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What is odd in the oddball task?
Prefrontal cortex is activated by dynamic changes in response strategy
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Abstract

In the “oddball” target detection task, subjects respond to target stimuli that occur infrequently and irregularly within a series of standard
stimuli. Although detection of these targets reliably evokes transient activity in prefrontal cortical regions, it has not been established
whether this activity is due to selection of an infrequent response or to changes in response strategy. We investigated this issue using a
novel variant of the oddball task that incorporated the Simon effect, while measuring hemodynamic brain activity in prefrontal cortex
using functional magnetic resonance imaging (fMRI). Subjects viewed a series of circles and squares that required left and right button
presses, respectively. On 90% of trials (“standard” trials), the stimuli were presented in the same visual hemifield as the hand of response,
but on 10% of trials (“strategy-change” trials) they were presented in the opposite visual hemifield. Significant activation to the infrequent
strategy-change trials was found in the anterior middle frontal gyrus (MFG), the posterior inferior frontal gyrus (IFG) and adjacent insular
cortex, and in the anterior cingulate gyrus (ACG). These regions, which correspond to previous reports of oddball-related activation, were
consistent across subjects. Behavioral results supported our interpretation that subjects potentiated a position-based response strateg
which was inhibited on the strategy-change trials. Activity within the MFG and ACG was much greater on error trials than on correct trials,
while IFG activity was similar between error and correct trials. We conclude that the dorsolateral prefrontal cortex (dIPFC) is associated
with dynamic changes in the mapping of stimuli to responses (e.g. response strategies), independently of any changes in behavior.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction Detection of a target elicits systematic fMRI activa-
tion in prefrontal and parietal cortice€4sey et al., 2001
Detection of an infrequent target stimulus evokes Clark, Fannon, Lai, & Benson, 2001; Clark, Fannon, Lai,
widespread neural activity that is reflected in both elec- Benson, & Bauer, 2000; Kirino, Belger, Goldman-Rakic, &
trophysiological and hemodynamic measures. In the com- McCarthy, 2000Linden et al., 1999McCarthy, Luby, Gore,
monly used “oddball” paradigm, subjects identify infrequent & Goldman-Rakic, 1997; Stevens, Skudlarski, Gatenby, &
“target” stimuli within a series of rapidly presented Gore, 2000; Strange, Henson, Friston, & Dolan, 20@&-
“standard” stimuli. For example, in a visual oddball task, cause the prefrontal cortex (PFC) activation, like that mea-
there might be a 95% chance for a square to be presentedured electrophysiologicallpaffner et al., 2000Desmedt,
and a 5% chance for a circle. When the targets (e.g. circles)Debecker, & Manil, 1965 Picton, 1992 Sutton, Braren,
appear, the subject must make a response, such as pressingubin, & John, 196} appears to be insensitive to stimulus
a button or updating a mental count. The oddball task and modality or method of respondinditino et al., 2000,
its variants have been used in more than 1000 publishedthese regions have been associated with context-dependent
electrophysiological studiesHerrmann & Knight, 2001; control of behavior, consistent with evidence from other
Picton, 1992, and recent studies have adopted the oddball experimental designKgight & Grabowecky, 2000; Miller
design within event-related functional magnetic resonance & Cohen, 200). However, the oddball task, like any
imaging (fMRI). This popularity is a direct result of its other complex paradigm, likely evokes activation in a
success in evoking robust and reliable phenomena that havenetwork of brain regions representing various cognitive
been used as markers of cognitive functi®olich, 1999. components of the task. Thus, despite the oddball task’s
surface simplicity, the particular cognitive processes per-
" Corresponding author. Tek:1-919-681-9527; faxs1-919-681-7033.  formed by the active prefrontal cortex regions are not well
E-mail address:scott.huettel@duke.edu (S.A. Huettel). established.
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One possible model for PFC function in the oddball task by the Simon effect§imon & Small, 1969 we hypothe-
is that it selects among possible responses. When a new resized that a “position” response strategy would be potenti-
sponse is required, as to the target stimuli, PFC must inhibit ated. But, when the stimuli were presented oppositely from
the previous response and select the correct new one. Butthe required response hand (e.g. a circle on the right), we ex-
when a subject makes the same response repeatedly, as to thgected that subjects would inhibit the position strategy and
standard stimuli, that action becomes efficiently coded and change to the correct “shape” strategy. Thus, the infrequent,
can be made in the absence of prefrontal control. A secondodd events in the current design are not response-change
model contends that PFC accesses, inhibits, or changes betrials, but strategy-change trials.
havioral strategies, instead of behavior itself. In any experi-
mental task, subjects form response strategies based upon the
expected pattern of stimuli and required responses. For the2. Materials and methods
oddball design task, because most stimuli are non-targets,
subjects predict that non-targets are likely and thus set up a2.1. Subjects
response strategy that is biased toward them. When a target
occurs, the subjects must inhibit this response strategy so The subject sample consisted of 15 healthy adults fage
that they can correctly respond to the target. 23+ 8 years; 8 females, 7 males). No participant reported
These two possibilities are indistinguishable in the canon- any history of neurological injury or disease. Participants
ical oddball design because the infrequent target stimulusprovided written informed consent in accordance with the
is (by definition) associated with a similarly infrequent re- policies of the Duke University Institutional Review Board.
sponse. Every time a target appears, it not only requires inhi-
bition of the previous response, if any, and initiation of anew 2.2. Experimental task
response, but also requires inhibition of any biasing strategy
induced by its infrequency. However, these concepts are not The experimental task required subjects to classify rapidly
inexorably confounded, as manipulation of response strategypresented stimuli on the basis of their shape Egel). On
independent of response changes, would allow them to beeach trial, a single circle or square was presented for 500 ms.
distinguished. If response strategy changes evoked no dIPFCThe shapes subtended abotb8visual angle (absolute size:
activation when unassociated with a response change, them-2.5 cm; distance from eyes:50 cm), and were presented
the first possibility would be supported. If response-strategy either on the left or the right side of the screen, ab6it@m
changes evoked dIPFC activation, even when not contingentfixation. Consecutive stimuli were separated by a 3000 ms
upon response changes, then the second possibility wouldstimulus-onset asynchrony. Each experimental run consisted
be supported. of 122 stimuli (about 6 min), and subjects participated in
We modified the standard oddball design to answer this between 8 and 10 runs (mean 9.33).
question: are response changes necessary for evocation of The task required subjects to press a button with the left
dIPFC activation? Two stimuli, a circle and a square, were hand when a circle was presented and to press a button
presented one at a time over many trials, requiring left and with the right hand when a square was presented. Subjects
right button presses respectively. On most trials, the stimuli were instructed to respond as quickly as possible while
were presented on the same side of fixation as the hand of themaintaining a low error rate. On 90% of the experimental
response. Since response time is facilitated when stimulustrials, the stimuli were presented on the same side of the
position is compatible with response hand, as demonstratedscreen as the hand of response. We refer to these trials

‘H||®: g E -H| ||| ||e- -l
Standard Trials (90%) Strategy-Change
Trial (10%)
— Stimulus Duration: 500 ms
—_— Stimulus Onset Asynchrony: 3000 ms

Fig. 1. A schematic representation of the experimental design. On each trial, subjects pressed a left-hand button if a circle was presentedhand a right
button if a square was presented. On standard trials (90%), the shapes were presented on the same side of the display as the hand of the response,
on strategy-change trials (10%), the shapes were presented on the opposite side of the display. Each stimulus was presented for 500 ms, dnd the inter
between stimuli was 3000 ms onset-to-onset.
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as “standard” trials. However, on 10% of the trials, the (slice centers: 10 mm through 45mm anterior to the AC).
stimuli were presented on the opposite side of the screenThen, two-dimensional rotation and scaling were used to
as the hand of the response. We refer to these trials asmap each slice in each subject to the corresponding slice
“strategy-change” trials, because they require subjects toof the reference image. This procedure takes advantage of
inhibit use of a position-based strategy and to employ a the fact that all subjects’ data were acquired perpendicular
shape-based strategy. Circles and squares were presentad the AC—PC line, so that effective coregistration can be
equally often, and the order of stimuli was randomized performed even on this partial-brain imaging volume.
across trials. On average, there were 117 strategy-change tri- Random-effects analyses were performed to identify vox-
als per subject. The mean interval between successive stratels with significant activation across subjects. At each voxel,

egy change trials was 9.3 stimuli (S.D. 9.0 stimuli). the t values of the correlation coefficient across subjects
were used as dependent measures of effect size, ateba
2.3. Acquisition of fMRI data was conducted on thogevalues. We set the significance

threshold, for differences from a distribution of mean zero,

Functional images encompassing PFC were acquired usto P < 0.01. All regions of activity discussed below passed
ing T2*-weighted echoplanar MRI (TR, 1000 ms; TE, 40 ms; a cluster-size threshold of four functional voxels. This anal-
flip angle, 82; voxel size, 3.75mmx 3.75mm x 5mm) ysis allows generalization of the current results to the pop-
on a GE NV/i 1.5T scanner (General Electric Medical ulation from which our subject sample was drawn.
Systems, Waukesha, WI). The images were sensitive to
blood-oxygenation-level dependent (BOLD) contrast. To
sample brain activity at the high temporal resolution neces- 3. Results
sary to fully characterize the fMRI hemodynamic response,
our imaging volume was restricted to 12 5-mm slices, cho- 3.1. Behavior
sen perpendicular to the line connecting the anterior and
posterior commissures (AC and PC). We focused on PFC  Response time and percentage of correct responses were
because of previous research implicating it in the processingcompared across all trial types (s&éy. 2). Responses
of infrequent target stimuli. Due to the constraints upon our were not recorded for one subject due to an equipment
imaging volume, no fMRI data were recorded from parietal, failure, and all behavioral analyses use the remaining 14
temporal, or occipital cortices. High-resolution T1-weighted subjects. Subjects were more accurate to standard trials than
spin-echo images were acquired at the same slice locationgo strategy-change trials (97% versus 8144;3) = 5.89;

to aid in anatomical comparisons across subjects. P < 0.00001), and this effect was present for every subject
both for circles and for squares. When responding cor-
2.4. Analysis rectly, subjects responded faster to standard trials than to

strategy-change trials (481 ms versus 6111(k3) > 15.0;

Our experimental analyses examined changes in brain P < 0.00001), and this effect was also present for all sub-
activation associated with the infrequent strategy-changejects both for circles and for squares. But, when subjects
events. Data were initially corrected for order of acquisi- made errors, their response times were slower to standard
tion within a TR using spline interpolation (custom MAT- trials than to strategy-change trials (650 ms versus 431 ms;
LAB functions). Then, epochs were identified around each #(9) = 4.62; P < 0.001), and this effect was present for all
strategy-change trial that consisted of 19 time points, from but one subject. We additionally analyzed strategy-change
5 time points before the trial through 13 time points af- trials as a function of whether a response change was re-
terward. For each subject, these epochs were excised fronquired from the previous trial. Error rates did not differ
the overall stimulus sequence and an averaged epoch waketween response changes and response repetitions (80%
created. Active voxels were identified by correlating the versus 82%;(13) = 0.31; P > 0.10). Nor were there
averaged epoch response of each voxel to an empiricalany differences in response time, whether across all trials
reference waveformHuettel & McCarthy, 2000 The sig- (539 ms versus 517 mg;13) = 1.51; P > 0.10), for correct
nificance of the correlation was evaluated at each voxel responses (613 ms versus 608 mi&3) = 0.63; P > 0.10),
by t-test. As a control comparison, we conducted a similar or for incorrect responses (449 ms versus 427tist) =
analysis that identified epochs around an equal number 0f1.01; P > 0.10).
randomly selected standard stimuli. There were no significant differences between responses

For comparison of activation across subjects, we aligned to the circles (left button press) and the squares (right but-
all subjects’ data to a reference brain image from one of ton press) either in response timél@3) = 0.60; P > 0.10)
the experimental subjects using custom MATLAB functions. or error rate {(13) = 1.32; P > 0.10). There were also
Initial translation by hand matched gross anatomy acrossno significant differences between the stimuli for response
subjects, so that all subjects had the same anatomical featuresme to correct standard trials({3) = 0.37; P > 0.10)
in the same slices. Eight slices were common across allor for response time to incorrect strategy-change trials
subjects, so all further analyses report data from these sliceq7(10) = 0.41; P > 0.10), which were both associated
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Fig. 2. Effects of trial type upon response time and accuracy. Response time is shownyesxithieand percentage of responses is shown at the bottom
of each column. The error bars reflect the standard error of the mean for each trial type. On standard trials, response time was faster for cee®ct respon
than for incorrect responses, while on strategy-change trials response time was faster for incorrect responses than for correct responses.

with the frequent response strategy. However, right-button- left-handed, more specific interpretations will require future
press responses were significantly faster than left-button-study.

press responses for both correct strategy-change trials

(r(13) = 2.71; P < 0.05) and incorrect standard trials 3.2. fMRI

(t(7) = 2.86; P < 0.05), both of which were associated

with response changes from the standard strategy. Given Significant activation to trials requiring a change in re-
that a majority of our sample was right handed, these resultssponse strategy was found across subjects in three primary
were consistent with the idea that subjects more readily regions within prefrontal cortex: the anterior middle frontal
shift to a dominant-hand response than to a non-dominant-gyrus (MFG), the posterior inferior frontal gyrus and insula
hand response. However, as the reverse effect was not ob{IFG/INS), and the anterior cingulate gyrus (ACG). The
served in any of the three subjects who reported being pattern of activation observed is shownHig. 3. Anterior

+45mm +40mm +30mm

Fig. 3. The pattern of fMRI activation evoked by strategy change trials. Shown are coronal slices through prefrontal cortex, with an activation overl
indicating areas with significant activation to the strategy change trials as indicated by the random effects analysis (see text for details3. All sli
are presented in radiologic convention. Readily apparent are bilateral activation foci in the anterior middle frontal gyrus, the posteridrantatio
gyrus/insula, and the anterior cingulate gyrus. Additional smaller foci were identified in the putamen and in the medial frontal gyrus.
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MFG activation was observed bilaterally, although there was ACG, posterior IFG, and anterior MFG, as observed across
a right-hemisphere bias in the spatial extent of activation. all trials, as well as a new focus of activity in right posterior
Maximal significance values were observed at 35 mm (left MFG (+10 mm) that was not present when all trials were
hemisphere) and 40 mm (right hemisphere) anterior to the considered. For each region examined, the peak amplitude
AC. Posterior IFG activation was also found bilaterally, with of activity was significantly greatet-(ests; allP = 0.01)
more active voxels in the right hemisphere than the left, and for incorrect trials compared to correct trials. The foci of
with maximal significance values observed around 15 mm activity in the putamen and medial frontal gyrus were both
anterior to the AC for both hemispheres. The ACG was an- evident when examining the incorrect trials, and the puta-
alyzed as a single midline region, as there were no apparentmen activity was also present for correct trials.

laterality effects, and maximal significance was observed We additionally evaluated whether there were differences
around 15 mm anterior to the AC. in activity for strategy-change trials depending upon whether

Beside these three primary areas of activation, contiguousthey required a response change from the previous trial. For
clusters of more than four active voxels were identified in example, if a circle on the left was followed by a circle on
only two regions: the putamer-00 mm) and medial frontal  the right, subjects must change the response strategy but not
gyrus ¢+25mm), both in the right hemisphere. Lowering the response. However, if a circle on the left was followed
the alpha threshold to 0.05 revealed no additional areas ofby a square on the left, both the response strategy and the
activation, and the putamen and medial frontal gyrus acti- response must change. As for the behavioral data, response
vations were clearly evident and remained lateralized at thechanges had little effect upon the results. The same three
lower threshold. regions (aMFG, pIFG, and ACG) active in the combined

Examination of a similar analysis of standard trials re- data were active regardless of whether a response change
vealed no voxels with significant activity in any of the re- was required. A ROl analysis verified that previous response
gions that showed significant activity to the strategy-change did not significantly affect peak hemodynamic amplitude
targets. However, there was a semi-circle of significant within any region {-tests; allP > 0.05). It is interesting to
activity in ventral orbitofrontal cortex within the area of note that clear activity in the right putamen was observed for
susceptibility-induced signal loss on the functional images. strategy-change trials on which the response repeated from
To verify that this activity was an artifact of the high vari- the previous trial, but not for response changes. No medial
ability in that region, we re-ran the control analysis on frontal gyrus activity was observed in either condition.

a second set of randomly selected standard trials. In the In summary, infrequent stimuli that require a different re-
second control analysis, there were no groups of signifi- sponse strategy than used on standard stimuli evoke transient
cant voxels that passed the cluster-size threshold anywherectivity in regions within frontal cortex, including the ante-
within the imaging volume. We therefore conclude that rior MFG, the posterior IFG, and the ACG. Though activity
strategy change trials, but not standard trials, evoke activity in these regions is observed regardless of whether the sub-
within the set of prefrontal regions shown fiig. 3. ject responds correctly, hemodynamic amplitude is greater

To investigate consistencies in this pattern of activation on error trials. The activity in these regions does not depend,
across subjects, we investigated whether each subject exhowever, on whether a response change is required from the
hibited significant activation in three regions of interest previous trial.

(ROIs): anterior MFG, posterior IFG/INS, and ACG. The

random-effects group analysis was used as a logical mask

to determine the boundaries of the ROIs. The significance 4. Discussion

threshold for each subject was setrat 2.57 (P < 0.01).

For the anterior MFG ROI, a cluster of significant voxels  The current study provides strong evidence that the odd-
was found in 13 of 15 subjects (9 bilateral, 2 left-only, 2 ball effect observed in prefrontal cortex does not require one
right-only). Likewise, in the posterior IFG ROI, significant behavioral response to be executed more frequently than an-
activation was found in 13 of 15 subjects (8 bilateral, 5 other. Instead, the standard pattern of prefrontal activity can
right-only). For the ACG, significant activation was found be evoked by an infrequent event that requires a different
in 10 of 15 subjects. stimulus-response mapping than used for standard trials.

To investigate the potential contribution of error process-  The behavioral results confirmed that response-strategy
ing to the observed activation pattern, we separated thechanges occurred independently of response changes. Al-
strategy-change trials according to whether the subject re-though the infrequent strategy-change trials did not differ in
sponded correctly or incorrectly, and repeated the abovetheir response requirements from standard trials, they signif-
analyses for each response independently. When only cor-icantly affected subjects’ behavior. The measured difference
rect trials were examined, significant activity was found in in response time between standard and strategy-change trials
the posterior IFG bilaterally. Activity in the anterior MFG  (about 135ms) was similar in magnitude to the difference
and ACG, though present, was greatly reduced in spatial ex-between standard and target trials as reported in previous
tent compared to analysis of all trials. When only incorrect oddball tasks Kirino et al., 2000, and the preceding re-
trials were examined, there was significant activity in the sponse had no effect on response time to the strategy-change
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trials. Furthermore, the pattern of response times across conpreceding response. Similar putamen activity has been found
ditions indicates that subjects formed a preferential responsefor violations of a temporal patterrH(ettel et al., 200R
strategy that was inhibited on strategy-change trials. For More difficult to interpret is the suggestion of medial frontal
standards, correct responses were much faster than incorreajyrus activity to strategy-change trials. We note that the su-
responses, but on strategy-change trials, incorrect responseperior portion of the medial frontal gyrus lies adjacent to the
were faster, suggesting that inhibiting the frequent responsesagittal sinus, which is the major draining vein for the su-
strategy required additional processing time. Of note is the perior cerebrum. Since the BOLD signal measured in fMRI
finding that response time was shorter for correct responsesdepends largely on venous changes (and secondarily on lo-
to standard than for incorrect responses. Such aresultis atyp€al capillary changes), apparent neuronal activity may be
ical, in that errors in discrimination tasks are usually associ- mislocalized to distal veins. Further studies using methods
ated with very rapid responding (e.g. before the stimulus hasless sensitive to venous drainage could be useful in evaluat-
been correctly identified). One possible explanation is that ing activity in this region.
on the error trials, subjects failed to use position informa-
tion and instead attempted to use the shape information. As4.1. Selection processes in PFC
identifying shape would be more difficult than responding
based on the very different positions, a shape-discrimination It is important to recognize that for this experimental task,
strategy would be slower and more error-prone (for trials like the standard oddball paradigm, the subject’s response
where position gives correct information). strategy is underdetermined and may change over trials.
The fMRI results, in turn, demonstrated that the activa- On each trial, there are two forms of evidence to which
tion pattern in PFC for changes in response strategy is sim-the subject may attend: shape and position. Both are highly
ilar to that previously identified in standard oddball designs predictive of the correct response, even though on 10% of
for changes in responses. Kirino and colleagues found thattrials position provides incorrect information. So, for sub-
detection of infrequent targets evoked bilateral activation in jects to maximize both speed and accuracy of processing,
the anterior MFG and posterior IFG, with stronger activa- they must monitor both stimulus dimensions and adjust their
tion in the right hemisphere, in the same slice locations as response strategy over trials. While our results demonstrate
found in the present studirino et al., 2000. However, transient prefrontal activity associated with the infrequent
no activation was reported in the ACG, which was strongly stimulus-response mapping, it cannot be established from
activated in the present study. Similarly, other fMRI stud- these data alone whether such activity results from selection
ies using the oddball task have consistently reported MFG of the appropriate strategy before responding, from detec-
activation Casey et al., 2001; Clark et al., 2000, 2001; tion and recognition of the infrequent mapping during the
McCarthy et al., 1997; Stevens et al., 2D0While cin- trial, or from changes in expectation following the response.
gulate activation has been reported in some, but not all, One possible summary framework is that the prefrontal
studies Clark et al., 2000 Menon, Ford, Lim, Glover, & cortex is responsible for adjustment of behavioral strate-
Pfefferbaum, 1997Stevens et al., 2000The presence of gies based on new information, which could be provided
ACG activation is consistent with the resolution of response by an unexpected stimulus or by top—down evaluation of
conflict processes, with which the ACG has been associatedresponse errorsMiller, 2000). We note that the analysis
in many studies NlacDonald, Cohen, Stenger, & Carter, of error trials revealed that they evoke activity within the
200Q Turken & Swick, 1999 We have previously shown same set of regions as active on correct trials. The cingu-
that these regions are active when subjects must changdate gyrus, in particular, has been shown to play a critical
from a potentiated response to a non-potentiated responsetole in error detectionGarter et al., 1998iehl, Liddle, &
independently of whether that inhibition results in a re- Hopfinger, 200), and has been implicated within models
sponse change or a response repetitidnettel, Mack, & for PFC function as important for integrating feedback in-
McCarthy, 2002 In that earlier study, PFC activity was formation into plans for behavioMiller & Cohen, 200).
evoked by violations of short repeating patterns or longer While we found greatly increased ACG activity on error tri-
alternating patterns. However, responses in the current studyals, consistent with previous reports, significant ACG activ-
were potentiated by overall response-strategy infrequency,ity was observed even when no overt error was made. This
not local sequences of stimuli. We suggest that changing of suggests that the ACG also contributes to the prevention of
response strategy is independent of the context by whicherrors through online monitoring of cognition, which may
that response strategy is created and evokes activity in theseeflect a separate cognitive process also localized to anterior
prefrontal regions. This interpretation is consistent with cingulate cortexllsperger & von Cramon, 2001
previous electrophysiological studies demonstrating that An interesting contrast can be drawn between the strategy-

P300 amplitude changes with stimulus sequemdanson, change trials in the present design and the task-irrelevant
Ruchkin, Ritter, Sutton, & Squires, 1988quires, Wickens,  “novels” that are frequently included in oddball designs.
Squires, & Donchin, 1976 Here, however, infrequent strategy change trials evoke sig-

In addition to PFC, the putamen was transiently active nificant PFC activation, regardless of whether a similar or
to strategy-change trials, specifically those that repeated thedifferent button press is required. In a typical three-stimulus
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oddball designKirino et al., 2000, visually striking novels parietal cortex may be associated with the establishment of
(e.g. photographs of objects) that require the same buttonpercept—action relations. Another limitation lies in the use
press as the standards do not evoke similar PFC activation.of the Simon effect for introducing an nominally irrelevant,
To account for the absence of activity to novels, we specu- but predictive, stimulus property. This manipulation induced
late that subjects in oddball tasks bias their response stratesubjects to use position information as part of their response
gies toward the frequent standard stimuli. If the standards strategy, but it necessarily confounds strategy change with
require no response, then an appropriate strategy would bestimulus-response compatibility. While these two concepts
“do nothing”; if the standards required a particular button are intertwined, in that each represents the inhibition of po-
press, then the strategy might be “prepare to press the righttentiated response, they may reflect different cognitive pro-
button”. As novels are not inconsistent with the basic strat- cesses. Overcoming an arbitrary stimulus-response mapping
egy, the dIPFC remains inactivated. Similarly, subjects in learned during the course of a relatively short experiment
the current task adopt a basic response strategy that doesnay require a different mechanism compared to supplanting
not include the strategy-change trials: “respond left to stim- well-practiced spatial congruency mappings. So, an impor-
uli on the left, and respond right to stimuli on the right”. tant direction for future research will be to investigate how
We conclude that the particular response strategy adoptedprefrontal cortex and related brain regions mediate different
by the subject determines whether dIPFC will be active to types of strategy changes.
infrequent stimuli. The current results constrain interpretations of prefrontal
These results also serve to tie the oddball paradigm to function by showing that behavioral changes are not required
other tests of dIPFC function. DLPFC activation has been to evoke transient prefrontal cortex activity. We conclude
associated with a diverse set of cognitive processes, in-that prefrontal cortex activity in the oddball task is associated
cluding actively maintaining information in working mem-  not with changes in behavior, but with dynamic changes in
ory (Braver et al., 1997; Cohen et al., 1999’Esposito, response strategy.
Postle, & Rypma, 20QMuncan & Owen, 2000; McCarthy
et al., 1994, changing behavior according to task demands
(MacDonald et al., 20Q@ohn, Ursu, Anderson, Stenger, &  Acknowledgements
Carter, 200 or representing past events, current goals, and
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