsk A
(0]
g 30+ o Task A ° — o
= 340 4 Task B
o o]
% 3204 TaskB
8§ 300 - °
o
20 o %k

154 Task A
2
TQ’ 10 Task A
e o °
e L g=—_ _
e Task B Task B

0 [e]

short long short long
Monkey 1 Monkey 2

Fig.5 Mean RT and PE as a function of task type and advance
preparation interval with altered task cues. Circles indicate the mean.
Error bars would be smaller than the plotting symbols (<3 ms). Re-
sults are similar for both sets of cues. RT and PE decreased with
longer preparation time (asterisk indicates statistical significance),
and the interaction between preparation time and task was significant,
indicating that the benefit of preparation time was task-dependent

experiments 1 and 2 combined). The data points in this
figure represent the mean benefit of longer preparation
time. Despite the physical differences of the task cues, the
relative relationship between the benefits in the two tasks
is the same for both cue-sets and for both monkeys. (This
can be seen by the fact that in no case do the task A and
task B lines cross one another). This indicates that the task
specific benefits of task type are better explained by dif-
ferences in advance preparation rather than by differences
in the physical properties of the cues.

General discussion

The current results provide evidence that monkeys are
able to prepare tasks in advance in an abstract way. Mon-
keys responded to a target in accordance with a previously
cued task. Responses were faster when the animals were
given more time to prepare the task, that is, when there
was a longer delay between the task cue and the target.
The benefit of longer preparation time was different for
the two tasks that each monkey performed. Thus, the ben-
efit of longer preparation time was task specific.

The fact that the benefit of longer preparation time is
task-specific is critical for showing that monkeys can pre-
pare a task in advance when only abstract information is
available. In humans, we rely on introspection to tell us
that we prepare tasks in advance. In monkeys, hard evi-
dence is required. Merely showing a benefit of longer
cue-target intervals is not sufficient. For example, allow-
ing a subject more time to perceive which task cue has
been presented can result in a benefit that is unrelated to
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Fig. 6 Benefits of long versus
short delay in RT and PE. Data
are shown for each monkey,
task type and cue-set. The ben-
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advance task preparation. However, the finding of a rask-
specific benefit of increased preparation time is good evi-
dence that monkeys actually use the task cue in order to
actively prepare the upcoming task.

Previous work in macaque monkeys has shown that
animals can learn to respond to similar targets in different
ways. For example, monkeys can be trained to make an
eye movement to a peripheral target as soon as it appears,
or to withhold the movement until a particular signal is
given. Animals can switch back and forth between per-
forming the two different behaviors. However, no ad-
vance preparation occurs. Instead, animals learn to switch
from one task state to another in response to not being re-
warded for a particular behavior (e.g., Bushnell et al.
1981) or in response to instructional trials in which the
stimuli are markedly changed (e.g., Eskandar and Assad
1999). In other studies, animals have been trained to apply
one of two different rules to a stimulus; for example,
“match/no-match” (Wallis et al. 2001). In these cases,
however, there is no behavioral evidence that advance
preparation occurs. In theory, animals could solve such
tasks by merely storing the task cue, and waiting until the
imperative stimulus appears before actually interpreting
the cue.

Neurophysiological experiments have provided the best
evidence for advance task preparation, but this evidence
has not been conclusive. A simple case of advance task
preparation occurs in the premotor cortex, where activity
is correlated with a particular upcoming movement (Wise
et al. 1983). This is referred to as “motor set.” A similar

activity can be found in the PPC, where many neurons are
activated specifically during the preparation of either an
upcoming eye or arm movement (Snyder et al. 1997). Be-
cause the PPC is not generally considered a premotor
structure, these signals have been referred to as “motor in-
tention” rather than “motor set” (Mazzoni et al. 1996).
However, these examples of advance planning fall short
of the ability to instantiate a particular sensory-motor map-
ping prior to receipt of the imperative stimulus. Instead,
they merely reflect the animal’s ability to plan a fully spec-
ified action in advance.

It has recently been shown that motor intention signals
can occur in the PPC even in the complete absence of a
spatial goal (Calton et al. 2002). Neurons in the parietal
reach region reflect the plan to make an arm movement to
the very next target to appear, while neurons in the lateral
intraparietal area reflect the plan to make an eye move-
ment to the very next target to appear. These intention ac-
tivities are not merely memories of the instructions them-
selves, since they occur in locations that have previously
been shown to be specifically related to either eye or arm
movements (Snyder et al. 1997). Thus, this non-spatial in-
tention activity is abstracted both from the particular in-
struction as well as from any specific motor plan. Here
again, however, a neural correlate of the animal’s ability
to plan a partially specified action in advance falls short of
the ability to instantiate a particular sensory-motor map-
ping in advance.

Two studies have demonstrated that neuronal activity
in the dorsal lateral prefrontal cortex is correlated with a



particular abstract task rule (Asaad et al. 2000; Wallis et
al. 2001). The study by Wallis and colleagues is especially
relevant. Monkeys were presented with a sample stimulus
and instructed to perform either a match to sample task or
a non-match to sample task. In the interval prior to seeing
the potential match target, the activity of many cells was
correlated with the particular rule (match or non-match)
that had been instructed. This correlation occurred when
the rule was cued using either of two very different cue
sets. Thus, these neurons encode an abstract task rule, at
least when presented in conjunction with a particular
stimulus. However, this study still leaves open whether or
not the animals derived any benefit from this encoding. It
is unclear whether this activity reflects a process by which
animals actively prepare for an upcoming task, in such a
way as to gain an advantage compared to a state in which
they have not prepared.

Until now we have avoided any specific mechanistic
interpretations of our findings, and instead have used only
the generic term “advance preparation” to describe what
we believe our results indicate. Our study was designed to
determine whether or not some form of abstract task prepa-
ration occurred, and not to characterize that preparation.
The data do allow us, however, to argue against non-spe-
cific mechanisms as the source of the improvement in per-
formance. For example, one might imagine that longer
preparation periods allow a build-up analogous to the pro-
gressive compression of a spring — the longer the interval
until release, the faster the response. By definition, how-
ever, a non-specific mechanism would not be expected to
result in a relative difference in performance on the differ-
ence tasks. A similar argument applies to the idea that
longer delay periods may reduce interference between the
instructional cue and the stimulus.

The current study provides evidence that monkeys do
in fact derive a benefit from a longer delay between task
instruction and target stimulus. Since this benefit is task de-
pendent in both monkeys, we conclude that they are able to
prepare tasks in advance. Much human behavior depends
critically on just this ability. An exciting question is where
and how task encoding is implemented in the brain. The
single unit studies just described have implicated the dor-
solateral prefrontal cortex. Brain imaging studies in hu-
mans have suggested that not only the prefrontal but also
posterior parietal areas are active during task preparation
(Dove et al. 2000; Pollmann et al. 2000; Sohn et al. 2000).
We believe that chronometric behavioral data of the sort
described in the current study, in conjunction with single
unit recording, will be instrumental in elucidating the rel-
ative roles of parietal and frontal areas in advance task
preparation.
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