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Abstract
This study used functional magnetic resonance inga{fMRI) to investigate the neural
effects of increasing cognitive demands in norngathg and their role for performance.
Simple and complex go/nogo tasks were used with ugoeight colored letters as go
stimuli, respectively. In both tasks, nogo stimaduld produce high conflict (same letter,
different color) or low conflict (colored numbergjth go stimuli. Multivariate Partial
Least Square analysis of fMRI data showed thatroddielts over-engaged a cohesive
pattern of fronto-parietal regions with nogo stimuhder the specific combination of
factors which progressively amplified task demarkidgh conflict nogo trials in the first
phase of the complex task. This early neural ogeruitment was positively correlated
with a lower error rate in the older group. Thue present data suggest that age-related
extra-recruitment of neural resources can be benakfor performance under taxing task

conditions, such as when novel, weak and complies have to be acquired.
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Cognitive changes with aging are accompanied by iffcations in brain
functioning, as shown by neuroimaging evidence.(&gaver 2004; Grady 2008; Park et
al. 2001). While some studies report an under-rgoant of brain regions with age (e.g.
Rypma and D’Esposito 2000), different patterns gé-eelated neural over-recruitment
have also been often described in the literatuspedally under demanding task
conditions. Those patterns include activationgnmlar areas as those engaged by young
adults but with a greater magnitude of activatianmore symmetric pattern of brain
activity with additional activation in homologoueeas of the opposite hemisphere in the
older; or additional activation of completely difémt areas (Cabeza 2001, 2002; Hedden
and Gabrieli 2004; Logan et al. 2002; Morcom eR8D7; Park et al. 2001).

Changes in the use of cognitive and neural reseuraee been associated with aging
in a number of different contexts. An age-relatedrstive decline often occurs in tasks
involving suppression of information interferingtivithe present goals (Hasher et al.
1999; Sweeney et al. 2001). Mirroring this age-gmemhibitory deficit in cognition
(Hasher and Zacks 1988), brain imaging and elekbyrsiplogical evidence shows an
increased neural activity (over-recruitment) asstec with processing of interfering
information in older adults (Nielson et al. 2002az2aley et al. 2005; Gazzaley et al.,
2008; Zysset et al. 2007; but see Grady et al. 1995

Moreover, age-related differences in the capaatgitcumvent interference from
distracting non-target information are amplifiedibgreasing task complexity (Viskontas
et al. 2004; Gazzaley et al. 2007). Although comrfamtors such as generalized slowing
have been proposed to explain the disrupting effexft task complexity with age

(Salthouse 1996), significant age effects remaiterafidequately controlling for
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differences in processing speed (Keys and WhiteO200erhaeghen et al. 2006),
suggesting that a number of different mechanismg umalerlie age-related decline in
information processing. Again, at the neural leagje-related over-recruitment of brain
regions often accompanies more complex and demgrdsk conditions, such as dual-
vs. single-tasks (Smith et al. 2001), source vwmiimemory retrieval (Morcom et al.
2007), or high vs. low selection demands in wondegation tasks (Persson et al. 2004).

Poor performance under non-routine contingenciesging (Craik and Byrd, 1982),
such as during conflicting and complex task conddj suggests an age-related decline in
task-setting, an hypothesized frontally-based tionchought to be required to establish
weak stimulus-response associations or rules (Alds@ Stuss, Shallice, Picton, &
Gillingham, 2005; Stuss et al. 1995), especiallyewhhose rules compete with more
prepotent ones (Alexander, Stuss, Picton, ShalkkceGillingham, 2007; Stuss and
Alexander 2007; Vallesi, McIntosh, Alexander, andsS, 2009a).

As briefly reviewed above, neural over-recruitmerth aging has been associated to
both suppression and task complexity althoughh&olest of our knowledge, no study
has combined the two factors in a single experialedesign. To test whether a
combination of those factors amplifies neural osesruitment in aging (i.e., when both
cognitive conflict and task complexity are high¥aatorial design crossing 2 complexity
levels with 2 suppression levels was adopted. 8palty, two versions of a go/nogo task
were used. In the simpler version, the subjectsarded to red X and blue O (go stimuli)
while withholding responses to the blue X and re¢high-conflict nogo stimuli) and to
numbers of either color (low-conflict nogo stimulipo responses were prepotent for

letters because they were twice more frequent tlogie responses to letters (50 vs. 25%)
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and because of Stroop-like effects (Stroop, 1985¢lassical Stroop interference effect
arises when subjects are required to name thedlak of incongruent color words (e.g.,

the word “BLUE” written in red ink), since it is $¢er to read a word than to name a
color. In the present task, likewise, participantye faster in identifying the letter than

its ink color and then in combining these two kirafsinformation in order to make a

nogo decision, when appropriate.

Thus, we assumed that there was a need to suppm@gpotent go response in the
presence of high-conflict nogo letters, while s@gssion was less required for low-
conflict nogo stimuli, which were much faster tstédiguish from go responses because
they belonged to a different category (numbersletsers; see Vallesi et al., 2009c for
Event-related Potential support to this assumptiém)the more complex version, 4
vowels and 4 consonants replaced Os and Xs. A giiedi was that neural over-
recruitment would occur in older when task demamds: maximal, that is, for the high-
conflict nogo condition of the complex task.

Regarding specific predictions about the functiar@tomy underlying the necessity
to deal with increasing task-demands, we expectedadivation of the left lateral
prefrontal cortex, since lesions in that region associated with an increase in false
alarms to non-target information in different donsaiand tasks (Stuss and Alexander
2007; Alexander et al. 2007; see also Bunge, 2Bcher et al. 2000, for neuroimaging
evidence). However, it is likely that a more exteasfronto-parietal network will be
involved in acquiring weak and complex associatios only between stimuli and
responses (e.g., Dosenbach, Fair, Cohen, Schlagdetersen, 2008), but also between

stimuli and a non-response (Vallesi et al., 2009a).
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To partially anticipate the findings of the pressetidy, older adults did engage an
extensive set of fronto-parietal regions for thghhconflict nogo stimuli similarly to the
young adults but, as expected, over-recruited theggons in the complex task,
suggesting a relation between over-recruitment tas#k complexity. There is some
evidence indicating that age-related deficits waitimplex tasks especially emerge in the
early stages of task performance (Willis and Nesade 1990), and age differences are
substantially reduced after practice (Kramer etl@P9). Thus, to further test how this
network behaves in aging when task demands arkefutixed, we capitalized on the
assumption that task difficulty is high in novelsitions and decreases with learning, and
further divided the trials of the complex task imtdirst and a second run. The prediction
was made that if over-recruitment is associateth witreasing task-demands, it should
mostly occur in the first run.

When increased neural activity has been found wagimg, two opposite accounts
have been proposed to explain it (Grady 2008).ddmpensatory view posits that neural
over-recruitment reflects adaptive plasticity tgonove or maintain performance despite
age-related neurodegenerative modifications (BuckO84; Cabeza et al. 1997; Grady et
al. 1994; Gutchess et al. 2005; Reuter-Lorenz, R0®2 alternative view posits that this
additional neural recruitment reflects a loss ofirak specificity and efficiency with
aging, especially when it is present despite waesgormance in the older than in the
young adults (Colcombe et al. 2005; Park et al.1260%pma et al. 2007; Zarahn et al.
2007).

Our protocol provided the opportunity to test wigethny neural over-recruitment

observed in the present study reflects a comperysatoan inefficient use of neural
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resources with increasing task difficulty. We ctated an overall measure of the degree
of recruitment of brain regions sensitive to tagksénds with accuracy on the high-
conflict nogo condition of the complex task (whage-differences mostly occurred). The
compensatory account would suggest that the olfldtsawho showed more neural over-
recruitment in the first run would also be expedieg@erform better on this run (positive
correlation). An opposite prediction can be madehaninefficiency account; that is, the
older adults who over-recruited these regions noor¢he first run would also be the ones

that show worse performance on this run (negativeetation).

Method

Participants. Fourteen young (8 females; mean age: 27 yearser&ig34) and 14
older (9 females; mean age: 70 years, range: 6@«@Qhteers took part in the study. All
the participants had normal or corrected-to-nombn. All were right-handed with an
average score on the Edinburgh Handedness Inve(@dyield 1971) of 87 and 89 for
young and older, respectively. None of the paréinig had any history of drug or alcohol
abuse, or history of psychiatric, neurological, ather medical illness, which might
compromise cognitive function. None reported memoryother cognitive problems
noted by either themselves or their relatives amehds. The two groups were also
matched in their education level (17 and 16 yefnsyoung and older, respectively).
Given this high level of education, the resultshed present study cannot be generalized
to the whole aging population. Mini Mental StateaBination (Folstein et al. 1975) was
administered to older participants in order to sorthem for dementia (score range: 28-

30/30). Each patrticipant signed an informed configttwas previously approved by the
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local Ethics Research Board, and received a comagiensof 50 dollars. Part of the data
of the young group (simple task) has already begronted elsewhere (Vallesi et al.
2009a).

Experimental material and design. Stimuli were presented centrally against a grey
background. Participants viewed the stimuli throaghirror placed on the head coil.
Go/nogo stimuli were letters and numbers writtefimes New Roman font and colored
in blue or red (50% each). In the simple task, tgaudi were “red O” and “blue X", and
nogo stimuli were “blue O” and “red Xh{gh-conflict nogo), on the one side, and red
and blue numbers 2 and I8y-conflict nogo), on the other side. In the complex task, go
stimuli were red vowels (A, E, I, U) and blue conaots (L, N, P and Z), and nogo
stimuli were blue vowels and red consonahigh-conflict nogo), or red and blue
numbers 4, 5, 6 and Togv-conflict nogo). In both tasks, the association between colour
and go-nogo letters was counterbalanced acrosecabParticipants briefly familiarized
with the task and stimuli before entering the seamoom to ensure that they understood
the instructions and to reduce anxiety.

Each trial began with a go or nogo stimulus lasforg300 ms. The deadline for the
go response was 2 sec after stimulus onset. A btam&en followed the stimulus
presentation. Inter-Stimulus-Interval varied rantioand continuously between 2.2 and
4.2 sec. This manipulation was important to santipée whole hemodynamic response
function. Participants performed 2 consecutive riomseach task. Each run had gd
(50%), 32high-conflict nogo (25%) and 32ow-conflict nogo (25%) stimuli. Although
there was an equal number of go and nogo trialenvame only considers the conflicting

go/nogo stimuli belonging to the same categorytgis), nogo letters were half as
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frequent as the go letters, a typical manipulatiorthe go/nogo literature meant to
produce prepotent go responding (e.g., Hester, Muyrand Garavan, 2004; Nielson et al.
2002; Rubia et al. 2001).

The total number of test trials was 512. Participarere instructed to press a button
with the index finger of their dominant hand asrs@s they saw a go stimulus, and
refrain from responding when a nogo stimulus apgkarhus, the experiment consisted
of a 2 task (simple vs. complex) by 3 conditigo, (high-conflict and low-conflict nogo)
by 2 run (first and second run) design. Six famitiation trials preceded each run.
During the presentation of these initial trialsygrparticipants received visual feedback
about their performance. The order of presentabibthe 2 tasks was counterbalanced
across participants.

Analysis of the behavioural data. The familiarization trials and the first test tnaére
discarded from analyses. Moreover, the low-conflmgjo condition was discarded from
subsequent behavioral analyses because perforroartbese conditions was at ceiling
in both groups and tasks (see Figure 1). Accuraty dn the go and high-conflict nogo
stimuli were analyzed separately by means of a 2x@ixed ANOVA with task (simple
vs. complex) and run (first vs. second) as theiwitfubject factors, and age (young vs.
older) as the between subjects factor.

Response Time (RT) analysis was limited to the goditions only, because not
enough commission errors occurred for the nogo itiond. A 2x2x2 mixed ANOVA
was carried out on the go-RTs, with task (simplecesnplex) and run (first vs. second)

as the within-subject factors, and age (young Merp as the between subjects factor.
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Image acquisition and data pre-processing. Images were acquired on a 3T Siemens
Magnetom Trio scanner with a matrix 12-channel heml Functional volumes were
obtained using a whole head T2*-weighted echo-planage (EPI) sequence (repetition
time, TR: 2 s, echo time, TE: 30 ms, flip anglé; F0°, 28 oblique axial slices with
interleaved acquisition, 3.1 x 3.1 x 5 mm voxebtaton, field of view, FOV: 20 cm,
acquisition matrix, AM: 64 x 64). The first 5 vol@s were discarded to allow the
magnetization to reach steady state. Physiologiat (heart and respiration rate) were
acquired during the scanning session. Anatomicafjgs were acquired using a MP-
RAGE sequence (TR: 2 s, TE: 2.63 s, 160 obliqual &tices, with a 1 cubic mm voxel
size, FOV = 25.6 cm, AM: 256 x 256), either beforafter the functional images
(counterbalanced across subjects). Stimuli weregnted visually through a mirror
mounted on the coil that reflected images fromaegutor located at the bottom of the
scanner. Finger-press responses were recorde@dWMRI-compatible response pad. T2
Fluid Attenuated Inversion Recovery (FLAIR) sequen€TR: 9 s, TE: 96 ms, FA: 165°,
FOV: 2.2 cm, AM: 256 x 162) were acquired at thgibring of the MR session to
assess the presence of white matter disease, &épecihe older adults. No participant
was found with white matter hyperintensities owdide normal range.

Part of the pre-processing was performed with AFNdoftware

(http://afni.nimh.nih.gov/Cox 1996). EPI time-series data were correcteddodiac and

respiratory parameters (program 3dretroicor) amnddifference in the timing of slice
acquisition (program 3dTshift). Six-parameter rididdy inter- and intra-run motion
correction was then performed by co-registeringurads to a reference EPI volume

(AFNI program 3dvolreg). Co-registration to a funol MNI template (EPI.nii) and



Over-recruitment in the aging braihl

spatial smoothing (8-mm Gaussian kernel) was pewadrin SPM5 (Friston et al. 1995).
Group analyses were performed using Partial Legqati® software (PLS, Mcintosh et
al. 1996). The anatomical scan was first co-regaste¢o the functional run that occurred
closest in time in AFNI during reconstruction (pragn siemenstoafni-beta2), and then
co-registered to a structural MNI template (T1.miBSPM5.

PLS We describe the conceptual details of the PLS aisiy the following
paragraphs (but see Mclintosh et al. 1996, for @rdetailed explanation). PLS is a set of
multivariate statistical analyses that assessdlagions between any set of independent
measures, such as the experimental design, aridbadependent measures, in our case
the whole brain Hemodynamic Response Function (HRE$ carries out the
computation of the optimal partial least square®fcross-block correlation between the
independent and dependent measures.

We used task-PLS, an analysis that identifies pegtef brain voxels whose signal
change co-varies with the experimental conditioAstrial was defined as a signal
segment, beginning at the stimulus onset and @stilags, that represents the response
of each voxel averaged across trials. Each lagesponds to a TR (2 sec). The HRF for
each trial was expressed as the intensity differefrom trial onset, allowing
investigation of changes in task-related activitdifferent lags along the whole temporal
segment. No assumption was made about the shap®ef All task conditions were
included in this analysis. Condition averages fachevoxel and lag were expressed as a
deviation from the grand mean of all conditionsldnys. The deviation matrix undergoes
singular value decomposition (SVD) to extract adddatent variables (LVs), which are

defined as orthogonal pairs of singular vectorsesehvector pairs reflect a symmetric



Over-recruitment in the aging brait?

relation between a cohesive pattern of brain agti@@ingular image) and a particular

experimental effect represented as derived optiomadtrast, or design scores. The
numerical weights within the singular image ardethbkaliences and can be positive or
negative. The singular value for a LV is the cosace between the brain and the design
scores. Each LV explains a progressively smaltncgntage of the total covariance

pattern, until all the covariance has been expthif®r each LV, PLS yields also brain

scores that indicate how strongly individual sutgeexpress the patterns on the LV.
These scores are calculated by multiplying the irmages by the singular image on a
particular LV for each subject. Finally, when bratores are computed for each time lag,
a temporal brain score is obtained.

A permutation test is used to compute the overahikcance for each LV
(MclIntosh et al. 1996). The data matrix rows amedoanly reordered and a new set of
LVs is calculated for each permutation. For therenir experiment, 1000 permutations
were used. If the singular value of each new LVeexied the original value more than
99% of the times (p = .01), a LV as a whole wassasred significant. To determine the
reliability of the saliences identified by the LVal] data were submitted to a bootstrap
estimation of the standard errors, by randomlyamysing subjects with replacement 200
times. PLS is recalculated for each bootstrap sarplidentify those saliences whose
value remains stable regardless of the sample nhdse ratio of the salience to the
bootstrap standard error is approximately equitalera z score (Efron and Tibshirani
1986).

Clusters with at least 15 contiguous voxels witeadience to standard error ratio

(bootstrap ratio, BSR) bigger than 5 (approximatsgresponding to p < .00001) in each
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lag were considered as reliable. Coordinates of/txel with the peak BSR within each
cluster were obtained in MNI space and convertéal Tralairach coordinates to find the
likely gyral locations using Matthew Brett's tranghation
(http://www.mrccbu.cam.ac.uk/Umaging/mnispace.htrAlpproximate Brodmann areas
were then identified using the Talairach Daemom(aster et al. 2000).

A preliminary task-PLS analysis including all thed@nditions (3 go/nogo conditions
x 2 tasks) and groups (younger and older) showednaplex pattern of results, but no
difference in design scores for go stimuli in thw tage groups and tasks was observed,
as can be appreciated in Supplementary Figure I84 phttern replicates previous results
showing that most of the age-related fMRI differefién go/nogo tasks occur in nogo
trials (Nielson et al. 2002). To focus on the meshsitive conditions (high- vs. low-
conflict nogo) and also to avoid confounds deriftean the differences between the go
condition and the other two conditions (i.e., deufbequency of occurrence, requirement
of a motor response), we conducted a task-PLS sisa(yeported here) that did not
include go conditions. This analysis showed a $&kover-recruitment of brain regions
in the older group during the complex task (seeuR&s Two subsequent PLS analyses
were run to understand if the over-recruitmentrairbregions involved in the processing
of high-conflict nogo items in the complex task wasdulated as a function of learning
from run 1 to run 2 in the older group. A first &rss included both tasks (simple and
complex). Since this analysis showed that critiage-related differences in practice
effects occurred exclusively in the complex tasksexond analysis focused on the

complex task only (fully reported here).
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As reported below, this analysis demonstrated ar-macruitment of an extensive
set of brain regions in the older group with higinftict nogo trials on the first run of the
complex task. In PLS, the brain scores are an irafelow strongly each individual
contributed to a given LV. Hence, for both group brain scores in this condition were
correlated with the accuracy data on the same tiondusing a Pearson correlation
analysis to get a hint on whether over-recruitmeas actually beneficial or detrimental
to the initial performance in the older group. Train scores for the high-conflict nogo
condition in the first run of the complex task weileo correlated to the percentage of
accuracy improvement in the second run (i.e., perabfferences with respect to
accuracy in the first run), in order to detect tia¢ure of the relation between initial over-

recruitment and later performance.

Results

Performance results. Accuracy and RT data are presented in Figure 1.

Accuracy. Older participants tended to make significantlyrenoommission errors
(i.e., go responses) than young ones on the higfiiconogo trials [age main effect:
F(1,26)=4.1,p = .053]. These types of errors were more freqé@mboth groups in the
first run than in the second one [run main effé€t,26)=7.9p < .01] and in the complex
task than in the simple one [task main effét,26)=5.5,p < .05]. A significant 2-way

interaction indicated that commission errors tchhegnflict nogo stimuli were especially
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frequent in the first run of the complex task [putask interactionf(1,26)=8.6,p < .01].
The ANOVA concerning accuracy on go stimuli did neteal any significant effect.
Response Times. Older subjects tended to be slower than young ¢ags main
effect: F(1,26)=4,p = .056]. RTs were longer in the complex than i $imple task [task
main effect:F(1,26)=121.8p < .001], and in the first than in the second rum[main
effect: F(1,26)=17.8p < .001]. RTs were much longer in the first rurthed complex task
than in the second one, while the difference betvtee two runs was much reduced in
the simple task [run x task interactioR(1,26)=5.9,p < .05]. This pattern was
particularly pronounced in the older group [agei® K task interactiorf(1,26)=8.9p <
.01]. When the raw data for each subject were toam®d to percent change scores (i.e.,
mean RT in each condition divided by the overalam®&T and then multiplied by 100)
this critical 3-way interaction was still signifie[F(1, 26)=6.9, p=.01], thus showing

that it was not an artifact of general slowing.

fMRI Data.

PLS results: high-conflict and low-conflict nogo. This analysis yielded one
significant LV only (observed singular value = 29%%&plained cross-block covariance =
44.4%,p < .001). The design scores for this LV are shawhigure 2a.

This LV showed a contrast between high-conflict doa-conflict nogo in both
tasks. Critically, it also showed a nogo conditntask complexity by age interaction.
Older participants had greater (opposite) desigmescfor conflict and low-conflict nogo
in the complex task than in the simple task, amh young participants in both tasks. The

individual subjects’ contribution to a LV is estited with an overall measure called
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brain score (see method). The brain scores for kacfi.e., temporal brain scores) were
submitted to a mixed ANOVA with nogo condition (higonflict vs. low-conflict) and
task (simple vs. complex) as the within-subjectdes; and age (young vs. older) as the
between subjects factor. The nogo condition by tagkgroup three-way interaction
showed a strong tendency in lagRg1,26)=3.9,p = .059] and was significant in lag 4
[F(1,26)=4.4,p < .05], while it was far from significance in tlm¢her lags (see Figure
2b). Therefore, clusters with reliable salienceasldgs 3 and 4 are listed in Table 1 and

shown in Figure 2c.

----Insert Figures 2 and Table 1 about here-----

Clusters that showed greater activation for highflact than for low-conflict nogo
conditions, especially in the older group and ia ttomplex task, included bilaterally:
inferior and middle frontal gyrus, inferior parietabule, posterior cerebellum; on the
left: insula, precentral gyrus, fusiform gyrus, gmen; on the right: anterior cingulate,
inferior temporal gyrus and precuneus. The onlgteluthat showed more activation for
the opposite contrast, that is low-conflict vs.Hgpnflict nogo, mainly in the complex
task and in the older group, was located on thdralosnedial prefrontal region
(Brodmann area 11).

PLS results: practice effects. A first analysis of practice effects from run 1rtm 2
included both tasks. As the design scores suggestré 3a), LV1 (observed singular
value = 41.2, explained cross-block covariance %25 < .0001) expressed a complex

interaction between task complexity, run, conditand age. In the simple task, design
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scores for high-conflict and low-conflict nogo dmshed from run 1 to run 2, without

substantial difference between the two age-gro@ns.the other hand, marked age
differences emerged in the complex task. To betteterstand this interaction, and to
focus on the conditions in which learning occurnedierms of accuracy in both groups
and in terms of speed especially in the older adule focused on the complex task only
in a subsequent task-PLS analysis that we repdawberhis analysis included the

following conditions: age (young vs. older), ruirdf vs. second), and nogo condition
(high-conflict vs. low-conflict nogo).

The first LV only was significant (observed singuialue = 38.9, LV1 explained
cross-block covariance = 42.4%< .0001). The design scores are reported in Fighre
Positive saliences indicate brain voxels differ@htimore activated in processing high-
conflict nogo stimuli and negative saliences intkcgoxels more activated in processing
low-conflict nogo stimuli. Moreover, as the desiggores show, the over-recruitment of
brain regions present in the first run of the caswptiask in older subjects diminished in
the second run. On the other hand, young subjesets the same network as older in the
second run only. Hence, age-related difference® wbserved in the learning phase of
the complex task (run 1), and disappeared onctagikehas been practiced for one run.

We also examined the brain scores in each of thegd (temporal brain scores;
Figure 3c), by means of mixed ANOVAs with nogo citiod (high-conflict vs. low-
conflict nogo) and run (first vs. second) as théhimisubject factors, and age (young vs.
older) as the between subjects factor. The effeictterest of these ANOVAs would be a
3-way interaction between nogo condition, run age. & his interaction was significant

for lags 2-4 F(1,26) range = 4.8-8.2l ps < .05], and showed a weak trend for lag 5 (p
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= .1). Clusters with reliable saliences in lags aréd reported in Table 2 and shown in
Figure 3d.

Clusters that showed greater activation for highfloact nogo than for low-conflict
nogo conditions (positive saliences), especiallyhim older adults and in the first run of
the complex task, included bilaterally: inferiordamiddle frontal gyrus, inferior parietal
lobule, and posterior cerebellum; on the left: lasufusiform gyrus, cuneus, and
cerebellum; on the right: superior medial front@lug. No cluster with negative saliences

(i.e., low-conflict nogo > high-conflict nogo) suved the chosen threshold.

----Insert Figures 3 and Table 2 about here----

In the older group only, there was a positive datren between brain scores and
accuracy in the high-conflict nogo condition durithg first run of the complex task (r =
.69, p = .007, see Figure 4), suggesting that oe@mitment of these regions was
actually beneficial to the older individuals’ pemitance. There was a trend for a negative
correlation between brain scores in this conditeomd the percentage of accuracy
improvement in the same high-conflict nogo conditturing the second run (r = -.51, p
= .06). This trend suggests that those older stsjdwt actually over-recruited the
network most for this condition on the first rurdiot improve much on the second run,
probably because they were already performingeat best on the first run. On the other
hand, young subjects did not show any significamtetation between brain scores in the
high-conflict nogo condition of the first run andrformance on this condition during the

first run or improvement during the second run (bmth, p > .37), although ceiling
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effects may play a role in this case. Finally, bnain scores for the high-conflict nogo
condition in the second run of the complex task dad correlate significantly with

performance in the second run in either age group.

----Insert Figures 4 about here----

Discussion
The present study investigated age-related diffsgern the recruitment of brain
regions as a function of progressively increasiagkidemands. To this aim, three
features were systematically manipulated: cognitbemflict (high-conflict vs. low-
conflict nogo stimuli), complexity (simple vs. cofap task) and novelty (first vs. second
run).

Previous studies in the literature have alreadywshthat conflict (Nielson et al.
2002; Gazzaley et al. 2005; Zysset et al. 2008k tammplexity (Viskontas et al. 2004;
Gazzaley et al. 2007) or novelty (Kramer et al. 9 rickson et al., 2007b) may affect
performance and brain activation in older adultéie Tcurrent study extends these
previous findings by combining, in a single expemtal design, manipulations
concerning these three task components. As itapiiear from the following discussion,
this design was successful in showing that thishination of factors is important for
observing age-related differences in brain actbrati

At the behavioral level, participants in both ageups performed at ceiling in the
low-conflict nogo condition, while they made a nwnlof commission errors for the

high-conflict nogo stimuli, especially in the corapltask. Both age-groups improved
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their performance to high-conflict nogo stimuli fmothe first to the second run of the
complex task. Analyses on RTs to go stimuli showedt beneficial practice effects in
speeding up the task execution especially occunatie older group for the complex
task. We speculate that this speeding up was sirmlago and high-conflict nogo
conditions, but given the nature of the go/nog&,tase did not have a measure of speed
for the latter.

In the following sections, we will describe the auative effects of the factors
influencing age-related changes in the functiomalrbactivity (i.e., conflict, complexity
and novelty). First, we will consider the effect afgnitive conflict. A cohesive set of
brain regions, including bilateral fronto-parietalgions and superior medial prefrontal
cortex, was similarly activated in both age grodgs high-conflict nogo stimuli and
deactivated for low-conflict nogo stimuli in thergler task. Some of these regions, such
as right lateral prefrontal cortex, have been eelab inhibitory processes (e.g. Aron,
Robbins and Poldrack, 2004; Hester et al., 2004jdret al. 2001). Notwithstanding the
specific role of each of these neural nodes (SamssAlexander, 2007), taken together
they overlap with an extensive fronto-parietal revthat is involved during most
cognitive control tasks (Duncan & Owen, 2000; Foale 2005; Kelly et al. 2006), and
shows intrinsic functional connectivity even attr@sncent et al. 2008).

However, marked age-specific modulation in thevation of these regions emerged
as the task difficulty increased, as reflectechminteraction with task complexity. Older
participants over-recruited these regions when lmbinig-nogo stimuli were embedded
in the complex task. These results corroborateipueviMRI studies of aging reporting

over-recruitment of a similar fronto-parietal netwaluring conditions requiring top-
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down control (Morcom et al. 2007; Grady 2008; Zysee al. 2007). Thus, over-
recruitment especially occurs in the older grouthvimcreasing task-demands (it mostly
occurs for high-conflicting vs. low-conflict nogdirauli and during the complex vs.
simple task).

Since age-related difficulties are likely to emengenon-routine situations, such as
during the early phases of task performance (Kmmer et al. 1999; Erickson et al.,
2007b), the early and late runs of the complex veste directly compared in a follow-up
task-PLS analysis. This analysis showed a setahbegions similar to those extracted
in the previous analysis, and further characteritesir modus operandi by revealing
opposite effects of practice for the two age-grou@dder participants showed a
pronounced cohesive activation of these regionthénfirst run, while activation was
reduced in the second run. In contrast, in the gogmoup, this set of regions did not
show a consistent activation in the first run, bstoverall activation appeared in the
second run only. As a result, pronounced age-deperdifferences were present in the
pattern of brain activation in the first run, whilleose differences disappeared in the
second run.

This study extends previous work by showing that dten reported non-selective
over-recruitment of brain regions, including hongwas fronto-parietal areas in both
hemispheres (Cabeza 2002; Logan et al. 2002; Raak €001; Reuter-Lorenz et al.
1999), mostly occurs in aging with increasing tdsknands. More specifically, older
adults need more neural resources than youngerot®t initially set up the criteria for
overcoming prepotent responding under complex tag#s. Our next question was

whether using these extra neural resources wasctrbeneficial or detrimental for older
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adults’ performance. Important insights on thisuesscame from brain-behavior
correlation analyses. Correlation analyses inddexwed that neural over-recruitment
mostly occurs in those older individuals who wererensuccessful in dealing with
increasing task-demands, that is, those individudls made less commission errors (i)
in the conflicting nogo condition (ii) of the firstn (iii) of the complex task. Moreover,
this initial over-recruitment tended to occur muldss in the older adults whose
performance improved during the second run onlggssting a less efficient capacity to
initially set up the task criteria in this sub-gpou

Therefore, neural over-recruitment is beneficialifotial task performance in aging,
favoring compensatory accounts over inefficience(see Grady 2008, for a review).
More generally, these findings underscore the itanme of looking at the between-
subjects variability in the use of spared neurabueces to determine the functional
neuroanatomy that distinguish the older adults et gracefully from those who do not
(Buckner 2004; Cabeza, Anderson, Locantore, & Midht 2002).

A possible limit of the brain-behavior correlatianalysis used in the present study is
that it correlates errors with a measure of braitivation on correct conflicting nogo
trials. Accuracy was the only behavioral measurailable for this condition in the
present study, and it is conceivable that the ssubgects that produce most commission
errors on nogo trials are those that mostly sufifem response conflict, and mostly
activate partial go responses even on correct togs, although we did not have any
measure to support this assertion in the presenystuture studies should employ a
measure of partial response activation, such astreteyographic recording on the

peripheral muscle used for the go responses otredgephalographic correlates of
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response preparation (see Vallesi & Stuss, in press a more suitable dependent
variable to correlate with brain activation on emtrnogo trials.

An apparently surprising result is that, in thestfirun of the complex task, young
adults did not activate the fronto-parietal netwerigaged in a cohesive manner by older
participants and, to a minor extent, by both groimpsghe first run of the simple task
(Figure 3a). A similar pattern has already beercilesd in young adults when learning
occurs specifically under highly demanding taskdittons (Erickson et al. 2007a; Sakai,
Ramnani, & Passingham, 2002), suggesting a linkvdxt this increasing activity and
the emergence of a strategy that is gradually peinuoung adults. At any rate, this
opposite pattern of results shows that the relabetween functional brain activity and
performance may change with age up to the poimvefturning in different age groups
(e.g., Rypma and D’Esposito, 2000; Vallesi et @A), an issue that certainly deserves
further investigation.

Possible differences in the strategy used by tleeage groups should be considered.
The fact that older subjects use the regions belgntp the control network in the
learning stages of task performance (cf. Chein &n@aer, 2005) more than young
controls (and reduce the need to use it after jpgcnay reflect a strategic shift towards
a more reflective, deliberative cognitive styletwége (Velanova et al. 2007). While the
older adults as a group seem to use this conttalank to reach a high performance level
as soon as they begin to face a complex task, yodigiduals might start to use this
network later on, probably to compensate for fagigud distraction arising as the task

goes on, selectively in the high-conflict nogo I&riaf the more difficult task, in which
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they need to keep their focus on a task that doebectome automatic with practice due
to its complexity (see Kelly et al. 2006, for siariresults).

However, it is not plausible that young people dad nse brain resources at the
beginning of the complex task, as it would appéawnie only considers the analyses
reported here. Since the task-PLS analysis, likencipal Component analysis,
emphasizes the latent variables that explain mio$teovariance in the data, it is possible
that it does not detect more subtle age-specifinadycs when both groups were
considered together. To overcome this potentidalpitadditional analyses (reported in
the supplementary material) focused on the brativigcin young adults while they
perform the complex task. Results of these analgsggest that, in the young group,
only a sub-part of this extensive network is camesily sensitive to practice effects (see
Table S1 and supplementary Figure S2).

Notwithstanding the fact that different and not essarily mutually exclusive
accounts may explain the practice-related divergdmtween brain activations in the two
age groups, the present results underscore thertamge of training in reducing age-
differences both at the behavioral and at the ndexeel, especially with high task
demands. This can explain why when participantgigdy overlapping with those tested
here) were retested 1-7 days later in a subsedaRRt session with the same tasks
(Vallesi et al. 2009c), any age x task complexityteraction disappeared both
behaviorally and at the neural level as shown byERP data.

These findings corroborate and extend the exidii@gature. In a recent fMRI study
(Erickson et al. 2007b) younger and older adult$opeed two visual tasks (color and

letter detection) either separately or simultanBou®articipants then underwent
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extensive training on the tasks over several we€kder adults showed a decrease in
dorsal prefrontal activity after training, while woger subjects showed an opposite
pattern. The present study extends these resulshdwing that age-related differential
effects of practice do not occur with extensivaniray only (Erickson et al. 2007b),
because even a modest amount of practice duringgke £xperimental session is enough
to dramatically reduce age-differences in functioreural activity (see aldéramer et al.
1999, for similar behavioral evidence).

A seminal neuroimaging study by Logan and colleag(#®02) showed that it is
possible to reduce under-recruitment of certainnbragions when older adults are
provided with explicit instructions on effectiveraegies to perform a given task.
Complementing these results, the present data gtavalso over-recruitment associated
with age, which was present in that study indepstigleof the instructions provided
(Logan et al. 2002), can decrease with practicenewithout exogenous instructions.
These findings suggest that the aging brain isldapaf functional flexibility to a larger
extent than was previously believed.

As a flip side of the extra engagement of frontagdal regions in high-conflict nogo
trials, older adults deactivated more these regidmsng low-conflict nogo trials. A
possible explanation is that these areas are guhstngaged in the task in the older
group and phasically decrease their activation afilgr the onset of low-conflict nogo
stimuli. On the other hand, age-specific increaaetivation for the low-conflict nogo
stimuli was mainly present in the rostral mediafpyntal region (Brodmann area 11).
Previous studies have shown that this region isctigely engaged whenever stimuli

markedly deviate from previous ones, either in fiecaor identity, even when they do
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not require any overt decision (Nobre et al. 1998trides et al. 2002). The present data
suggest that older adults engage this region metensively for deviations from the
context (particularly within a novel and compleskpand, more generally, that they are
less able than young adults in suppressing prowpssi non-target information (cf.
Gazzaley et al. 2005; Vallesi et al. 2009c; Valleksher, & Stuss, 2010).

The go/nogo procedure adopted here allowed us/asiigate age-related changes in
overcoming prepotent response tendencies. Howtheeyse of nogo stimuli could make
it unclear as to whether the brain regions thabass-activated in the older adults reflect
a greater activation of inappropriate go-responeethe high-conflict nogo condition
(failure in response suppression), engagement rtfa@gprocesses necessary to suppress
these inappropriate responses, or both. The aetlvateas were distinct from those
activated for go-conditions when the latter wersahcluded in the PLS analyses (not
reported here), thus making the second alternagia¢ively more plausible. Furthermore,
since over-recruitment of the specific cognitiventcol regions reported here was more
present in successful older individuals, if thiserecruitment is related to the need to
suppress partial activation of wrong go responsesuld have a compensatory role. We
have tested with a more appropriate ERP methodolMwgther age-related partial motor
activations can be detected even in the absenegrafs for different nogo conditions
(Vallesi & Stuss, in press). The results of thisdst showed that this can be the case
especially in those older individuals who show dagjo-responses, further confirming a
compensatory view.

Overall, the current study suggest that older adnéed more neural resources to

implement task-setting, a putative executive fuorcthecessary to establish complex and
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non-routine task rules that compete with prepostimiulus-response contingencies (see
the first latent variable of the PLS analysis). Mauropsychological and neuroimaging
studies have postulated the existence of taskigettihether they localize it in left lateral
prefrontal cortex (e.g., Alexander et al. 2007); frontopolar cortex (Sakai &
Passingham, 2006) or in more extensive fronto-parieetworks (e.g., Dosenbach et al.,
2008; Vallesi et al., 2009a). Other authors haed wdifferent terms to express the same
construct according to the domain of investigatisnch as “sculpting the response
space” (Fletcher et al., 2000); cognitive assommtormation (e.g., Kim, Vallesi, Picton,
& Tulving, 2009); non-routine motor learning (Juegt et al., 1997); strategy production
(Shallice, 2004). However, task-setting shouldrbestigated more extensively in future
research, also from the cognitive point of viewfobe this unitary construct can be
confidently adopted as an alternative and moreirparsous account to the explanation
that neural over-recruitment occurs in aging wittreasing task demands, as for instance
by manipulating (possibly multi-componential) fasteuch as the need for suppression,
task complexity and novelty.

Changes in the coupling between neural activity heachodynamic response may
occur with age (D'Esposito et al. 1999; Huettedle2001). Nonetheless, these changes
mainly pertain to a decreased signal-to-noise rnatiolder adults, an effect that would
bring results somewhat opposite of those observedt. hMoreover, any intrinsic
difference in the hemodynamic response per sefasction of age could not explain the
condition-specific effects observed here.

In conclusion, the present study sheds light oncthrditions in which the neural

over-recruitment usually reported in neuroimagihgiges of aging may occur and on its
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possible functional significance. Compared to yarngdults, older individuals engage
more extensively a cohesive set of fronto-parie¢giions to successfully overcome a
prepotent and inappropriate response, but onlyef task is complex and novel. The
initial engagement of these regions has a compenysaile in aging, since it is strongly

associated to the degree of success in avoidingnission errors.
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Table 1. Reliable clusters identified for LV1 iretfirst task-PLS analysis including both

age groups (young vs. older), tasks (simple vs.ptex), and nogo conditions (conflict

vs. irrelevant-nogo). R = right hemisphere. L % legmisphere. BA = approximate

Brodmann location. BSR = Bootstrap ratio in the RI0@lysis.

Negative saliences

Talairach
Lag Cluster region BA x y z Size BSR
3 R Claustrum - 28 23 -1.2 68 -10
3 L Inferior Parietal Lobule 40 -48  -33 42 273 -9.9
3 L Insula 13 -28 19 43 60 -9.9
3 L Precentral Gyrus 6 -40 1.7 33 169 -8.9
3 R Precuneus 19 32 -64 35 194 -8.8
3 R Middle Frontal Gyrus 46 48 36 20 39 -8.2
3 R Cingulate Gyrus 32 8 21 39 119 -7.3
3 L Fusiform Gyrus 37 -48 59  -11 31 -7.1
3 R Inferior Frontal Gyrus 9 40 9 25 23 -6.1
4 L Inferior Parietal Lobule 40 -32 52 43 350 -10
4 R Inferior Parietal Lobule 40 32 -44 43 297 -9.7
4 R Uvula - 16 -75  -33 286 94
4 L Middle Frontal Gyrus 46 -44 36 20 127 -9.2
4 L Inferior Semi-Lunar Lobule - -32 72 37 104 48
4 R Middle Frontal Gyrus 46 51 36 20 96 -8.1
4 R Cingulate Gyrus 32 8 25 39 38 -7.9
4 R Inferior Temporal Gyrus 20 3 -47  -14 30 -7.7
4 L Fusiform Gyrus 37 51  -59 -14 43 -7.4
4 R Inferior Frontal Gyrus 47 32 27 8.1 34 -7.2
4 L Putamen (Lentiform Nucleus) - 24 39 -0.2 25 6.7-
4 L Fusiform Gyrus 37 40  -44 18 28 -6.6
Positive salience
Talairach
Lag Cluster region BA X y z Size Bootstrap
4 Bilateral Medial Frontal Gyrus 11 0 38 -19 3 8.4
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Table 2. Reliable clusters identified for LV1 irettask-PLS analysis concerning practice
effects in the complex task. This analysis inclutteglfollowing experimental conditions:
age group (young vs. older), run (first vs. secprajd nogo condition (conflict vs.
irrelevant-nogo). R = right hemisphere. L = leftnhephere. BA = approximate

Brodmann location. BSR = Bootstrap ratio in the RI0@lysis.

Positive saliences

Talairach
Lag Cluster region BA X y z Size Bootstrap

2 R Inferior Parietal Lobule 40 36 -43 43 23 6.3
3 R Inferior Parietal Lobule 40 48 41 43 174 9.4
3 L Insula 13/45 -28 23 3 50 9.0
3 L Inferior Parietal Lobule 40 -32 b2 43 214 8.5
3 R Middle Frontal Gyrus 46 48 36 20 38 8.0
3 R Inferior Frontal Gyrus 47 32 27 -5 51 7.7
3 L Inferior Frontal Gyrus 9 -44 9 29 50 7.2
3 L Middle Frontal Gyrus 46 -44 36 17 59 7.0
3 Medial Frontal Gyrus 6 0 14 44 59 6.9
3 L Cuneus 17 -16  -77 8 17 6.1
4 R Inferior Parietal Lobule 40 36 45 39 340 10.4
4 R Inferior Frontal Gyrus 46 44 39 13 79 9.5
4 L Middle Frontal Gyrus 46 -44 36 17 39 8.9
4 L Inferior Parietal Lobule 40 -32 b2 43 304 8.9
4 L Inferior Frontal Gyrus 9 -44 9 29 42 8.0
4 R Medial Frontal Gyrus 8 8 18 43 53 7.7
4 L Fusiform Gyrus 20 -40 40 -18 23 7.5
4 L Insula 13 -32 23 -1 19 7.3
4 L Culmen - -24  -63  -24 208 7.1
4 R Inferior Frontal Gyrus 47 32 27 -8 36 6.5
4 R Inferior Temporal Gyrus 20 51 -47 -14 19 6.4
4 L Inferior Semi-Lunar Lobule - 44 -68  -40 18 6.3
4 R Middle Frontal Gyrus 9 36 9 33 31 6.1
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Figure Captions
Figure 1. Behavioral data. (a) Percentage of errors (andiatdrerrors of the mean) as a
function of task, run, go/nogo conditions and dbgMean RTs (and standard errors of
the mean) of correct responses (in millisecondgjptstimuli as a function of task, run

and age.

Figure 2. Results of the first PLS analysis. (a) Design ss¢agbitrary units) for the
Latent Variable 1, according to age, task and ramyalition. (b) Temporal brain scores
(arbitrary units and sign) indicating how the bragtwork in panel ¢ generally responded
to the task conditions. The symbols * and ** indeca trend and a significant age x task
X nogo condition interaction in lags 3 and 4, resipely. (c) Brain clusters (number of
voxels> 15, bootstrap ratia 5) where design and temporal scores shown in panahd

b were mainly expressed. Time from stimulus orsetdicated on the Y axis of the
singular image and is expressed in lags (1 lagecRepetition Time). The X axis
shows the z coordinate of the axial slice in MNa@p Cold colors indicate clusters with
negative bootstrap ratios, which were differenyiatiore activated for experimental
conditions with negative design scores in paneldareegative temporal scores in panel b
(i.e., high-conflict nogo in both tasks and group8arm colors indicate clusters with
positive bootstrap ratios, which were differentiatiore activated for experimental
conditions with positive design scores in paneha@ positive temporal scores in panel b
(i.e., irrelevant-nogo in both tasks and groups)ke Bootstrap ratio map is superimposed

on the average anatomical scans from all 28 ppaints.
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Figure 3. Results of the PLS analyses on practice effectsd®st run 1 and run 2. (a)
Design scores for the Latent Variable 1 of the Rb8lysis including task, nogo
condition, run and age. (b) Design scores for taeiht Variable 1 of the PLS analysis
focusing on practice effects in the complex tasly.dexperimental conditions included
nogo condition, run, and age. (c) Temporal braores for the Latent Variable 1 of the
PLS analysis focusing on practice effects in then@Blex Task only. The symbol *
indicates significant age x nogo condition x ruteraction in lags 2, 3 and @) Brain
clusters (number of voxets15, bootstrap ratie 5) where design and temporal scores
shown in b and c were mainly expressed. Time fromusus onset is indicated on the Y
axis of the singular image and is expressed in(adsg = 2 sec Repetition Time). The X
axis shows the z coordinate of the axial slice iNIMpace. Warm colors indicate clusters
with positive bootstrap ratios, which were diffetialy more activated for experimental
conditions with positive (vs. negative) design &soin panel b and temporal scores in
panel c (i.e., high-conflict nogo). The bootstrapa map is superimposed on the average

anatomical scans from all 28 participants.

Figure 4. Correlation patterns between the individual braiorss for the high-conflict
nogo condition in the first run of the complex tdak obtained in the last Partial Least
Square analysis) and percentage of correct tnalsa same task condition for both the

young and older groups.
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Figure 1.
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Figure 2
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Figure 3
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Figure 4
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Supplementary task-PLS analysis. high-conflict and low-conflict nogo in simple vs.
complex task, in the young group only.

A Partial Least Square analysis was run in ordeurtderstand if learning effects
could be detected for the complex task also inybeng subjects, when they were
considered on their own and not in comparison Wité older group. This analysis
included 2 nogo conditions (high-conflict and loandlict), 2 tasks (simple and complex)
and 2 runs (run 1 and run 2). Permutation and braptsests were performed using the
same parameters as in the other PLS analysesedporthe text of the main article. Like
in those analyses, clusters with at least 15 coatig voxels with a salience to standard
error ratio (bootstrap ratio, BSR) bigger than ppf@ximately corresponding to p <
.00001) in each lag were considered as reliablerdioates of the voxel with the peak
BSR within each cluster were obtained in MNI sparel converted into Talairach
coordinates to find the likely gyral locations ugin mni2tal.m  script
(http://www.mrccbu.cam.ac.uk/Umaging/mnispace.htmiihe Talairach Daemon was
used to find the likely Brodmann areas (Lancastet.€2000).

This analysis yielded two significant Latent Vateg(LV). The first LV (observed
singular value = 30.5, explained cross-block carae = 27.8%p < .01) showed a set
of brain regions that decreased their activationnduhigh-conflict nogo conditions from
run 1 to run 2 in the simple task and increasent #ativation in the same condition from
run 1 to run 2 in the complex task, basically resiemy the pattern of design scores
observed in the young group in the PLS analysisrted in the main article (see Figure
3a, Young subjects’ panels). Critically, the sectumi(observed singular value = 26.2,

explained cross-block covariance = 20.69%; .052) extracted a set of brain regions that
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tended to decrease their activation during highiimdmogo conditions from run 1 to run
2 in the complex task (see Figure S2a). The clsisterolved in this LV are shown in
Figure S2b and the voxels with the peak bootstatips within each cluster are reported

in Table S1.
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Table S1. Reliable clusters identified for LV2 in the supplentary task-PLS analysis
including the young group only, with tasks (simpke complex), and nogo conditions
(high- vs. low-conflict nogo) as the experimentahditions. R = right hemisphere. L =
left hemisphere. BA = approximate Brodmann areaR BSBootstrap ratio in the PLS

analysis.
Positive saliences
Talairach
Lag Cluster region BA X y z Size BSR
3 L Inferior Frontal Gyrus 9 -44 9 25 35 7.2
3 L Superior Parietal Lobule 7 -36 -56 47 41 6.9
3 R Inferior Frontal Gyrus a7 32 23 -5 17 6.6
3 L Anterior Cingulate Gyrus 32 -8 18 43 16 5.5
3 L Insula 13 -28 19 -4 15 5.2
4 R Inferior Parietal Lobule 40 44 -37 39 18 6.1
4 L Superior Parietal Lobule 7 -32 -60 51 22 5.9
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Supplementary Figures
Figure S1. Design scores (arbitrary units) for the Latent ¥bke 1 (explained cross-
block covariance = 30.4%,< .0001) of the overall PLS analysis. This iniaalalysis
included all the conditions from the 3 (go, higmfiimt nogo, low-conflict nogo) x 2
groups (young, older) experimental design. Note titta design scores for the go

conditions do not vary between the two age-groups.
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Figure 2. Results of the supplementary PLS analysis. (a)ddestores (arbitrary units)
for the Latent Variable 2, according to task, rad aogo condition. (b) Brain clusters
(number of voxels 15, bootstrap ratig 5) where design shown in panel a were mainly
expressed. Main clusters from lag 3 only are sh(tind Repetition Time: 4-6 sec). The
X axis shows the z coordinate of the axial slic®IdI space. Warm colors indicate
clusters with positive bootstrap ratios, which weiféerentially more activated for
experimental conditions with positive design scangganel a. The bootstrap ratio map is

superimposed on a representative subject’'s anaabstan.
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