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Abstract

We haverecentlyshown that intrinsic fluctuationsf ongoing activity duringpaseline impact on
perceptual decisions reported fIom ambiguous visual stimul&. Hesselmann, Kell, C.A., Eger,

E., Kleinschmidt, A., 2008)To testwhetherthis resultgeneralizegrom the visual object domaiio

other perceptual and neural systerige current study investigatdte effect of onging signal
fluctuations in motiorsensitive brain regions on the perception of coherent visual maten.
determined motion coherence thresholds individually for eaclecubsing a dynamic random dot
display. Duringfunctional magnetic resonance imagi(iyIR1), brief events of suf supra and
periiminal coherent motion were presented with long and variable-gtiteulus intervals between

them. Oneachtrigs ubj ects reported whether they had p
andfMRI signal tme courses were anaBd separatelgs a function of stimulus and percept type

In the rightmotion-sensitiveoccipitotemporal cortex{iMT+), 6 ¢ o0 h e r e n toféperifpménalc e p t s
stimuli yielded a larger stimuus voked r esponse t lrastimulus lzaselihe mé
activity in this region wasalsosignificantlyhigher inthese6 ¢ o h e r etnht &n tirn adrsando
As in our previous study, howevdhe relation between ongoing and evoked actiwgs not

additive but interaetd with perceptuabutcome Our data thus suggest that endogenous fluctuations

in baseline activity have a generic effect on subsequent perceptual decisions. While mainstream
analytical techniques used in functional neuroimaging do not capture thisdddive effect of

baline on evoked response, it is in accord with postulates from theoretical frameworks as, for

instance, predictive coding.

Introduction

Fluctuating pontaneoudbrain activity is a prominenbut persistey puzzlingfeature in any type
of neupbphysiologi@l recording It can be thought of as unexplained variance in relation to the
experimental paradigm under investigation &ad beembservedvith a wide range of methodm

differenttemporal and spatial scal@B. Biswal et al., 1995; T. Kenet et al., 2004; D. Holcman and
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M. Tsodyks, 2006; M. D. Fox and M. E. Raichle, 200%) fMRI studies,spatially distributed
fluctuations of the blood oxygenation level dependent (BOLD) sigriave been linked to
variability in action (motor output (M. D. Fox et al., 2007%)and perceptionirf the somatosensory

and nociceptive domai(M. Boly et al., 2007) We have shown that even local intrinsic activity
variations, occurring over and above those that manifest in distributed patternan ptaportant

role in visual perception. V& foundthat the wariability in ongoingBOLD activity of fusiform face
sensitive visual areg$&FA) biases thavay in which subjects percenRu bi nds ¢V asesd C
ambiguity Right FFAactivity levelsduring prestimulusbaselineandat the evoked response peak
weres gni fi cantly corr el aface percepig®. Hesseimbnn,eKellf GA, r e p
Eger, E., Kleinschmidt, A., 2008 line with different theoretical accounts of perceptual decisions
(P. L. Smith and R. Ratcliff, 2004; K. J.iston, 2005) however,response peakariability did not
originate froma passive propagatioaf variability prior to stimulationover time This latter
observationspeals against asimple additivemechanism, by whiclevokedactivity superimposes

onto on@ing activity(A. Arieli et al., 1996)

Herg we sought to investigate whether the$ectsof ongoing activity fluctuations would also be
observed in motherdomain of vision and thus other cortical substrates tdtgetedthe perception

of coherent \gual motion ananotion-sensitivehumanbrain areasIn the macaquérain, amedial
temporal(MT) areais crucial for integrating local motion vectors and thpserceving coherent
motion (R. T. Born, Bradley, D.C., 2005Direct electrical stimulatiorof MT biasesmotion
direction judgement$C. D. Salzman et al., 1990) variety of fundional neuroimaging studies
have related subjectsd perceptual experience
homologue of MT(R. Goebel et al., 1998; G. Rees, Friston, K., Koch, C., 2000; J. T. Segestes

G. M. Boynton, 2007)

We framed our experiment as a perceptual decision t@skan ambiguous stimulugh a sparse

eventrelated fMRI design with long and variablerest intervals, subjects werentermittently



exposed tomotion stimuli with a cohereoe level at their previously determined detection
thresholds as well as to occasional-subsupraliminal stimuli. Theyeportedfor each triawhether
they perceivedo c o her e nt 6 maiion. We rtestedd/etmsd higher pre-stimulus BOLD
activity levek in hMT+ biagd perceptiontowards reportingoherent visual motiorf-urthermore,
we analyed the effect opre-stimulusactivity on the peak BOLD response in order to corrobdrate

or not- our earlier findingof anonadditive relation between evokeddnongoing activity

Materials and methods

Subjectsand experimental protocol

Twelve right-handedsubjectswith normal or correctetb-normal visual acuity{6 female, average

age: 21 years, range: i13 years) gave written informed conseWe had ethicscommittee
approval for this studyStimuli were videeprojected at 420cmviewing distance using a VSG2/5
stimulus generator card (CRS, Rochester, UB)muli weredynamic dotdisplays of 500 white

squars (size 0.2°)randomly distributed on a dark greywnulus (23°)(Fig. 1A). Subjects were
instructed to maintain gaze within a central blue rectangle (1°) surrounded by a light grey circular
patch (3°) throughout the experimental sessi&@ygtracking during fMRI was not availahbleut

off-line recordingsensured that subjects couldell comply with this instruction.For 355ms
intervals, stimuli moved upor downwards, at 4s and with variable coherence. Noise dots moved

in a orandom wal k©o. Signal d1’ms3 Subjectdvera asked tmi t e d
report as quickly and accurately as possible by hand key presses after each stimulus whether they
had perceived coherent or random motion.

Prior to scanningve used the method of constant stimuli (30 trials each with motion coherence of

2, 6 10, 14, 18, 22, and 26%, order randomized, no feedbac#t¢teymine individual motion
coherence threshold50% levelof acumulative normal distributiofit, average motion coherence

threshold across subjects 13f&nge 8 to 20%). During fMRI, three mian coherence levels were



used: subminal (1% coherencg?20 trials), petiminal (individually estimatedheshold 60 trials),
and supriminal (30% coherence, 20 trials). Stimuli were presented in2Bvaninutesessionsvith
50 trials each. Between stidn the display was static for intstimulus intervals (ISI) of 20 to 40s

that wererandomlyselected from a uform distribution

Acquisition and processing of fMRI data

Functional image$or two 1000 volume experimental sessions and a 208 volumeziecakssion
were acquiredn a 3T MRI scanner (Tim Trio, Siemens, Erlangayn) 2*-weighted gradienrgécho
echoplanar imaging (25 slices, TR = 1500ms, TE = 30ms, voxel size 3x3x3mmslicergap
20%). Anatomical images were acquimeith a T1-weightedMPRAGE sequence (160 slices, TR =
2300ms, TE = 2.98ms, FOV 256, voxel size 1.0x1.0x1.1lmm). We wused SPM5
(http://www.fil.ion.ucl.ac.uk, Wellcome Trust Centre for Neuroimaging, London, UK) for image
pre-processing (realignment, coregistration, normalizatton MNI stereotactic space, spatial
smoothingwith an isotropic Gaussian kernel of 6 and 12mm~iadth-half-maximum for single

subject and group analyses, respectivahyd estnation of the statistical maps.

Definition ofregions of interesfROISs)

Locdizer fMRI sessionsdentified cortical regionsensitive tawo types ofcoherent visual motion,

up- or downwardsmot i on and an e.xCorinuous 063 matienidkeks Wwearee | d 6
separated by 10s stationary periods, and each condition was repeatefl lmocks in counter
balanced order. Motieeensitive areas were identified by mappiog each subjecthe contrast
O6moti on > stati onar yAdocahmaximpunead thelascendimgdimblr of thec t e «
inferior temporal sulcus, was defined ad T+, a secongosterior, superior and mediaaximum
putatively labeled as hV3/V3/R. B. H. Tootell, Mendola, J.D., Hadjikhani, N.K., Ledden, P.J.,

Liu, A.K., Reppas, J.B., Sereno, M.l.,, Dale, A.M., 199%6e supplementartable T1 for

coordinates of alROls).



Analysis of MRI data

After removingsession effects and linear trends from the BOLD signal time sereextractedor

each ROlhe percent signal changene courses of all periliminal trialsom 4 scans (69)efore to

12 scans (18s) after target onsetd sortedhemaccor di ng to &écoherentod
Based on our previous findind§&. Hesselmann, Kell, C.A., Eger, E., Kleinschmidt, A., 2008)
three time points were chosen for statistical analysis: time pdirfisand Os in the immediate pre
stimulus baseline as well as the pdamodynamicresponse at 6s. [mwere submitted to a

repeateeme asur es 2x3 ANOVA ( 6p e rhoetgstingwitlh paiéettesthe p o i |

Results
Behavioral data

Periliminal motion stimuliyieldedacrosssubjects57%6 ¢ o h eamdd396t6 @ a n d o mo(tup e r c e |

2. 06, n.s.; r a ngreo). Thie ratio dvasocbnsistemtnacross #he3 two sessions.
Subliminals t i mu | i were more of tlemmal gieu (V4% i5=50064, a8 d o mo
0.001)andsuprdiminals t i mu | i more oft enl78% p <O0D01We fonchriiod ( 9

carry-over of perceptseported insuccessive triaJswith averageincidence of percept repetitions
(across trials and coherence levelggll approximated by a bamial distribution indicating
stochasticbehavioral reportgFig. 1B). Subjectsresponded faster in sufiminal (1119ms) than
suldiminal (1259ms) and pdiminal trials (1241ms).In periiminal trials, subjects responded
approximately 160ms fastéor 6 e r e nt 6 ( fold6rOamspeoceptiilazdams, i;= 4.03,

p <0.01).

Functional imaging data
All motion-sensitiveROIs showed a clear hemodynamic response irpéngiminal experimental

trials of interest. Asignificart | vy | ar ger rresrmptodh sehdmrf drcodheand
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periliminal stimuliwas foundonl y i n r i ght h MT + (=891, p = 0.01R,e c t
posthocty; = 2.26, p = 0.045) but not in left hnMT+ abdthhV3/V3A (Fig. 2).Significantpercept
dependent signal défences in prstimulus activityduringthesetrials werealsorestricted to right
hMT+.1 n 6 c o h e, actiuitytsiarting atdbeutl.$sbefore stimulus onsetas higher than in

6 r a n d o nmRannedpdstadc gests revealed an effect at the imratprestimulus time point

Os (k1 = 3.61, p < 0.005). Thactivity difference at-1.5s did not reach significance, whereas
exploratory analysis of the pestimulus time point 1.5s did,t= 2.25, p = 0.046) butis time
segment was not targetadpriai andthe effectdid not surviveBonferronicorrection for testing at
multiple time pointsOverall, the effect could neither be related to a significant activity increase
over timein one nor a decrease within another of the two conditions.

To explore tle spatial specificityof the prestimulus signal for perceptual performance, we aralyz

time coursesn a set of control regions that significantly activated or deactivated during perceptual
decisions (Fig. S1). These regions included areas involved rly eigual motion processing
(V1/V2), as well as attention and perceptual decision making (right IPL, right and left FEF, right
IFG, and ACC). M region showd perceptdependent signal differences in the -ptienulus
baseline epochand additional voxebased whole brain analyses were also negatarly visual
cortex showed a significantly | aregernt @éhettk e dal
testing for the effect of condition in an ANOV A (;;=7.391,p = 0.020. Although this difference
appears to arise at time points that cannot yetycstimulusdriven signal, tis observation of
opposite sigras inhMT+ remained nosignificant for individual time points including baseline.

To further probethe relationship betweemght hMT+ activity and perceptionwe analyed choice
probabilities for the immediate prstimulus baseline (0s) and the peak response (6s). Across
subject s, a O0coherentdé percept could be- pred
stimulus baselinéevel (meanarea under the curvéAUC) = 0.57, {; = 3.89, p < 0.005as well as

from the responspeak(mean AUC = 0.55,1=2.02,p=0.85.An earl i er Orefere

at -6s was of no predictive power (mean AUC = 0.50), underlining the temporal speafititg
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pre-stimulus effect in right hMT+and henceactivity fluctuations asits origin (Fig. S2).
Interestingly, however, the intermediate time points between thstipnalus baseline segment and

the response peak also failed to show significant predictThis observation suggests that the
fMRI signal carries two different types of information that are both related to perception but in a
different way. One source of information can be captured prior to the effects of sensory stimulation,
the other in thir presencebut at time points mixing the twdhese effects cancel out. In line with

this interpretation, we observed that classification either from thstpnellus period or from the
response peak was preserved when testing signal at each timaffsoiits covariance with signal

at the other time poiritad been removdaly regression

Next, we analyzedehavioralcorrelatiors with activity levels at baseline and response peak in
periliminal trials. Although on average RTs differed between the teepts, they did natithin

or acrossconditions correlate trial-by-trial with activity levels in right hMT+, neither at the
prestimulus baseline, nor at the peak respdimsdindings in other regions see Fig. SThis lack

of reaction time correlations compatible with a tasunrelated origin of prstimulus signal
variations and i s of t en C onisn depemddeaat ¢ harsac
0st i-mul B eeural dcbvity(S. J. Gilbert et al., 2007RT shortening is generally considered

a hallmark of deploying attentiprand the variabity in baseline therefore cannbe linked to
attentional mecha@sms in a straightforward way.

Finally, we assessed the tray-trial variability in ongoing and evoked tagty and their relation to
perceptual outcome gferiliminal trials. If the fundamental mechanism that links evoked responses
to ongoing activitywasadditive as suggested by eanriwork in anesthetized animal8. Arieli et

al., 1996) then there sbuld be a positive correlation across trials between activity levels at the
response peak with those during the preceding baseline. In other words, the higher activity prior to
stimulation, the higher the peak of the response amplitWde.hence calculatedthe linear
regressionof the peak response at 6s on the prestimulus activitly.ss for each subje¢Fig. 3A).

We then submitted the resultingtavalues to a paired tedt.n o6r and o mé ihdeaeda | s,



weak positive correlation between onggirand evoked activity levelsut notin6 c oher ent 6
(Fig. 3B). Accordingly statisticaltesing showeda significant interactiof these correlations with
perceptual outcomelhis interaction expresses thaMT+ response peaks were significantlyses
correlated with ongoing activity when subjects perceieelderent motiothan when they failed to

do so This observations not trivial becausen average both ongoing and evokedT+ activity

were correlated withcoherenceperceptionin the identical smulus. Yet notwithstanding this
averageresult, the prestimulus and the stimuledriven activitywere not on a triaby-trial basis
correlated with each othemhich in turn suggests that variability in both time segments contributes
independently to wéther coherent motion is perceivedindividual periliminal trials(P. L. Smith

and R. Ratcliff, 2004)

Discussion

In the present study, we extemdr earlierobservation(G. Hesselmann, Kell, C.A., Eger, E.,
Kleinschmidt, A., 2008)o a different domain of visual perception and thus corroborate an effect
thatwe proposdo be a general principl&Ve show that locabngoingactivity in motionrsensitive

area hMT+significantly predicted whethefor a periliminal random dot motion stimulesherece

was perceivedr not We expected this region to be the most suitable candidate for detecting an
effect from ongoing actity on perception because a wide functional neuroimaging literature has
shown responses in this area to correlate widual motion perception. Recent muitxel
response pattern analyses, for instance, have shown that fMRI activation in hMT+ matches the
observerb6s perception, wher ea6@l Tr SeeqresragdeGs M.i n

Boynton, 2007)

We did not observe effects from ongoing activity in any other brain regions responding to the task,
which probably reflects the fact that our paradigm wpmized to target functional properties of

hMT+ (M. N. Shadlen and W. T. Newsome, 200Ap important difference of our previous and



currentfindings from spontaneous activity fluctuations compared to artificial activity manipulation
by microstimulation of specialized cortical areas is that microstimulidorestimulus onset has

to our knowledge not yet been shown to influence perceptoedme(C. D. Salzman et al., 1990)
We piopose that this difference between experimental metlsadsbe explained by the non
physiological structure of microstimulationduced activity changes as opposed to the

physiological nature of spontaneous BOLD fluctuations.

That our effectwasconfined o right hMT+ is internally consistent within our data set in that this
region was also the only one to demonstrate a signifiesgonsedifferenceto the periliminal
stimulus as a function of how it was perceived. In otherds, this regiorseems to béhe most
sensitive one in relation to tas&levant stimulus featuse This interpretation is congruent with a
larger literature which has shown a right hemisphere lateralization of hMT+ activity when wide
field optic flow stimuli are used, as was the caseeincluding our masking of the central field

portion(H. Peuskens et al., 2001)

Previousexperimentdn anesthetized animatiescribedthat the stimulugvoked responssimply

adds to the level of ongoing activity preseliring stimulus onsetA. Arieli et al., 1996) This
additivemechanism could nonetheless be functionally relevant, for instance by determining whether
a neural response on a given trial passes a threseltbund thatin awake humanthe impact of

locd spontaneous ongoing activity variations on stimiduseked activity is nosimply additivebut
interacts with perceptual outcom®ur findings, includinglower evoked response in V1 for

0 ¢ 0 h e r e arecdmpatiblawith theoretical perspectives thernphasize the constructive nature

of perceptual processes.g, predictive coding and related conceptual framewdkks]. Friston,

2005) (L. M. Harrison et al., 2007)Seen from this perspective, it could be argued that
spontaneous aeity fluctuationscarryé d y n a mi ¢ pas ughested recenflyk D. Fox and

M. E. Raichle, 2007)

Dynamic predictions could manifest pre-stimulus activity as a prior agat which the incoming
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sensory inputs matchedWith independentariability in bothparametersthe prior and the input
representatiogM. G. Philiastides et al., 2006)ne can sketctour illustrative situations High prior

activity and congruent sensory input processing generate little misorgpcadiction erroand thus

a weak evoked respongga O coherentd& percepti oty.represented pr i c
coherence in the input signageneratesa mismach with a strong evoked response and the
perception of coherence. This would explain whgponseeak activity levels in coherent percepts

do notincrease withbaseline activity. Conversely, if the prior is high but the tisgberceivedas
random, thex has been a fair amount of prediction error, #wd a greater signal incremehan in

trials where the prior was low and that were reported as random and thus congruent with the prior.
The | atter two cases woul d t Ipergeptsehene Isa weak buth y i
significant positive relation between ongoing and evoked activity lewelgortantly, thepre-
stimulusprior in itself also representsprediction error, namely between the 4d@vn prediction

of a specific sensory signal@the prestimulus instance when such input is still lacking.

Beyond such a speculative account, however key point is that the relation between ongoing and
evoked activity depends on perceptual outcome. This observation in itself cannot be explained i
simple mechanistic model where responses add onto ongoing activity levels and where this relation
should be the same across trials whatever the perceptual ouésmeourprevious experiment,

the functiondly significanteffect was apparently restréxl to a focal brain region that is crucial for

the task at handOur findings characterizethe consequencesf such spontaneous variations in
ongoing activity forvisual motionperceptionand thus inform models of perceptual decision
making(H. R. Heekeren etl., 2008)

Thephysiologicalorigin or cognitive meaning afpontaneous fluctuatioms the awake brains not

yet fully understood and cannbe clarified by our or any relatedresultsbecause studiethat
address functional significangeevitably require an overarching task context so as to probe the
perceptual or behaviorabnsequences of baseline signal fluctuatitmsurrent viewson the nature

of spontaneous brain actiyifM. D. Fox and M. E. Raichle, 200A&ignalfluctuationsobserved in

11



fMRI may spanprocesses at several different levels of neural activity, rarglintdpe wayfrom
intrinsic noise ovefow-level physiological processés uncontrolledmental activitywith varying
degrees of contributiofrom the actual experimentabntext One of severaimportantunresolved
issues is the relation of baseline fluctuatiottsattention(M. Boly et al., 208). Across a distributed
system of areas underpinning selective attention, variability in cuedtiprelus fMRI signal
changes has been found to predict perceptual perform@ncgapir et al.,2005) Allocation of
attention raisebaselinefMRI signal even in the absice of sensory inps. Kastner et al., 1999)
but alsoleadsto RT shortening andan oftenlinear increase in evoked sensory @sges(D.
Chawla et al., 1999; S. AdcMains et al., 2008)That the effects in our study did not show these
but in part opposite properties cannot formally rule out a contribution from attentional mechanisms
but renders them unlikelyn the absence of a full accountarigin and connot&in of spontaneous
activity, however,our findings are important because tr&how that this unexplained variance
whatever its origingontributes significantly to the way in which the brain and the obsezgpond

to external sensory stimy. Deco and R. Romo, 2008)
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Figure legends

Figure 1. (A) On every trial, a motion stimulugitherup- or dowrwardg of variable coherence

(sub, pert, or suprathreshold) was presented for 355ms dynamic randordot display. Subjects
reporedwh et her they had per cei v eldersinuubieternals iSO o r
with stationary dplay ranged from 20 to 4039/Nhite arows representhe motion vectorsof

dynamic dots(B) The incidence of repetitions for either percept averaged across all I1SIs can very
well be approximated by a binomial distribution (goodrafst R°=0.98 fcmmhed ent 6 per

R°=091, for o6randomd percepts).

Figure 2. Peristimulus fMRI signal time courses from motieensitive brain regions, hMT+ (upper
panes) and putative hV3/V3A (lowepanel3. Data averagedcrossall subjects with error bars
represeting standard erroand filtered with a [1 2 1] kernel for display purposeStatistical
parametric maps from an individual subjéctalize motion areas as identified by tlo®ntrast

6moti on > ps57HY unconeatedyaial §lices overlaid the average anatomy).

Figure 3. Single subject and meaperceptdependentregressions between trbi-trial pre
stimulus activityat -1.5sand peak activityat 6sin right h(MT+. (A) lllustrated for a single subject,
linear regressions (y = a + bx +c) mefitted to the datérom periliminal trials gpper panel for
trials witho r a n deocepés, lower panel fdr c o h epereepsit (B) Plot of the linear regression
coefficientsb for all subjects as a function of percefs indicated by asteriskspefficients were
significantly larger than 0 0 r a n tialsn{®28,t;; = 3.55, p <0.01) but notin6 ¢ o h etriale Nt 6
(0.09,t11 = 1.7, n.s.), and significantly differerttetweenthe two perceptuadutcomeqt;; = 3.24, p

< 0.0}, two-sided paired-test).
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