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Corrections

EVOLUTION. For the article ‘‘Recombination within natural pop-
ulations of pathogenic bacteria: Short-term empirical estimates
and long-term phylogenetic consequences’’ by Edward J. Feil,
Edward C. Holmes, Debra E. Bessen, Man-Suen Chan, Nicholas
P. J. Day, Mark C. Enright, Richard Goldstein, Derek W. Hood,
Awdhesh Kalia, Catrin E. Moore, Jiaji Zhou, and Brian G.
Spratt, which appeared in number 1, January 2, 2001, of Proc.
Natl. Acad. Sci. USA (98, 182–187), the authors note the
following correction. The heading in Table 1 ‘‘D-ln L of ML
tree’’ should read ‘‘2ln L of ML tree.’’
www.pnas.orgycgiydoiy10.1073ypnas.081087798

GENETICS. For the article ‘‘Disruption of the murine nuclear
factor I-A gene (Nfia) results in perinatal lethality, hydroceph-
alus, and agenesis of the corpus callosum’’ by Liomar das Neves,
Cynthia S. Duchala, Fatima Godinho, Musa A. Haxhiu, Clem-
encia Colmenares, Wendy B. Macklin, Christine E. Campbell,
Kenneth G. Butz, and Richard M. Gronostajski, which ap-
peared in number 21, October 12, 1999, of Proc. Natl. Acad.
Sci. USA (96, 11946–11951), the authors note the following
correction. The name Fatima Godinho is incorrect and should
be Fatima Tolentino-Silva.
www.pnas.orgycgiydoiy10.1073ypnas.081082998

NEUROBIOLOGY. For the article ‘‘Control of eye movements and
spatial attention’’ by Tirin Moore and Mazyar Fallah, which
appeared in number 3, January 30, 2001, of Proc. Natl. Acad. Sci.
USA (98, 1273–1276; First Published January 16, 2001; 10.1073y
pnas.021549498), the authors note the following correction. The
x axis label of Fig. 2b should be in units of mA, as described in
the figure legend.
www.pnas.orgycgiydoiy10.1073ypnas.081087298

PHYSIOLOGY. For the article ‘‘Myoglobin: A scavenger of bioactive
NO’’ by Ulrich Flögel, Marc W. Merx, Axel Gödecke, Ulrich
K. M. Decking, and Jürgen Schrader, which appeared in number
2, January 16, 2001, of Proc. Natl. Acad. Sci. USA (98, 735–740;
First Published January 2, 2001; 10.1073ypnas.011460298), the
authors note the following corrections. On page 736, right
column, 2nd paragraph, line 11, the sentence should read ‘‘For
Bk experiments 4K transients . . .’’ and not ‘‘For 8K experiments
4K transients . . . . .’’ On page 740, left column, ref. 2 should read
‘‘. . . Sci. Am. 205, . . .’’ and not ‘‘. . . Sci. Am. 705, . . . .’’
www.pnas.orgycgiydoiy10.1073ypnas.081083298

PSYCHOLOGY. For the article ‘‘The role of prefrontal cortex and
posterior parietal cortex in task switching’’ by Myeong-Ho Sohn,
Stefan Ursu, John R. Anderson, V. Andrew Stenger, and
Cameron S. Carter, which appeared in number 24, November 21,
2000, of Proc. Natl. Acad. Sci. USA (97, 13448–13453; First
Published November 7, 2000; 10.1073ypnas.240460497), the
authors note the following correction. In Tables 2 and 3, signs
of x coordinates are reversed. The x coordinates of regions
located in the left hemisphere should be negative, and the x
coordinates of the regions in the right hemisphere should be
positive.
www.pnas.orgycgiydoiy10.1073ypnas.081083198

GENETICS. For the article ‘‘Transposon diversity in Arabidopsis
thaliana’’ by Quang Hien Le, Stephen Wright, Zhihui Yu, and
Thomas Bureau, which appeared in number 13, June 20, 2000,
of Proc. Natl. Acad. Sci. USA (97, 7376–7381), the authors note
the following corrections. (i) On page 7376, the following
statement should be appended to the third sentence in Materials
and Methods for more clarity: ‘‘. . . against GenBank entries
released before December 1999.’’ (ii) In Fig. 1 on page 7377, the
nucleotide position on the clone for MULE 6 is 90398 instead
of 90396, and the gi number for Basho 6 is 2828187 instead of
2828134. (iii) In Table 1 on page 7378, ‘‘Number of groups’’ for
Ac-like should be 6 and ‘‘Number of transposons’’ for SINEs
should read 14 instead of 7 and 16, respectively. (iv) Fig. 4C on
page 7379 should be replaced with the panel below. (v) On page
7380, line 5 from the top of the left-hand column, ‘‘MULE
XXIX’’ should read ‘‘MULE XVII.’’
www.pnas.orgycgiydoiy10.1073ypnas.081087498
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The role of prefrontal cortex and posterior parietal
cortex in task switching
Myeong-Ho Sohn†‡, Stefan Ursu§, John R. Anderson†, V. Andrew Stenger¶, and Cameron S. Carteri

*Department of Psychology, Carnegie-Mellon University, Pittsburgh, PA 15213; Departments of §Neuroscience and iPsychiatry, Psychology, and
Neuroscience, University of Pittsburgh, Pittsburgh, PA 15260; and ¶Department of Radiology, University of Pittsburgh Medical School,
Pittsburgh, PA 15213

This contribution is part of the special series of Inaugural Articles by members of the National Academy of Sciences elected on April 27, 1999.

Contributed by John R. Anderson, September 27, 2000

Human ability to switch from one cognitive task to another
involves both endogenous preparation without an external stim-
ulus and exogenous adjustment in response to the external stim-
ulus. In an event-related functional MRI study, participants per-
formed pairs of two tasks that are either the same (task repetition)
or different (task switch) from each other. On half of the trials,
foreknowledge about task repetition or task switch was available.
On the other half, it was not. Endogenous preparation seems to
involve lateral prefrontal cortex (BA 46y45) and posterior parietal
cortex (BA 40). During preparation, higher activation increases in
inferior lateral prefrontal cortex and superior posterior parietal
cortex were associated with foreknowledge than with no fore-
knowledge. Exogenous adjustment seems to involve superior
prefrontal cortex (BA 8) and posterior parietal cortex (BA 39y40) in
general. During a task switch with no foreknowledge, activations
in these areas were relatively higher than during a task repetition
with no foreknowledge. These results suggest that endogenous
preparation and exogenous adjustment for a task switch may be
independent processes involving different brain areas.

Goal-directed human cognitive processes can be character-
ized as the deliberate application of intention to achieve the

currently relevant goal. In doing so, cognitive control is critical,
especially when cognitive resources are limited, and executive
decisions are required regarding when and how to initiate a
certain task or to switch from one task to another. Recently, the
task-switching paradigm has appealed to cognitive psychologists
as a tool to study the role of executive control mechanisms (1–4).
In this paradigm, participants rapidly repeat the same task or
alternate between different tasks. A consistent finding is that
latencies are longer to perform a switched task than to perform
a repeated task, and this deficit is called the switch cost.

The switch cost is remarkably robust even in a situation in
which a participant can supposedly prepare for a task switch,
such as when the identity of the upcoming task is already known
and two tasks are apart from each other with a sufficiently long
time interval (2, 3). With foreknowledge about the upcoming
task, the switch cost was indeed reduced as the time interval
between two tasks increased (2, 3). The reduction of the switch
cost indicates that participants could prepare themselves for the
upcoming task before the stimulus for the task was presented,
the process we call the endogenous preparation. The extent or
the likelihood of endogenous preparation should increase as a
function of time, which facilitates task-switching performance
and reduces the switch cost. However, the cost may not be
completely eliminated even with a very long interval (1–3),
implying that endogenous preparation may not be sufficient but
switching to the new task can only be complete with the
presentation of the external stimulus. We call this process the
exogenous adjustment for a new task, in the sense that the
process is completed on the basis of the external stimulus.

We recently have constructed an ACT-R model of both the
endogenous preparation and the exogenous adjustment (M.-H.S.
and J.R.A., unpublished work). ACT-R (6) is a general theory of

cognition in which one can develop computer simulation models for
various cognitive tasks. With foreknowledge that the upcoming task
will be repeated, the model just maintains its task preparation from
the first task, whereas the model engages in an effort to prepare for
the upcoming trial with foreknowledge of a switch trial. This
preparation involves active retrieval of task relevant knowledge.
Therefore, the model predicts that there will be special preparatory
activity just in the foreknowledge switch condition before the
upcoming task is presented. When there is no foreknowledge of the
upcoming task, the model predicts that participants will have to
expend less effort when repeating the previous task because the
relevant knowledge is primed by the first task. In contrast, in the
switch condition, unprimed knowledge has to be retrieved. There-
fore, the model predicts greater effort in the switch condition with
no foreknowledge during a task switch.

The purpose of the current study is to identify brain regions that
may be responsible for the above two mechanisms of task-
switching—endogenous preparation and exogenous adjustment.
Studies using functional neuroimaging techniques have shown that
the superior posterior parietal cortex (BA 39y40) as well as
dorsolateral prefrontal cortex (BA 9y46) may be related to cogni-
tive control. Dorsolateral prefrontal cortex activates more when
sequences of items have to be held in working memory (7), when
dual task is performed rather than single task (8), when the relevant
task dimension switches (9), or when the to-be-switched task
dimension is cognitively more demanding (10). It also has been
hypothesized that subareas of prefrontal cortex seem to be asso-
ciated with even further specialized functions, such as processing
predictable or unpredictable sequences of tasks (11). Whereas
dorsolateral prefrontal cortex activation is related to relative dif-
ficulty of task demands, superior posterior parietal cortex seems to
be associated with allocating attention in general (12), not neces-
sarily reflecting the task difficulty. In a spatial cueing paradigm,
superior posterior parietal cortex activates more during cueing
period, reflecting that attention is allocated to a cued target location
to prepare for an upcoming target that may appear at the location
(10). The ACT-R model mentioned earlier assumes that endoge-
nous preparation involves retrieval and maintenance of information
on the basis of foreknowledge. Together, superior posterior parietal
cortex and dorsolateral prefrontal cortex may be involved in
endogenous preparation for a task before an actual stimulus is
provided.

The residual switch cost mentioned earlier suggests that, even
when a new task can be prepared endogenously, there may be
exogenous adjustment after the relevant stimulus actually is pre-
sented. Our ACT-R model suggests that the residual switch cost is
caused by extra retrieval of the task-relevant knowledge on arrival

Abbreviation: ROI, region of interest.
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of an exogenous stimulus. Although the task domain is different,
spatial attention studies have shown that inferior posterior parietal
cortex (BA 39) may be associated with redirecting attention after
an actual stimulus is presented to a certain target location. For
example, the ability to detect a target at an unattended spatial
location is seriously compromised after damages in inferior poste-
rior parietal cortex (13). Moreover, inferior posterior parietal
cortex activates more after a target stimulus is actually presented
and even more when the target appears at an unattended location
(12). Based on these results, we expect that inferior posterior
parietal cortex may be involved in the processes specific to per-
forming a task switch compared with a task repetition.

Hence, the predictions of the ACT-R theory are that there will
be special activation in dorsolateral prefrontal cortex and superior
posterior parietal cortex during the preparatory period, especially
in the switch condition with foreknowledge. Also, there should be
greater activation in inferior posterior parietal cortex during a task
switch than during a task repetition with no foreknowledge.

Methods
Behavioral Protocol. To identify the regions associated with endog-
enous preparation and stimulus-dependent exogenous adjustment,
we conducted an event-related functional MRI study. Twelve
healthy right-handed participants (three femaleynine male, aged
18–36 years) completed the study during a functional MRI scan-
ning session, in which they performed a pair of tasks on every trial.
The tasks involved simple classification of letters and digits, and a
response was made by pressing hand-held response buttons (see Fig.
1 for details). The tasks within each pair were either the same (task
repetition) or different (task switch). On half of the blocks, par-
ticipants knew that they would perform task repetition or task
switch, foreknowledge condition, and did not know on the other
half, no-foreknowledge condition (see Table 1).

Functional MRI Procedures. The experiment was administered in 16
scanning blocks consisting of four foreknowledge-repetition,
four foreknowledge-switch, and eight no-foreknowledge blocks.
Each block included eight trials. Foreknowledge and no-
foreknowledge blocks were alternated, so that a foreknowledge-
repetition block and foreknowledge-switch were always sepa-
rated by a no-foreknowledge block. This design helped prevent
confounding effects such as order of presentation or scanner

drift. Participants received standard instructions to respond both
quickly and accurately. The MEL software package was used to
present stimuli and to collect behavioral performance (14).
Participants provided written informed consent in accordance
with the guidelines at the University of Pittsburgh.

Twenty 3.8-mm oblique-axial slices covering most of the fore-
brain were acquired every 3 sec. A 1.5-Tesla General Electric
scanner with a standard head coil acquired all images. Three
T1-weighted scouts (in the axial, coronal, and sagital planes) were
used to localize the ACyPC line. T2*-weighted two-shot spiral scans
(3.8 mm3 voxels, repetition time 5 1,500 ms, echo time 5 34 ms,
flip 5 50°) allowed full image acquisition every 3 sec. Scanning was
synchronized with each trial with six 3-sec scans per trial (see Fig. 2).

Images were realigned by using 12-parameters AIR (15) and then
cross-registered to a common reference brain by minimizing signal
intensity differences, after which functional images were set to a
standard mean intensity, smoothed (8-mm full width half maximum
three-dimensional Gaussian kernel) and pooled across subjects to
improve signal-to-noise ratio. Spatial F-maps were generated by
using ANOVA models that are described later with subjects as a
random factor. Within specified anatomical areas, regions were
identified by thresholding spatial F-maps with the requirement of
six contiguous pixels, P , 5 0.005 to control for type I error (16).
Time series of individual activations were displayed as the average
change from the anchor (see functional MRI results section for
details) of all pixels in the regions identified in the group analysis.
These data were pooled for planned-contrasts and evaluated for
correlations with behavioral data.

Results
Behavioral Performances. A trial was counted as correct when
responses for both task 1 and task 2 were correct. Overall
accuracy was 0.95, and no main effects or interaction was
significant, P . 0.2. For latency, we analyzed only task 2 reaction
times from correct trials. Fig. 3 shows reaction time data.
Reaction times were faster with foreknowledge (1,263 ms) than
with no foreknowledge (1,513 ms), F(1,11) 5 15.89, P , 0.01,
mean square error 5 47273. Also, reaction times were faster with
task repetition (1308 ms) than with task switch (1,468 ms),
F(1,11) 5 47.68, P , 0.0001, mean square error 5 6458. There
was no interaction between foreknowledge and task transition,
P . 0.1. The current result is consistent with the ACT-R model
described earlier with the foreknowledge effect reflecting en-
dogenous preparation and the switch cost reflecting exogenous
adjustment.

Functional MRI Results. Endogenous preparation. In our paradigm,
the endogenous preparation should be reflected in the fore-
knowledge effect, and the exogenous adjustment should be
reflected in the transition effect. Regions involved in the en-
dogenous preparation were identified by using foreknowledge 3
scan interaction with scans 2–4, because this was the preparation

Fig. 1. Taskdescription.Foreachtask,a stimulus consistedofone letterandone
digit. The task to be performed was indicated by the color of the stimulus. For
example, if the color is green, the task is a letter task, which is to decide whether
the presented letter is a consonant or a vowel. If the color is red, the task is a digit
task, which is to decide whether the presented digit is even or odd. The response
was made by pressing one of two buttons (indicated as Z and y) of a hand-held
response glove by using right index and middle fingers. Consonant and even
responses were assigned to one button and vowel and odd responses to another.
The response to button mapping was balanced across participants.

Table 1. An illustration of the foreknowledge manipulation in
experiments 1 and 2

Condition Type of block Task 1 Task 2

Foreknowledge Repetition block Letter Letter
condition Digit Digit

Switch block Digit Letter
Letter Digit

No foreknowledge Mixed block Letter Letter
condition Letter Digit

Digit Letter
Digit Digit
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period during which foreknowledge could have its effect. We
expected that the hemodynamic function caused by preparation
would increase from scan 2 and peak at scan 4. The ANOVA
model used to select regions of interest (ROIs) of foreknowledge
effect was 2 (foreknowledge and no foreknowledge) 3 3 (scans
2–4). The interaction was examined in each voxel, and the
selected regions met the criteria of minimum six contiguous
voxels with significant interaction at P , 5 0.005.

Having identified the ROIs, we performed another ANOVA
to examine whether the percent increase activation of scans 3 and

4 was above or below the anchor (scan 2) and whether these percent
changes are different depending on foreknowledge conditions and
task transitions. The ANOVA model was 3 (scan) 3 2 (foreknowl-
edge and no foreknowledge) 3 2 (repetition and switch). Our
expectation was that because task 1 was performed at the end of
scan 2 (see Fig. 2), scan 2 formed an anchor against which the
subsequent effects of preparing for task 2 could be measured. The
blood oxygenation level-dependent response during scans 3 and 4
would reflect endogenous preparatory processes uncontaminated
by task 2 that occurred only at the end of scan 4.

Table 2 shows the ROIs identified and average F values of
foreknowledge 3 scan interactions of these regions. The coor-
dinates of the voxel with the highest F value in the ROI were
given in terms of Talairach and Tournoux (17) coordinates.
During the preparation period (scans 2–4), left superior poste-
rior parietal cortex (BA 40), right lateral prefrontal cortex (BA
46y45), right temporal areas (BA 22) showed greater increase in
the foreknowledge condition than with no foreknowledge. Ac-
tivation in the motor cortex (BA 1), motoryparietal (BA 2), and
thalamus increased more with no foreknowledge than with
foreknowledge. Activation in the caudate nucleus decreased
more with foreknowledge than with no foreknowledge. It ap-
pears to be that these regions are localized in one hemisphere,
primarily because of the very strict criterion (P , 5 0.005) in
selecting the ROIs analysis. With lower criterion (P , 5 0.05),
many regions we mentioned earlier showed bilateral activations.

Fig. 4 shows percent activation increases in right lateral prefron-
tal cortex (BA 46y45) and left superior posterior parietal cortex
(BA 40) as a function of scan in each condition. In these two areas,
activation increase compared with the anchor was in general greater
with foreknowledge than with no foreknowledge, reflecting endog-
enous preparation. With respect to the right lateral prefrontal
cortex, we conducted a specific contrast to test if the rise was greater
in the foreknowledge switch condition as hypothesized by the
ACT-R model. This contrast compared average of the foreknowl-
edge switch condition during scans 3 and 4 with the average of the
foreknowledge repetition condition. This contrast is significant,
t(11) 5 1.80, P , 0.05, one-tailed test . We also tested whether a
greater rise in activation in the foreknowledge switch condition
predicted faster reaction time. We used a median-split analysis, in
which trials from the same condition were ranked within a block in
the order of the average activation of scans 3 and 4 and were
classified as either lower half or higher half. Median-split analysis
showed that the trials associated with a higher activation in lateral
prefrontal cortex during preparation of switch with foreknowledge
were faster than the trials associated with relatively low activation
in this area, t(11) 5 2.48, P , 0.05, one-tailed test. This was not true
with foreknowledge-repeat but note that there was virtually no
activation change in this condition. This trend was also not signif-
icant with respect to the superior posterior parietal cortex region.

Exogenous adjustment. Regions involved in the exogenous ad-
justment were identified by using transition 3 scan interaction with
scans 5 and 6 of the current trial and scans 1 and 2 of the next trial.
In our paradigm, scan 4 was the time when the task 2 stimulus was
presented, indicating either a task switch or a task repetition.
Therefore, we expected that the hemodynamic function caused by
a task switch would begin to rise at scan 5 and go back to baseline
by scan 2 of the next trial. Because this analysis involves consecutive
two trials, the last trial of each block had to be discarded. The
ANOVA model used to select ROIs of transition effect was 2
(repeat and switch) 3 4 (scans 5, 6, 1, and 2). Selection criterion was
the same as that used for the endogenous preparation. We analyzed
the transition effect separately with foreknowledge and no fore-
knowledge, because, with foreknowledge, differences caused by
repetition versus switch may have been processed already during
the endogenous preparation. In contrast, without foreknowledge,
the difference between repetition and switch can be reflected only
after the task 2 information is available. For exogenous preparation,

Fig. 2. Each trial lasted for 18 sec, and the tasks within a trial were separated
by 5-sec interstimulus interval. Shown is a sequence of events in a trial. Every
trial began with a ‘‘ready’’ signal (5 sec), followed by task 1 stimulus (1 sec),
interstimulus interval (5 sec), task 2 stimulus (1 sec), blank screen (6 sec), then
the next trial began with a new ‘‘ready’’ signal (see Fig. 1). The 16 blocks (eight
trials each), were of three types: foreknowledge-repetition (task 1, not pre-
dictable; task 2, same as task 1, i.e., colors of stimuli were repeated between
task 1 and task 2); foreknowledge-switch (task 1, not predictable; task 2
different from task 1, i.e., color of task 2 always different from that of task 1
stimulus), and no foreknowledge (task repetition and task switch randomly
mixed). The foreknowledge and no-foreknowledge blocks alternated. Before
each block began, participants were instructed on the type of the block, so
that in the foreknowledge block information about task 2 became available
as soon as task 1 stimulus was presented.

Fig. 3. Mean task 2 reaction time.

13450 u www.pnas.org Sohn et al.
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scan 2 of the next trial would serve as an anchor because this is the
point farthest from performing task 2, so that hemodynamic
function caused by performing task 2 will be stabilized as possible.
For the identified ROIs, we tested whether the percent changes of
scans 5, 6, and 1 were above or below the anchor (scan 2) and
whether these changes were different depending on conditions. The
ANOVA model was 4 (scans) 3 2 (repetition and switch). We
expected that the blood oxygenation level-dependent response
during scans 5, 6, and 1, especially with no foreknowledge, would
reflect exogenous adjustment processes uncontaminated by task 2
preparation.

Table 3 shows the ROIs identified and average F values of
transition 3 scan interactions of these regions. With no fore-
knowledge, activation was relatively higher with a task switch
than with a task repetition in superior prefrontal cortex (BA 8),
left posterior parietal cortex (BA 39y40), posterior cingulate
cortex (BA 31), and occipital cortex (BA 19). With foreknowl-
edge, activation was higher with a task repetition than with a task
switch in the posterior cingulate cortex (BA 31) and right
occipital cortex (BA 19).

Fig. 5 shows scan by scan activation changes in right superior
prefrontal cortex and left posterior parietal cortex as a function of
scan and task transition in the no-foreknowledge condition. In these

two regions, the percent activation change against the anchor (scan
2) with a task switch was generally higher than the activation change
with a task repetition during the exogenous adjustment period. In
an analysis not reported here, we examined the activation levels in
the scans that preceded scan 5. This analysis showed that in both
superior prefrontal and left posterior parietal cortices, activation
decreases from scan 2 to scan 4, and this pattern was not different
regardless of a task repetition or a task switch. In the case of the
right superior prefrontal cortex, there was a marked rise from scan
4 to scan 5. As can be seen in Fig. 5, in the case of the left posterior
parietal cortex the functions do not diverge until scan 6. One may
note that the activation level at scan 5 is generally lower compared
with the anchor (scan 2). We suspect that this uprising activation in
the end of a trial may reflect the arousal level for the upcoming trial.
We tested whether the relatively high level of activation in the
no-foreknowledge switch condition predicted reaction time in this
condition. Median-split analysis was done by taking the average of
scans 5 and 6. This analysis showed that the trials associated with
a higher activation in superior prefrontal cortex during perfor-
mance of no-foreknowledge switch were slower than the trials
associated with relatively low activation in this area, t(11) 5 2.44,
P , 0.05, one-tailed test. This was not true with no-foreknowledge
repeat. Also, this trend was not true in posterior parietal cortex.

Table 2. Foreknowledge effects

Regions Size
Maximum F
(average F)

Coordinates*

x y z

Left motoryparietal (BA 2) 12 8.91 (7.82) 54 232 49
Left superior parietal (BA 40) 34 28.36 (12.97) 36 251 41
Left motor (BA 1) 18 11.50 (9.25) 40 216 40
Caudate nucleus 12 11.34 (8.37) 28 3 16
Right thalamus 7 11.33 (8.96) 223 24 11
Right lateral prefrontal cortex (BA 46y45) 17 9.55 (8.18) 253 27 6
Right temporal (BA 22) 10 8.95 (7.66) 253 23 4

Regions that revealed significant foreknowledge (foreknowledge and no foreknowledge) 3 scan (scans 2, 3, and 4) interaction with
criteria of P ,5 0.005, six contiguous voxels.
*Coordinates of voxel with the maximum F.

Fig. 4. Right lateral prefrontal cortex (BA
46y45) and left superior posterior parietal
cortex (BA 40) identified by foreknowledge 3
scan ANOVA with six contiguous voxels, P ,
5 0.005, and the time series of activation
change against scan 2 of the current trial.
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Discussion
The ACT-R model described earlier assumes knowledge re-
trieval as the mechanism for both endogenous preparation and
exogenous adjustment. During preparation, the task-relevant
knowledge is retrieved on the basis of foreknowledge. Similarly,
during exogenous adjustment, the task-relevant knowledge is
retrieved on the basis of the external stimulus. During the
preparation period, maintenance or rehearsal of the retrieved
information is highly important, because the retrieved informa-
tion cannot be yet applied before the task 2 stimulus is presented.
In contrast, during the exogenous adjustment, the retrieved
information can be immediately applied to perform the task,
lowering the maintenance load. Whereas the maintenance load
is lower during exogenous adjustment than preparation, selec-
tion load is higher because attention has to be focused on the
right aspect of the stimulus so that the appropriate information
can be retrieved. Supporting this idea, different areas of pre-
frontal cortex were identified for preparation (BA 46y45) and
exogenous adjustment (BA 8). The inferior part of dorsolateral
prefrontal cortex (BA 46y45) has been regarded as responsible
for maintaining information in working memory (18). However,
it is relatively unknown how the superior prefrontal cortex would
be involved with working memory functions such as retrieving

task relevant information. One possibility is that premotor areas
are involved in selection of one of several (in this case two)
alternative stimulus-response mapping rules. This hypothesis is
on the basis of the observation that the higher activation in the
area was associated with slower reaction times. This suggests that
activity in this region reflected a reaction time cost associated
with conflict between competing stimulus response mappings.

The close connection between different areas of prefrontal
cortex and different processes involved in task switching also has
been established by correlation between activation change and
behavioral performance. In the case of inferior lateral prefrontal
cortex (BA 46y45), higher activation during the preparation
period was associated with faster reaction times for task 2 in the
foreknowledge switch condition. In contrast, higher activation in
superior prefrontal cortex (BA 8) during the switch period was
associated with slower performance for task 2. Note that the
activation in inferior lateral prefrontal cortex (BA 46y45) during
the preparation period is pretask activation, which reflects the
level of preparation for the upcoming task, and the activation in
superior prefrontal cortex (BA 8) during the switch period is
on-task activation, which reflects the current effort put into the
performance of the task. The different pattern of behavioral
correlation also may suggest the preparation-adjustment distinc-
tion. That is, the more prepared a person is for a task as reflected

Fig. 5. Right superior prefrontal cortex (BA
8) and left posterior parietal cortex (BA 39y40)
identified by transition 3 scan ANOVA with six
contiguous voxels in the no-foreknowledge
condition, P , 5 0.005, and the time series of
activation change against scan 2 of the follow-
ing trial.

Table 3. Transition effects

Regions Size
Maximum F
(average F)

Coordinates*

x y z

With foreknowledge
Posterior cingulate (BA 31) 18 6.29 (9.27) 26 222 37
Right occipital (BA 19) 11 6.17 (7.81) 218 261 38

With no foreknowledge
Right superior prefrontal cortex (BA 8) 13 5.78 (6.34) 226 23 43
Left posterior parietal cortex (BA 39y40) 43 6.00 (8.17) 37 272 30
Posterior cingulate (BA 31) 36 6.48 (10.47) 214 252 23
Right occipital (BA 19) 21 7.01 (10.58) 218 269 16

Regions that revealed significant transition (repetition and switch) 3 scan (scans 5, 6, 1, and 2) interaction with criteria of P ,5 0.005,
six contiguous voxels.
*Coordinates of voxel with the maximum F.
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in higher activation in inferior lateral prefrontal cortex (BA
46y45), the faster the performance. However, during perfor-
mance of switch, participants have to select task-relevant infor-
mation against task-irrelevant information. The slower reaction
times may reflect less efficient selection and therefore more
effort in the selection process as reflected in higher activation
during the switch period in superior prefrontal cortex (BA 8).

The idea that dorsolateral prefrontal cortex (BA 46) may be
involved in active maintenance of information that is newly loaded
into working memory is also consistent with the studies using
Wisconsin Card Sorting Test (WCST) or Stroop task. When
performing WCST, frontal lobe patients show greater difficulty
than a normal population in shifting the relevant dimension when
the previously relevant dimension stays as distractor dimension
(19). Also with WCST, the activity in this area seems to increase
with an increase in the number of dimensions shifted (9). Consistent
with this, MacDonald et al. (10) showed that, when performing a
Stroop task, BA 46 activated more when the to-be-attended di-
mension was a difficult one (i.e., color naming) than when it was an
easy one (i.e., word naming). Perhaps, BA 46 may be involved in
actively maintaining the new task-relevant information as well as
discarding the previous task configuration, so that performance
would not be disturbed by the irrelevant task dimension. One has
to be careful, however, to accept our interpretation of results,
because the lateral prefrontal cortex areas we identified are not
exactly the same as the areas found in other studies for similar
functions. For example, the BA 46y45 in the current study is
somewhat inferior to the areas normally attributed to maintaining
items in working memory (18).

In inferior lateral prefrontal cortex, activation increase with
switch foreknowledge was greater than activation increase with
repetition foreknowledge. However, in superior posterior parietal
cortex, there was no difference between repetition and switch
during the preparation period, but only a difference between
foreknowledge and no foreknowledge. This difference in superior
posterior parietal cortex and lateral prefrontal cortex during prep-
aration may indicate that different kinds of endogenous prepara-
tion might be possible. One, involving the lateral prefrontal cortex,
is preparation that is specific to the task that would be performed
in task 2. Another, involving the superior posterior parietal cortex,
is more task-general metastrategy. Note that in the foreknowledge
condition, participants could have two kinds of benefit compared
with the no-foreknowledge condition. One is advance preparation
for task 2 on the basis of foreknowledge, which we argue to be the
source of the foreknowledge benefit. The other is that they could
deal with only one type of task transition in a particular block with
foreknowledge, as opposed to two transitions in a block with no
foreknowledge. To prepare for a repetition, participants need to
simply maintain the current task. In contrast, to prepare for a task
switch, participants need to discard the current one and adopt a new
task. It was a well-established fact that people adopt different
strategies depending on whether the experimental conditions are
blocked or random (5). People can adopt an optimal strategy for
each of experimental conditions, when they are blocked. However,

when the conditions are randomly mixed in a block, people adopt
rather a general strategy that works for all of the conditions even
though it is not optimal for any of the conditions. Therefore, with
a blocked task transition as in the foreknowledge condition, par-
ticipants could apply the same strategy across different trials within
a block, which could not be possible with no foreknowledge.
Because the foreknowledge conditions allows one strategy in one
block, a participant may have been more efficient in managing
attention allocation so that performance would become more
efficient. Perhaps, the superior posterior parietal cortex is involved
in this attention management process.

The different patterns identified within posterior parietal cortex
in relation to task preparation and task performance is somewhat
consistent with findings from spatial attention literature (12).
Different regions of the right posterior parietal cortex have been
known to be responsible for spatial or visual attention. When a
specific spatial location is cued, superior posterior parietal cortex is
activated more than when there are no such cues. However, when
a target is actually presented to the validly or invalidly cued location,
superior posterior parietal cortex does not reveal any differences.
Rather, inferior posterior parietal cortex shows different activation
depending on whether the spatial attention has to retreat from one
location and to be redirected to another location. These results
indicate that voluntary goal-directed attentional shift is different
from involuntary stimulus-dependent attentional shift. In the cur-
rent study, left superior posterior parietal cortex was highly acti-
vated with foreknowledge, indicating that this area may be associ-
ated with endogenous reconfiguration of a task set. However, both
superior and inferior posterior parietal cortex areas were activated
more with a task switch than with a task repetition with no
foreknowledge, indicating that the broader area of posterior pari-
etal cortex may be involved in exogenous adjustment. Although
more research needs to be done to establish a close connection, it
seems that posterior parietal cortex areas found in our study may
be left hemisphere homologues of the voluntaryyinvoluntary spa-
tial attention. That is, superior posterior parietal cortex may be
responsible for endogenous goal-directed preparation for a task set,
and other areas including inferior posterior parietal cortex may be
responsible for stimulus-driven completion of adopting a task set.

In conclusion, the current study showed that endogenous prep-
aration and exogenous adjustment of task switching are indeed
separate processes, serving as sources of switch cost, by identifying
different brain regions that seem to be responsible for these
processes. The results with lateral prefrontal cortex are consistent
with the maintenance hypothesis for BA 46 in the current literature.
Although it is a tentative hypothesis that our task can be viewed as
conceptual homologue of spatial cueing task, the results with
posterior parietal cortex are also consistent with endogenous
orientation and exogenous reorienting in spatial attention.
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