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Abstract

That the left prefrontal cortex has a critical rgletting response criteria for numerous
tasks has been well established, but gaps remaiouinunderstanding of the brain
mechanisms of task-setting. We aimed at (i) testirgginvolvement of this region in
setting the criteria for a non-response and (ifeasing functional connectivity between
this and other brain regions involved in task-setti Fourteen young participants
performed a go/nogo task during functional magneésonance imaging. The task
included two nogo visual stimuli which elicit a higdistractor) or a low (other) tendency
to respond, respectively. Two task blocks were emadthto assess learning the criteria.
First, a multivariate Partial Least Squares (PL&lgsis identified brain regions that co-
varied with task conditions, as expressed by twaicant Latent Variables (LVs). One
LV distinguished go and nogo stimuli. The other ldéntified regions involved in the
first block when the criterianot to respond to distractors were established. Tite le
prefrontal region was prominently involved. Secoadeft ventrolateral prefrontal area
was selected from this LV as a seed region to parfiunctional connectivity using a
multi-block PLS analysis. Results showed a distedunetwork functionally connected
with the seed, including superior medial prefroraad left superior parietal regions.
These findings extend our understanding of tastrgealong the following dimensions:
1) even when a task requires withholding a respotiee left prefrontal cortex has a
critical role in setting criteria, and 2) this regiresponds to the task demands within a

distinctive functional network.

Keywords: Task-setting, left prefrontal cortex, fMMRartial Least Squares, Functional

Connectivity.
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A number of models postulate the existence of aerem attentional system with a range of
top-down cognitive processes, mainly located inpgitegrontal cortex (PFC; e.g., Baddeley, 1986;
Norman & Shallice, 1986), which receives input frand modulates more specific lower-level
functions, centred in other brain areas, suchtastain in the parietal lobes (Posner & Petersen,
1990; Shallice, 1982), long-term memory in the teraplobes (e.g., Moscovitch, 1992), and
executive motor functions in the basal ganglia.(&texander, Delong, & Strick, 1986).
Fractionation of these top-down functions withindPtras been not only theoretically hypothesized
(e.g., Baddeley, 1996; Stuss, Shallice, Alexangld?icton, 1995), but also empirically
demonstrated (Burgess & Shallice, 1996; Stuss e2@0D5; Alexander, Stuss, Picton, Shallice, &
Gillingham, 2007; see Faw, 2003; Shallice, 2004t &tuss & Alexander, 2007; for reviews).
However, there is a lack of studies investigatimgieural bases of these high-level processes at th
network level.

One of these processes is task-setting, the atoligarn new rules especially when those
compete with pre-existing and prepotent stimulispoase associations (Stuss et al., 1995). Task-
setting can be metaphorically described as a snglpttivity (cf. Fletcher, Shallice, & Dolan,

2000; Frith, 2000), where the surface materiald@érved represents a prepotent, habitual response
that needs to be overcome, and the emerging skppesents a new strategy or stimulus-response
association that one needs to learn to perfornaitle Task-setting has been proposed as a key
component process in several cognitive tasks:arctior naming version of the Stroop task, the
most automatized word reading process should baresged in favour of the less habitual color
naming; in the first-letter verbal fluency task,ndgroduction by semantic relations should be
overcome in favour of the less prepotent stratdgearching words by first letter; in the feature
integration task, different stimulus features cdrbeused alone but need to be integrated in order
to set the criteria to respond; in the task-switghparadigm, one has to switch from a recently
activated but no longer valid rule to another rliheall these paradigms, task-setting might require

the suppression of prepotent but currently inappatg rules or strategies, the enhancement of task-
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relevant ones which may be weaker, or both. Anrapsion usually made is that task-setting is
required as long as the new criteria have to bhaéshin non-routine situations, and its role fades
they become more familiar and practiced (Shall$4; Stuss et al., 1995).

Neuropsychological evidence shows that patientls lgit lateral prefrontal lesions perform
poorly in all these tasks. When tested with Strang first-letter verbal fluency tasks, patientshwit
left frontal lesions showed impaired performancer(&, 1974). In a three-feature integration task
left dorsolateral prefrontal patients were impaired measure of bias, as they tended to respond
more often to a non-target as target (Stuss, BMusphy, & Alexander, 2002). Some studies have
also investigated learning effects. In a switclk téeft lateral prefrontal patients made more exror
than both controls and the rest of the prefronidilgmits in the first block of a condition with aosh
cue-to-target interval (200 ms; Shallice, Stusstdpi, Alexander, & Gillingham, 2008). In a
continuous rapid 5-choice RT task, left prefromiadients performed worse than their controls and
other prefrontal patients in the first 20% of siadlemonstrating impairment in acquiring the rules
(Alexander, Stuss, Shallice, Picton, & Gillingha2005). All these patterns of performance
impairment can be economically interpreted as iffe manifestations of the same task-setting
(Stuss & Alexander, 2007) or strategy productioma{fice, 2004) deficit.

Similar evidence has been accumulated in brainimgdgerature. Some studies, for instance,
show task-setting related activation of left-laté?&C in memory encoding (Fletcher, Shallice &
Dolan, 1998; Fletcher et al., 2000), motor learrihgeptner et al., 1997) and first-letter verbal
fluency (Frith, Friston, Liddle, & Frackowiak, 199 Paralleling the lesion literature which shows a
decrease in errors over time in patients withléfral damage, practicing a task diminishes
activation in this region (e.g., Fletcher et aQ0@; Raichle et al., 1994; Toni, Ramnani, Josephs,
Ashburner, & Passingham, 2001; see Bunge, 2004 feview). These data suggest that this
specific region is critical to temporarily assembtevel or weakly associated representations to
solve the task at hand and, in addition, to supoéser potential, but context-inappropriate,

representations (Buckner, 2003; Duncan & Owen, 2B0Ier, 2000; Nolde et al., 1998;
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Thompson-Schill et al., 1997). Tasks in which res@s are based on a straightforward match
between a cue and a specific representation deeawh to engage this region.

The importance of this region in learning has d&leen highlighted in studies using animal
models. Monkeys with lesions to ventrolateral pyefal cortex (VLPFC) have problems acquiring
different kinds of rules (Bussey, Wise, & Murra)(2; Murray, Bussey, & Wise, 2000;
Passingham, Toni, & Rushworth, 2000). Another eXarapmes from a different brain mapping
technique and cognitive task. TMS on left (dorsaal) prefrontal cortex but not on the right
homologous area impairs performance of a randombeugeneration task, as this manipulation
increased the frequency of the more familiar stpatef counting by ones and decreased the
occurrences of the weaker but more appropriatéegyaf counting by twos (Jahanshahi et al.,
1998; see also Jahanshahi, Dirnberger, Fuller,iga,R2000, for PET evidence).

Aim of the current study is to further understahe bheural correlates of task-setting. To
answer this question we scanned participants WiRIfwhile they were performing an adapted
version of a task that has already demonstratée sensitive to left prefrontal lesions (Alexander
et al., 2007). In the original study (Alexanderkt 2007) target stimuli were obtained by
combining two letters and colors (“blue O” and “0¢§. The same letters but with a different color
(“red O” and “blue X”) required instead a differesponsedistractorg. That alternative response
was also associated with different colored letfetiserg. This task shares features with the Stroop
task and with the feature integration task. Indase of alistractor condition, participants cannot
rely on the information concerning letter identiyhich is quickly available due to an automatized
reading capacity, because that would prompt toang/target response. Instead, they have to set
new criteria to respond, that is to combine latlentity with color identity and associate the tesu
with the less prepotent but correct response. |latdtal prefrontal patients showed a selective
increase of commission errors in wistractor condition.

It has been proposed that the role of left PFCudpsing the response space by combining

suppression of the inappropriate response critenidhe one side, and selection of the appropriate
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ones, on the other (Fletcher et al., 2000; Frig®®@. A critical question is, then, whether settihg
criteria for suppressing the inappropriate respgnséhout the complementary request to set the
criteria to respond, is a sufficient condition taserve activation in the left PFC. To explore that
possibility, we adapted the original design (Aledanet al., 2007) to a go/nogo task. In that case,
task-setting will be required independently of sieéection and preparation of an alternative motor
response. In this new task, participants wereucgtd not to respond to non-target trials.
Moreover, we used a different category of stimatitheothercondition (i.e., numbers instead of
letters), in order to make it more distinguishdbben targets and minimize task-setting
requirements with respect dlistractors while matchingpthersanddistractorsfor frequency of
occurrence and absence of an overt responseothiecondition is therefore intended as a high-
level cognitive baseline in this task (i.e., les®0 task-setting at all is required).

If the left lateral PFC is involved in task-settinghich is conceivably more required in the
initial phase of a novel task (e.g., Fletcher gt20000), a decrease in the level of activatiorugho
be observed in this region, and in the functiorework connected to it, when the task becomes
well-learned. After a certain amount of practicelaed, participants may learn to associate the
distractorsto a nogo response in an automatized fashionjlpp$g/passing the task-setting
process. We investigated the neural bases ofd@harsihg process by splitting the task in two
consecutive runs.

Finally, if left PFC plays a critical role in tagletting, as can be inferred from brain lesion
studies (e.qg., Stuss & Alexander, 2007), an ope&stipn is how this area implements this function
in the brain. We wanted to address this questiomimstigating which other brain regions are not
only activated together with left lateral PFC, bl#o functionally connected with this area when
task-setting is required. To assess functional eotivity, a Partial Least Square (PLS) multivariate
approach was used here to analyze the fMRI daténgbkh, Bookstein, Haxby, & Grady, 1996).
Our rationale for using this multivariate appro#&khat brain works as distributed inter-correlated

regions rather than as independent voxels.
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In summary, we predict that left PFC is selectivalolved in setting the criteria for not to
respond to distractors associated with a prepoésmponse tendency in the first phase of the task.
We also predict that this region is part of a difdunctional network including other areas
involved in learning task-relevant processes. Amiioge processes, feature integration between
color and letter identity would be necessary tohkasresponse conflict between distractors and
targets. Therefore, we expected superior parieballé and superior medial prefrontal cortex to be
nodes of this network, given their role in featumegration (Corbetta, Shulman, Miezin, &
Petersen, 1995) and response conflict resolutiars{dsky & Simmonds, 2008; Rushworth,
Buckley, Behrens, Walton, & Bannerman, 2007), respely. Finally, this network is expected not
to be required for the other nogo condition (nurehesince those stimuli are easy to distinguish
from the targets based on salient semantic diftaeiinumbers vs. letters) and no task-setting is

required.

Method

Participants

Fourteen healthy volunteers (8 females; mean agygears, range: 20-34) took part in the
study. All the participants reported to have norpratorrected-to-normal vision, normal color
vision, and right handedness. The average scotieeolBdinburgh Handedness Inventory (Oldfield,
1971) was 87 (range: 69-100). For all, English Whasnative language or a proficient second
language for at least 10 years. All of them sigaednformed consent that was previously approved
by the Ethics Research Board of Baycrest. Nonertep@ny history of psychiatric or neurological

disorders. Participants received 50 Canadian doltacompensation for their time.

Experimental material and design
Visual stimuli were presented foveally against astantly grey background. Go-nogo stimuli

were letters and numbers written in Times New Rofoaty and were colored in blue or red (50%



Task-setting and fMRI 9

each). Go stimuli were “red O” and “blue Xafgety, and nogo stimuli were “blue O” and “red X”
(distractorg, on the one side, and red and blue numbers 3 doitherg, on the other side.
Association between color and go-nogo letters weversed for the other half of the subjects.

Each trial began with a go/nogo stimulus lasting3@0 ms. Deadline for the go response was
2 sec after the onset of the go stimulus. A blammken followed the stimulus presentation. Inter-
Stimulus-Interval varied randomly and continuouséyween 2.2 and 4.2 sec. This manipulation
was important for the jittering of Repetition Timéth respect to the experimental conditions.
Participants performed 2 runs for this task. Eachhrad 64argets(50%), 32distractors(25%)
and 32others(25%). The total number of test trials was 256tiBipants were instructed to press a
button with the index finger of their dominant haaslsoon as they saw a go stimulus (target), and
refrain from responding when a nogo stimulus apgmkarhus, the experiment consisted of a 2 run
(first vs. second) by 3 task conditiadanget, distractor, other) factorial design. Six familiarization
trials preceded each run. During the presentatidhese initial trials, participants received visua
feedback about their performance.

Participants additionally performed two other taskthe scanner (temporal preparation and
another Stroop-like task), which are not reporterehThe order of presentation of the 3 tasks was

counterbalanced across participants.

Image acquisition and data pre-processing

Images were acquired at the Baycrest Hospital 8T esla Siemens Magnetom Trio whole-
body scanner with a matrix 12-channel head cothcdfional volumes were obtained using a whole
head T2*-weighted echo-planar image (EPI) sequémpetition time, TR: 2 s, echo time, TE: 30
ms, flip angle: 70°, 28 oblique axial slices witerleaved acquisition, 3.1 x 3.1 x 5 mm voxel
resolution, field of view, FOV: 20 cm, acquisitiamatrix: 64 x 64). The first 5 volumes were
discarded to allow the magnetization to reach stegate. Physiological data (heart and respiration

rate) were acquired during the scanning sessioatdhmcal images were acquired using a MP-
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RAGE sequence (TR: 2 s, TE: 2.63 s, 160 obliqual akices, with a 1 mfrvoxel size, FOV =

25.6 cm, acquisition matrix: 256 x 256), eitherdvefor after the functional images acquired for the
three tasks in the session (counterbalanced asubgscts). Stimuli were presented visually through
a mirror mounted on the coil that reflected imafyem a projector located at the bottom of the
scanner. Finger-press responses were recordec WitRIl-compatible response pad.

Part of the pre-processing was performed with Asialgf Functional Neuroimages (AFNI,
AFNI_2007_05 29 1644 release) software (http://faimh.nih.gov/; Cox, 1996). EPI time-series
data were corrected for cardiac and respiratorgipaters (program 3dretroicor) and for difference
in the timing of slice acquisition (program 3dTshiSix-parameter rigid body inter- and intra-run
motion correction was then performed by co-registevolumes to a reference EPI volume (AFNI
program 3dvolreg). Co-registration to a functiok®| template (EPI.nii) and spatial smoothing
(8-mm Gaussian kernel) was performed in SPM5 (@mist al., 1995). Group analyses were carried
out using PLS, a multivariate analysis softwareifieeiging data (Mcintosh et al., 1996). The
anatomical scan was first co-registered to theeclo§the two functional runs of this experiment in
AFNI during reconstruction (program siemenstoafeia2), and then co-registered to a structural

MNI template (T1.nii) in SPMS5.

PLS

PLS is a set of multivariate statistical analysesieuroimaging data that assess the relations
between any set of independent measures, suclke agplkrimental design or activity in a seed
region, and a set of dependent measures, in oarticagest of the brain (see MclIntosh et al., 1996)
PLS carries out the computation of the optimaltlegsares fit to cross-block correlation between
the independent and dependent measures. With tdsgaincipal component analysis (PCA), PLS
has the advantage that solutions are constrainedeieant experimental manipulations, behaviour

or activity of a seed region (McIntosh & LobaugBp2). With respect to more traditional general
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linear model (GLM) univariate analyses, PLS is ngeasitive in detecting distributed patterns of

brain activity (McIntosh, Chau, & Protzner, 2004).

Task-PLS analysis

Task-PLS identifies patterns of brain voxels wheig@al change co-varies with the
experimental conditions. All the six task condigdi2 runs x 3 go/nogo conditions) were included
in this analysis. For each condition, the hemodynaesponse function (HRF) of each voxel was
defined as the intensity difference from trial dré@ring 7 consecutive post-stimulus temporal lags
(lag = 2 sec TR) averaged across trials. No assampias made about the shape of HRF, allowing
investigation of changes in task-related activttdiéferent lags along the whole temporal segment.
The data matrix containing all voxels and assoditééenporal segments (columns) for all
conditions and subjects (rows) was mean-centeremneowise with respect to overall grand
average. The matrix was decomposed using singalaewdecomposition (SVD) to produce a set
of mutually orthogonal latent variables (LVs) widbcreasing order of magnitude, analogous to
principal component analysis (PCA). Each latenialde consisted of: (i) a singular value, (ii) a
pattern of design scores, which identifies the i@sts between task conditions, and (iii) a singular
image, which shows how the spatio-temporal distidouacross the brain relates to the identified
contrasts. Although we had specific a priori hygsts relating our task conditions and some brain
areas, design scores in each LV were determinadiata-driven fashion.

The significance for each LV as a whole is deteadinsing a permutation test (Edgington,
1980). At each permutation, the data matrix rovesrandomly reordered and a new set of LVs is
calculated each time. The singular value of eaghlé is compared to the singular value of the
original LV. A probability is assigned to the irtivalue based on the number of times a statistic
from the permuted data exceeds this original velMl@ntosh et al., 1996). For the current

experiment, 500 permutations were used. If the ghodity was less than 0.05 then the LV was
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considered significant. Since the brain scoreslar&ved in a single analytical step, correction for
multiple comparisons is not required here.

Voxel saliences are weights that indicate how sfiyoa given voxel contributes to a LV. To
determine the reliability of the saliences for #oxels characterizing each pattern identified ly th
LVs, all data were submitted to a bootstrap esimnadf the standard errors, by randomly re-
sampling subjects with replacement 100 times. BRUu8galculated for each bootstrap sample to
identify those saliences whose value remains stapl@rdless of the sample chosen (Sampson,
Streissguth, Barr, & Bookstein, 1989). The ratidha salience to the bootstrap standard error
(bootstrap ratio, BSR) is approximately equivakend z score given a normal bootstrap distribution
(Efron & Tibshirani, 1986). For each lag, clustetth at least 15 contiguous voxels with a BSR
(approximately equivalent to a z-score correspamttinp < .0001) were considered as reliable.
Coordinates of the voxel with the peak BSR withacte cluster were obtained in MNI space and
converted into Talairach space to find the likeyyad locations using Matthew Brett’s

transformation ffttp://www.mrccbu.cam.ac.uk/Umaging/mnispace.ftipproximate Brodmann

areas were then identified using the Talairach Daetool (Lancaster et al., 2000).

To understand the relation between the polarityhefsaliences in the singular image and the
direction of HRF change in the areas reliably atéd in each LV, it is useful to relate the salesnc
to the design scores. For instance, positive sademwould indicate areas that are relatively more
active in conditions with positive weights in thesthn scores. Conversely, negative saliences
would indicate areas that are relatively more a&ciivconditions with negative weights in the

design scores (see Figure 2 below, for an example).

Multi-block PLS analysis: Functional connectivityadysis
The second LV of the task-PLS identified, amongatha region in the left VLPFC (peak
voxel Talairach x =-44,y = 12, z = 24) which stealvreliable learning effects selectively for the

distractors. These effects were reliable at laga®3. The HRF values for this voxel and the 26
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neighbor voxels in each subject and condition Weeeefore averaged across lags 2 and 3. Given
our a priori hypothesis on the role of this regioask-setting, these values were used as a seed f
a functional connectivity PLS analysis to deteet tleural network co-varying with the seed and
with the experimental conditions. This analysis\n as multi-block PLS, computes the
covariance not only between the two blocks of infation used in the task-PLS (brain voxels
activity and experimental conditions), but alsonmsn these blocks and a third one, represented by
the activity of the seed in this case, in a siraglalytical step (e.g., McIntosh, Lobaugh, Cabeza,
Bookstein, & Houle, 1998). Results from the multvdk PLS were also submitted to permutation
and bootstrap testing, as described above. In todmyncentrate our discussion on the more
reliable clusters, only the saliences that survixedore conservative BSR threshal@ are

reported for this analysis.

Results
Behavioral results
The first trial was discarded from analyses. Moexpsgince performance on thther
condition was at ceiling with 99.94 % of correcgnaesponses, this condition was discarded from

subsequent behavioral analyses.

Accuracy.Misses to go-targets and false alarms to rdbgwactorscontrasting first and second
runs were analyzed separately with non-parametricokbn matched pairs tests. These analyses
did not show any significant difference betweentthe runs in the percentage of either false
alarms tadistractors(3.4 vs 3.6 %p = .76) or misses to targets (1.9 vs. .99%;.75). An
additional Wilcoxon test was carried out to dirgaibmpare misses and false alarms (run factor
collapsed). This test was significant (Z = 2% .05), demonstrating that participants made more

false alarms talistractorsthan misses to targets (3.5 vs. 1.4 %).
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Reaction Times (RTsA sufficient number of RT data was obtained &ogets only.
Therefore, RTs were analyzed for this conditionyoAl 2 sample t-test demonstrated that go
responses to targets became significantly fasten fun 1 to run 2 (696 vs. 673 ms; t(13) = 2.6,

< .05).

fMRI Data

Task-PLS results'his analysis identified two significant LVs (LVéxplained cross-block
variance = 35.3 %p < .004; LV2, explained cross-block variance = Z&.$ < .044). The design
scores for these two LVs are shown in Figures ta2a) respectively.

The first LV differentiated between gargetsand nogo conditions, especiatithers The
clusters with negative and positive saliencesiated in Table 1 and are shown in Figure 1b. The
negative saliences in LV1 correspond to greatavigctor targets(whose design scores are
negative) in both runs. Reliable negative saliespasined the first portion of the examined time-
window (lags 2-4). The positive saliences in LVIregpond to greater activity fothers(whose
design scores are also positive), and to a minenexordistractors than fortargetsin both runs.

Reliable positive saliences spanned the late podfdhe examined time-window (lags 5-7).

The second LV was more relevant for the aim ofpfessent study. This LV differentiates the
distractorsfrom thetargetandother conditions but mostly in the first run, with thesign score for
this condition reduced by almost a factor of Shea second run (Figure 2a). This indicates that
brain regions identified by this LV are likely te Involved in setting the criteria to learn thekias
especially for the most difficutistractor condition. The clusters with positive and negative

saliences are listed in Table 2 and are shownguarEi2b according to the time-lag. The negative
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saliences identified clusters whose pattern ofvatton mainly differentiatedistractors(negative
design scores) from the other two conditions (pasilesign scores) in the first run. The brain
regions showing negative saliences were locatéloeiteft inferior frontal gyrus and claustrum,
fusiform gyrus, visual areas and cerebellum, rigfgrior and medial frontal gyrus, superior
temporal gyrus, and post-central gyrus, and badtarperior and inferior parietal lobules. The
positive saliences indicate areas mainly involvedtheror targetconditions and only included left

cerebellum, parahippocampal and fusiform gyri.

Multi-block PLS resultsThis analysis was run to assess functional connigchetween a
region in the left inferior frontal gyrus (VLPFQlentified in the second LV of the previous
analysis and the rest of the brain, and how th@ectivity pattern co-varies with the different task
conditions. This analysis also yielded two sigrfitLVs (LV1, explained cross-block variance =
23.4 %,p < .002; LV2, explained variance = 17.4 P65 .016). The design scores (saliences) for
these two LVs are shown in Figures 3a and 4a, otispéy.

The first LV distinguished nogdistractorsand, to a minor extenpthers(positive design
scores) from geoargets(negative design scores) in the first run onlye Tesign scores foargets
andothersdo not change substantially from the first toskeond run, whereas the design score for
distractorswas high in the first run and close to 0 in theosel run (note the similarity with
saliences of LV2 in the task-PLS analysis). Thewefthis LV shows which brain regions
functionally connected with the seed are involuwetearning to distinguististractorsfrom
targets The clusters extracted by this LV are listed ablE 3 and are shown in Figure 3c. Figure

3b shows the correlations between the identifidgd/okks and the seed. No clusters with negative
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saliences (corresponding to greater activitytémgetsin both runs) survived the threshold (BSR
6) in this LV.

The greater activity fodistractorsin the first run than in the second one (positiakences)
included, on the left hemisphere, inferior, middiel superior frontal gyri, superior parietal lohule
premotor areas, anterior cingulate, middle tempgyals and fusiform gyrus; on the right
hemisphere, medial frontal gyrus, claustrum, cdhaime and cuneus; and bilaterally, pre- and post-
central gyri. Apart from left inferior and middleohtal gyri, the role of the other areas started to
emerge from lag 4 on. Correlation with the sequbmsitive fordistractorsin both runs. This
indicates that the identified brain areas con&itufunctionally connected network that shares the
same pattern of activations/deactivations withsbed, even when activation of this network is low
for distractorsin the second run.

A modest contribution to the activation of thiswetk is also played by thether condition in
both runs (see design scores in Figure 3a). Howéwethis condition, the positive correlation
between the identified areas and the seed inttbieréin shows large confidence intervals that
include the 0 value, and is almost null in the selcaun (Figure 3b). These results suggest that the

network identified does not show reliable connettifor the other condition.

The second LV mainly distinguished a network matevated fortargets(negative design
scores) from another network more activatedtbers(positive design scores) but also shows, to a
minor extent, learning effects concerniigtractors(negative design scores in the first run turning
into positive in the second run, see Figure 4apdtiee saliences spanned lags 2-4 and included
areas such as claustrum, middle frontal gyrus pbedliten, and post-central gyrus, on the left

hemisphere; medial frontal gyrus and parahippocagyras, on the right hemisphere; and inferior
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frontal gyrus, insula, pre-central gyrus, infenparietal lobule, and cerebellum, bilaterally. The
correlation with the seed in the clusters iderdifiy LV2 is shown in Figure 4b. For tkerget

condition in both runs, there is negative correlatiith the seed. This means that the more the seed
was activated (less deactivated, in this case)suigect for theargetconditions, the more this
network was activated (i.e., more negative braores).

Positive saliences only included left precuneusragtt parahippocampal gyrus at the sixth lag
(see Table 4 and Figure 4c). The basically nultetation fordistractorsin the first run turns into
negative in the second run. This indicates thatdleo regions were more activatedddstractors
in the subjects that activated the seed less isg¢bend run (possibly suggesting an automatized
performance in this condition, relying on more posir regions). Finallypthersshow even
stronger opposite effects from the first to theosekrun, with the correlation with the seed
changing from negative to positive. However, simitaLV1, the confidence intervals appear to be
large and to include O value for th#her condition in both runs. This pattern demonstrates

functional connectivity with the seed for th#her condition.

Discussion
Task-setting, the capacity to initially set up taslevant criteria, has been attributed to left
lateral PFC (Alexander et al., 2005; 2007; Fletatal., 2000; Stuss & Alexander, 2007). The aim
of the present study was to identify the brain meknthat is functionally connected with this region
to support task-setting in a task that requiresniag the criteria for not to respond to some stimu
(distractor9 despite a prepotent tendency to respond. Accutatyshow that participants make
most errors for thdistractor condition in both a first and a second run. Anialys responses to go

stimuli (target9 shows that participants get faster from the foshe second run. This pattern
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suggests that participants learn how to perforntdbk more efficiently, at least in terms of speed
of execution, although RT data are not availabtec@rrect nogo responses, for obvious reasons.

A task-PLS analysis of the fMRI data was used lasra first step to identify which brain
regions changed their activity as a function otcpce (first vs. second run) and task condition
(targets, distractors, otheysParticularly, we aimed at detecting a distriloupattern of brain
regions involved in learning to set the criteriahot to respond, in the condition where a prepoten
response should be overcordes{ractorg. This analysis allowed us to identify two setdddin
regions underlying different effects of the expemtal conditions, which were comprehensively
captured by two significant latent variables (LVA&)first LV distinguished between go and nogo
stimuli. More relevant for the present study, thesd LV identified regions involved in learning
the criteria not to respond thstractors since the contribution of the regions faded ftbmn first to
the second run selectively for this condition.

Left lateral (particularly ventrolateral) PFC waseoof the activated regions (BA 9, Talairach
coordinates of the most stable voxel: x: -44, y:Z21). This result corroborates previous
neuropsychological evidence showing a critical adléhis area in thdistractor condition of a
similar task (Alexander et al., 2007). Howevertha neuropsychological studyistractorswere
associated to a different response ftangets rather than to a no response, as required by the
go/nogo structure of the task used here. Therefloesgurrent results extend previous ones to a
condition in which the criteria to be set in ortlelovercome a prepotent response tendency
concerned a non-response, without the need to peoau alternative motor response. These results
confirm those of a recent fMRI study, where letetal prefrontal cortex showed a reduced
activation after an extensive amount of practici\aitask requiring rule retrieval (Fincham &
Anderson, 2006). Moreover, previous imaging literathas generally shown learning-related
changes in left lateral prefrontal cortex (Bung@4£2G-letcher et al., 2000; Raichle et al., 1994).
There is also neuropsychological evidence thatrdggon is critical in acquiring the criteria ineth

initial phase of the task in several domains (&btexander et al., 2005; Shallice et al., 2008).
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Based on this previous evidence, we selecteddigism as a seed for a subsequent multi-block
PLS analysis. This analysis showed that the sesdurationally connected to a range of other
regions, with which it correlated in terms of aetten/deactivation patterns in a manner closely
related to some task conditions. The first LV shdwenetwork of regions that positively correlated
with the left VLPFC seed, and was mainly activetadlistractorsin the first run and deactivated
for targetsin both runs. This LV, therefore, shows a learreffgct at the level of a neural network
specific for thedistractornogo condition.

After showing local functional connectivity withleft lateral PFC (BA 46) at lag 3 (i.e., 6 sec
post-stimulus onset), the seed becomes functionalyected with a more widely distributed
network. A node of this network, starting to emeatjéag 4 (8 sec post-stimulus onset), was located
in the posterior portion of the superior mediahtiad gyrus, especially on the right (BA 6, Talalac
coordinates: x: 8, y: -1, z: 55), probably corresgiag to the supplementary motor area (SMA).
Previous evidence has suggested that the SMA, spetially the pre-SMA portion, plays an
important role in resolving cognitive conflict selwely at the response level (Milham et al., 2001,
Rushworth et al., 2007). This region is in factdlwed in response suppression, by sending the
immediate inhibitory input to the motor areas irnwaal in the response (Goldberg, 1985; Tanji &
Kurata, 1985; Vidal, Bonnet, & Macar, 1995). Lesida this region cause an increase of false
alarms to nogo stimuli (e.g., Picton et al., 200icro-stimulations of the SMAS can suppress
ongoing movements (e.g., Fried et al., 1991; F1&@6). A role of this region in suppressing a
response has also been found with the stop-sigmatlgm, both in neuropsychological (Floden &
Stuss, 2006) and in imaging studies (Aron, Beh®&enith, Frank, & Poldrack, 2007). Therefore it is
possible that this region contributes to the suggpom of an inappropriate but prepotent response in
the presence dfistractors especially in the initial phase of the task.

Previous neuropsychological work has also shownttigasuperior medial prefrontal region is
important to activate (‘energize’) task-relevanigesses, since patients with lesions in this region

show increased RTs especially, but not only, inaleing task conditions (e.g., Alexander et al.,
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2005; 2007; Stuss et al., 2002; 2005). Moreovseiofes to this region cause maximal impairment in
both accuracy and speed in the incongruent comditi@a classical Stroop task (i.e., reading a color
word written with an incongruent color; Stuss, ogAlexander, Levine, & Katz, 2001). Since in
that study the incongruent condition was adminesten a block, the authors interpreted the result
as failure of maintenance of consistent activafienergization’) of the intended response in the
incongruent condition.

It is not clear whether the same or different akeilsin superior medial prefrontal cortex play
a role in selection and suppression of a respdnsepossible that the two processes are different
aspects of the same energization mechanism, tb&peramount importance not only when a
response is required, but also when the circuésponsible for suppressing a prepotent tendency to
respond needs to be activated. Based on evidemredifferent imaging methodologies, Mostofsky
and Simmonds (2008) propose that some of the newcaits involved in response selection
overlap with neural substrates of response suppreds line with the present findings, the authors
focused on the pre-SMA as a critical area for vetiponse selection and suppression. To confirm
this view, or to possibly find dissociations betweseib-areas within the same SMA region, future
studies are clearly needed that directly companeliions requiring activation of a non-prepotent
response and suppression of a prepotent respotise same sample of subjects.

Left superior parietal lobule (BA 7, Talairach cdimates: x: -32, y: -68, z: 48) was also part of
this network. The present task requires featuesgnattion between color and letter identity.
Activation in this area has been previously foundm feature integration tasks (Corbetta et al.,
1995) and visual attention in general (Wojciulikk&nwisher, 1999). This area may also play an
inhibitory role in selective attention, suppressiagk-irrelevantlistractors(Wojciulik &

Kanwisher, 1999), probably by implementing taslatedl selection biases established by the
prefrontal areas (Corbetta & Shulman, 2002; Wag&ndith, 2003). Previous imaging studies have
shown learning-related decreases in the activatidronto-parietal regions as arbitrary rules (both

verbal and non-verbal) became more familiar (CBeBchneider, 2005; Deiber et al., 1997). In
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line with these studies, the current findings shiomctional connectivity between frontal and
parietal regions as a function of learning.

Moreover, cross-talk between the prefrontal seett@emporal regions (e.g., left inferior and
middle temporal gyrus) may be important for buifglip a neural representation of task rules
during the learning phase (Bussey et al., 2002;sMgsr, Squire, Zola, & Albright, 2001) and for
retrieval of these rules later on (Bunge, 2004)aly, primary and associative visual areas (e.qg.,
fusiform gyrus) have already been shown to funeigrinteract with the left prefrontal cortex,
when top-down attention has to distinguish releant irrelevant visual material (Gazzaley et al.,
2007).

The requirement to withhold a response in the presef a nogo stimulus is not sufficient to
activate this learning network, as shown by theelimble pattern of functional connectivity for the
otherscondition. Moreover, the learning effects reflekchs this LV cannot be simply attributed to
unspecific adaptation or habituation as a functibtime spent on the task, because LV1 of the
task-PLS analysis does not show any decreaseiva@goh in another network related to a different
combination of task conditions (i.e., mainly costmagtargetsandotherg. Additionally, LV2 of
the multi-block PLS analysis does not show learmfigcts fortargetsandotherseither (see next
paragraph).

The second LV of the multi-block PLS analysis shdwecomplementary network which was
more activated for the go stimuli than for the noges. This network is likely to be involved in
response preparation and execution as required bargets The involvement of sensorimotor
areas, cerebellum, inferior parietal lobule, amotiger areas, in the early portion of the BOLD
response corroborates this interpretation. Thigwowt also showed functional connectivity with the
seed in the left prefrontal cortex in some taskditions, such atargetsin both runs and,
importantly,distractorsin the second run. Assuming that this network®lved in response
preparation and execution, it is conceivable thiaas to be deactivated in the presence of nogo

distractorsin order to perform the task well. The degree kicl this deactivation occurs is
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inversely proportional to the degree to which teedsis still activated in the second run. This
suggests that participants who still activate gedsn the second run do not suppress this motor
network adequately in the distractor nogo conditkeinally, for theothernogo stimuli, this
network is mainly deactivated in both runs. Moregeennectivity with the seed is unreliable for
this condition (as indicated by confidence intesvaiossing the 0 value).

In conclusion, the present multivariate analysisrapch identified two distinct functional
networks underlying the performance in a go/nog&.t®n the one side, go stimuli require a
network involved in response preparation and exeeuOn the other side, nogo stimuli, especially
those in which a suppression of a prepotent regpsnequireddistractorg, involve a different
network. This network is modulated by learninggcsiit is more important in the first part of the
task, when the task criteria to not to respond nedx still acquired, than in the second part,iwhe
task performance becomes more efficient. A criticade of this task-setting network was the left
VLPFC, which was chosen as the initial seed toguarffunctional connectivity analysis. The
importance of this area in setting the criteripéoform the task, which has already been shown in
previous literature (e.g., Alexander et al., 20@3)7), is confirmed here and extended to a task in
which the rules to be established concern a ngrores. Functional connectivity analysis unveiled
the “neural team” which sculpted the task spadéanirst phase of the experiment. Left
ventrolateral prefrontal cortex is, indeed, a notla more distributed network, spanning frontal,

parietal and temporal regions, which underliesnigay task criteria.
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Table 1.Reliable clusters identified for LV1 in the taskSPanalysis (bootstrap ratios*4).

Negative saliences/bootstrap ratios

Talairach

Lag Cluster region BA X 'y z Size Bootstrap
2 L Postcentral Gyrus 2 -48 -25 E3 19 -11
2 L Middle Frontal Gyrus 9 55 10 36 - -8.2
2 R Culmen - 4 63 -10 - -8
2 L Postcentral Gyrus 43 -51 -18 19 8 -7.9
2 L Thalamus - 4 23 1.2 24 -6.7
2 L Culmen - -4 -32 -15 30 -6.5
2 L Superior Temporal Gyrus 22 48 0 4 24 -5.5
3 L Precentral Gyrus 4 -36  -24 56 30 -12
3 R Declive - 20 -55 -14 46 -9.8
3 R Inferior Semi-Lunar Lobule - 16 -64 -41 19 -8.7
3 R Middle Temporal Gyrus 22 48 -3 -1 8 -7.5
3 L ThalamusyVentral Posterior medial - -6 -19 1 24 -5.6
3 L Uvula - -24  -75 -23 30 -5.6
3 R Lingual Gyrus 17 12 -89 -2 24 -55
4 R Parahippocampal Gyrus 19 40 -43 -1 30 -6.1

Continued in the next page...



Table 1 (continued)

Positive saliences/bootstrap ratios

Talairach
Lag Cluster region BA X 'y z Size Bootstrap

5 L Precuneus 7 -1z -48 47 17 8.1
5 R Thalamusventral lateral Nucleus - 12 -11 4 127 7.9

5 R Medial Frontal Gyrus 9 20 40 27 23 7.0
5 R Precuneus 31 16 -61 25 27 6.9
5 L Superior Frontal Gyrus 6 24 7 62 42 6.9
5 L Middle Temporal Gyrus 39 -32 61 25 61 6.9
5 R Pyramis - 12 -79 -26 35 6.8
5 L Tuber - -44  -64 -27 25 5.8
6 R Caudate Body - 16 20 14 25 11.8
6 R Medial Frontal Gyrus 10 20 47 12 20 9.9
6 L Pyramis - -16  -83 -33 16 9.1
6 L Precuneus 19 -32 76 41 117 7.1
6 R Caudate Head - 12 15 -4 17 6.7
6 R Thalamusventral lateral Nucleus - 16 -15 8 31 6.6

6 L Middle Occipital Gyrus 18 24 -81 8 20 6.1
6 L Paracentral Lobule 5 -12 -40 54 18 5.9
6 L Cerebellar Tonsil - -44 49 -38 20 5.9
6 R Thalamus - 8 27 -2 51 5.6
6 L Superior Occipital Gyrus 19 -32 73 22 19 5.5
6 R Precuneus 31 20 57 21 18 5.5
6 R Uvula - 12 -83 -26 21 5.2
6 L Posterior Cingulate 29 0 -42 17 19 5.0
7 L Postcentral Gyrus 7 -8 -59 69 79 7.8

Lag refers to the time period, in TRs of 2 sec eafter stimulus onset during which the peak
Bootstrap Ratio occurred. Cluster Region and BAdatk the locations and Brodmann Areas as
determined by reference to Talairach and Tourndl888). X, y, and z indicate voxel coordinates
in Talairach space. Size denotes the number ofgumis voxels included in the cluster. Bootstrap
refers to the bootstrap ratio, which is an indexelfability across participants.



Table 2.Reliable clusters identified for LV2 in the taskSPanalysis (bootstrap ratios*4).

Negative saliences/bootstrap ratios

Talairach
Lag Cluster region BA X y z Size Bootstrap
3 R Inferior Frontal Gyrus 47 32 27 -5 38 -7.9
3 L Claustrum - -28 23 -1 16 -7.1
3 L Cuneus 18 0 -88 19 28 -6.9
3 L Inferior Parietal Lobule 40 -48 -33 38 74 -6.8
3 R Superior Parietal Lobule 7 28 52 54 22 -6.8
3 R Medial Frontal Gyrus 6 8 14 47 30 -6.8
3 L Inferior Frontal Gyrus* 9 -44 3 21 54 -6.2
3 R Inferior Parietal Lobule 40 40 -29 42 42 -6.2
4 R Precuneus 7 16 -63 51 179 -8.8
4 L Superior Parietal Lobule 7 -32 60 47 102 -8.0
4 L Cuneus 19 -4 -84 30 18 -7.3
4 R Superior Temporal Gyrus 22 48 1 4 30 -6.6
4 R Medial Frontal Gyrus 8 4 22 43 24 -6.3
5 R Postcentral Gyrus 40 59 -29 49 25 -5.9
6 R Postcentral Gyrus 2 59 -21 49 22 -5.9
7 R Postcentral Gyrus 40 51 -32 50 40 -6.8
Positive saliences/bootstrap ratios

1 L Declive - -32 -75 -20 16 6.1

2 L Parahippocampal Gyrus 36 -40 -35 -8 20 8.7
3 L Fusiform Gyrus 37 -36 -39 -8 18 6.2

See Table 1 for an explanation of the meaning ol @lumn. *This voxel and the 26 surrounding
neighbour voxels were chosen as a seed for theequbat functional connectivity analysis (see text
for details).



Table 3.Reliable clusters identified for LV1 in the Mulblbk PLS analysis (bootstrap ratiest 6).

Positive saliences/bootstrap ratios

Talairach
Lag Cluster region BA X 'y z Size Bootstrap

2 L Middle Frontal Gyrus 46 44 17 21 29 9.5
3 L Middle Frontal Gyrus 46 44 17 21 38 10.3
3 L Inferior Frontal Gyrus 46 48 39 & 29 7.6
4 L Middle Frontal Gyrus 9 40 9 25 88 10.3
4 L Inferior Temporal Gyrus 37 40 -62 -4 19 9.7
4 R Cuneus 18 16 -76 26 52 9.6
4 L Superior Parietal Lobule 7 -32 -68 44 188 9.2
4 L Middle Temporal Gyrus 22 -48  -42 6 21 8.4
4 L Medial Frontal Gyrus 8 -8 29 39 17 7.9
5 L Superior Parietal Lobule 7 -32 -68 48 80 10.4
5 L Inferior Frontal Gyrus 45 -44 13 18 68 9.9
5 L Superior Parietal Lobule 7 -20 -48 58 40 9.0
5 L Middle Temporal Gyrus 37 -40 62 7 39 8.9
5 L Middle Temporal Gyrus 19 -40 77 22 31 8.8
5 L Postcentral Gyrus 3 -40 -28 €0 17 8.2
5 L Cingulate Gyrus 24 -8 -2 37 19 8.1
5 L Middle Temporal Gyrus 37 44 -62 -4 23 7.4
5 R Medial Frontal Gyrus 6 8 -1l 59 18 7.3
6 L Superior Parietal Lobule 7 36 -68 44 186 10.2
6 L Middle Occipital Gyrus 18 24 -81 8 18 9.1
6 L Cingulate Gyrus 31 24  -41 28 27 9.0
6 R Medial Frontal Gyrus 6 8 -1 55 72 8.9
6 R Vermis - 4 -33 -32 16 8.8

6 L Cingulate Gyrus 24 12 6 37 59 8.6
6 L Middle Temporal Gyrus 37 -59 51 -1 46 8.6
6 R Postcentral Gyrus 7 20 -47 65 17 8.5
6 L Precentral Gyrus 6 32 2 33 53 8.5
6 R Precentral Gyrus 6 36 -6 33 20 8.4
6 R Claustrum - 36 -15 8 44 8.3
6 R Cuneus 18 12 -76 26 19 8.1
6 R Postcentral Gyrus 43 51 -19 16 30 8.0
6 L Superior Frontal Gyrus 6 20 7 62 18 8.0
6 L Fusiform Gyrus 37 -51 -44 -18 19 7.5

See Table 1 for an explanation of the meaning ot @alumn.



Table 4.Reliable clusters identified for LV2 in the Mulblbk PLS analysis (bootstrap ratiest 6).

Negative saliences/bootstrap ratios

Talairach
Lag Cluster region BA X 'y z Size Bootstrap

2 L Precentral Gyrus 6 -28  -13 60 149 -11.8
2 L Inferior Frontal Gyrus 9 44 9 22 93 -10.9
2 R Insula 13 44 26 16 17 -10.4
2 L Inferior Parietal Lobule 40 -40 -48 50 17 -9.4
2 R Culmen - 28 52 -21 29 -8.7

2 L Postcentral Gyrus 43 51 -18 19 23 -8.6
2 R Medial Frontal Gyrus 6 8 3 59 17 -8.4
2 R Precentral Gyrus 6 63 -2 33 19 -7.7
3 L Postcentral Gyrus 3 44 -21 53 418 -14.5
3 R Culmen - 8 58 -4 732 -12.4
3 L Insula 13 44  -15 19 206 -11.1
3 L Inferior Parietal Lobule 40 51 -37 28 22 -10.1
3 R Inferior Semi-Lunar Lobule - 16 -64 -3 24 -9.8
3 L Middle Occipital Gyrus 18 20 -92 19 62 -9.0
3 L Declive - -32  -63 -20 21 -8.7

3 L Middle Frontal Gyrus 9 -51 6 37 61 -8.7
3 R Supramarginal Gyrus 40 40 -41 35 47 -8.6
3 R Hippocampus - 36 -12 -13 19 -8.6
3 L Claustrum - -36 -8 -6 33 -8.5

3 R Precentral Gyrus 44 5] 8 11 49 -8.4
4 L Transverse Temporal Gyrus 41 51 -19 12 130 712
4 R Inferior Frontal Gyrus 44 55 16 10 66 -9.7
4 R Culmen - 32 55 -21 32 -8.8
4 R Declive - 28 -75 -16 24 -8.6

4 R Inferior Parietal Lobule 40 40 41 39 31 -8.3
4 L Inferior Parietal Lobule 40 44 -44 43 83 -8.2
4 R Lingual Gyrus 18 8 -74 -3 25 -7.2

Positive saliences/bootstrap ratios

6 L Precuneus 7 -4 -63 58 20 8.1
6 R Parahippocampal Gyrus 30 8 -39 2 50 7.9

See Table 1 for an explanation of the meaning ot ealumn.



Figure Captions
Figure 1.(A) Design scores for the significant latent vakal (LV1) from the task-PLS analysis.
(B) Clusters (number of voxels15, bootstrap ratig 4) in which activation was associated to LV1
(singular image). Time from stimulus onset is iradéxl on the Y axis of the singular image and is
expressed in lags (1 lag = 2 sec Repetition Tiffileg. X axis shows the location of the axial slice in
reference to the MNI atlas space. Warm colors etdiclusters with positive bootstrap ratios,
which were differentially more activated for tagknditions with positive design scores in A,
whereas cold colors indicate clusters with negaivetstrap ratios, which were differentially more
activated for task conditions with negative desgares. The bootstrap ratio map is superimposed

on the average anatomical scans from all 14 ppaints.

Figure 2.(A) Design scores for the significant latent vahe2 (LV2) from the task-PLS analysis.
(B) Magnitude of average Hemodynamic Response lum@tiRF) change in a cluster of 26

voxels adjacent to a voxel with peak bootstrapratithe left inferior frontal gyrus. This cluster
was used as a seed for the subsequent multi-bloSlkaRalysis. The red dots indicate that LV2 was
significant in the time lags 2 and 3 for this pautar voxel. (C) Clusters (number of voxeld5,
bootstrap ratie- 4) in which activation was associated to LV2. Tifreen stimulus onset is

indicated on the Y axis of the singular image anexpressed in lags (1 lag = 2 sec Repetition
Time). The X axis shows the location of the axialesin reference to the MNI atlas space. Warm
colors indicate clusters with positive bootstrajosg which were differentially more activated for
task conditions with positive design scores in Agweas cold colors indicate clusters with negative
bootstrap ratios, which were more activated fok mditions with negative design scores. The
yellow circle in the Lag 3 shows a region in thi ieferior frontal gyrus (see B panel), chosen as

seed in the following multi-block PLS analysis.



Figure 3.(A) Design scores for the significant latent vakeal (LV1) from the multi-block PLS
analysis. (B) Pattern of correlation between treglssnd the other clusters expressed in the LV1 as
a function of the task condition. (C) Clusters (itn@mof voxels> 15, bootstrap ratia 6) in which
activation was associated to LV1 from the multidldd’LS analysis. Time from stimulus onset is
indicated on the Y axis of the singular image anexpressed in lags (1 lag = 2 sec Repetition
Time). The X axis shows the location of the axialesin reference to the MNI atlas space. Warm
colors indicate clusters differentially more actafor task conditions with positive design scores
in A, which have a positive bootstrap ratio, whereald colors indicate clusters more activated for

task conditions with negative design scores, whive a negative bootstrap ratio.

Figure 4.(A) Design scores for the significant latent valead (LV2) from the multi-block PLS
analysis. (B) Pattern of correlation between treglssnd the other clusters expressed in the LV2 as
a function of the task condition. (C) Clusters (tn@mof voxels> 15, bootstrap ratia 6) in which
activation was associated to LV2 from the multidldd’LS analysis. Time from stimulus onset is
indicated on the Y axis of the singular image anexpressed in lags (1 lag = 2 sec Repetition
Time). The X axis shows the location of the axialesin reference to the MNI atlas space. Warm
colors indicate clusters differentially more actafor task conditions with positive design scores
in A (and positive bootstrap ratio), whereas caltbrs indicate clusters more activated for task

conditions with negative design scores (and negdtootstrap ratio).
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LV2: multiblock Partial Least Squares Analysis

B

0B6 7

0.4 4

0.2+

Design Scores

0.4
064

0.8 -

MNI Z: -24

..
-D.z‘.

-16

-8

= |

B Target

= Distractor} run

. Other

B Target
Distractor
Hl Cther

}run?

24

0
06
04
0z

04

-0

Correlation with the Seed

-0

-1

32

40

48

52

onel densioog

|
iy
L=




