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Rorschach and fMRI

ABSTRACT

Recently, a lobf effort has been made to ground Rorschach interpretatidhsite@vidence
base. To date, howeverp studies havget described, via fMRI, what brain areas get involved
when one takes the Rorschach. To fill this gap in the literaturagwénistered the ten-inkblot
stimuli to 26 healthy volunteeduring fMRI. Analysis oBOLD signals revealed thatpmpared
to fixating a cross, looking at the Rorschach inkblots wihileking of what they might be
associated witlmigher temporo-occipital and fronto-parietal activations, and with greater activity
in some small, sub-corticakgions includedh the limbic systemThesefindings are in linavith
the traditional conceptualization of the test, as thaygest thataking the Rorschach involves
(a) high-level visual processin(h) top-down as well as bottom-agtentionaprocesses, and (c)
perception and processing of emotions anmtional memories.

Keywords: Rorschach; fMRI; NeurdR-PAS;Assessment.
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Neural Activity during Production of Rorschach Responses: An fMRS&tudy

1. Introduction

The Rorschach (Rorschach, 1921) consistssaft af ten inkblotlesigns that the
examinee views to answer the questiwhat might this be?” The examinee’s imagerigual
attributions and descriptions aeken into account fdormulating interpretations. Indeeithe
Rorschach “provides standardized, in vivo sample of problem-solving behavior that can be
understood from multiplgiewpoints,including: directobservation of task behavior; comparison
of numerouslimensions ofisual and verbal performance with normative expectations; and
analysis ofthecontent, imageryand sequencef responses” (Meyer et al., 2011, p.1). Thus, for
example, a tendendgwardaccounting for the entire blot when delivering a Rorschach response
might reveal a propensity, in a person’s défly, to look at “the big picture” rathéhan tofocus
on smalldetails.As another example, seeing in the inkblots numerous percepts or objeate that
typically not seen by the nonclinical populations is likelydftecta tendencyto not seghe
world as others do, which in turn might reflect originality, unconventionartperhapgven
atypical judgment or poor realitgsting.

Understanding the psychological processaderlying the production of Rorschach
responses isrucial for the Rorschach-baspslychological assessment. Accordingly, recent
advances in neuroimaging might offer a unique opportunityekampleresearcHindings
suggest that individualsith anorexia nervosgAN) andbody dysmorphidisorder(BDD) tend
to showabnormalities in visugbrocessingnd frontostriatatystemgFeusneet al., 2010), with
a tendency to beverly attentive to detailsather than processing large or glofeatures
(Madsen et al., 2013). Given thatje might speculate thRbrschach variables deemted

indicate distorted perception (suab Form Quality minugr FQ-) or idiosyncratior atypical
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focus of perception (such as responsghk the often small, Unusual Detail blot locations, or Dd)
should associate with discernible braittivity patterns analogous tilosefound in individuals
with AN or BDD. Demonstrating the existence of such an association could provide empirical
support to the validitypf said Rorschactariables. As another example, an interesting pattern of
brain activations in the middle temporal area (MYl inferior convexity of the prefrontal cortex
has beembserved wheschizophrenia patients were exposedseries of motion processing,
visual tasks (Cher2011). As suchif similar patterns were observed alsbenschizophrenia
patients taking the Rorschaphoduce FQ- human movement responses (or M-), then the classic
interpretation of the M- variable agv@sunderstandingf human activity or distorted ideation
about peoplevould receive aimmportant, neurophysiological validation. However, despite the
large, Rorschach research literatuhere are few Rorschach neuroimaging studies. They are
reviewed in thenext section.
1.1. Physiological and Neurobiological Studies of Rerschach

A few years agoanumber of studies have attemptednvestigate the
psychophysiological or autonomic correlates of the Rorschaclexaomnple, Perry and
colleagues haveonducted a series of Rorschach studies implementing apprcaciess the
eye trackingMinassian eal., 2005), the examinatiasf the pupillary dilatation (Minassiagt
al., 2004) theinspection of the prepulse inhibition thie startle response (Perry et al., 19%8)d
the recording of thekin conductance (Permt al., 1998)More recently, Giromini et al. (2016)
tested theredictivevalidity of stress andistress Rorschach variables using electrodermal
activity ascriterionvariable. Other authors also conducsadilar studiesinvestigating the
functioning of theautonomic nervous system in association with the administration of the

Rorschach (e.g., Ganz, and Stacker, 1991; Kettataln 1998). In general, the resultisthese
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studies contributed to support the validity and utility of the Rorschach as a valuable assessment
tool.

More recently, a few neuroimaging studies of the Rorschach havebeeuncted, too.
Kircher and colleagues used fMRI to investigate the neural correlates of syntax prootuction
schizophrenia during exposure to a subs&®afchachnkblots (Kircher et al., 200%Kircher et
al., 2003; Kircher eal., 2002; Kircher et al2000). Asari and colleagues conducted voxel-based
morphometry andunctional connectivity analyses itovestigatethe hypothesighat the
amygdala be involved in the productiohunusual (i.e., poor form quality, or FQ-) responses
(Asariet al., 2010a2010b). Some of us recentigedEEGto showthat attributing human
movement (M) to the Rorschach inkblditeely associatesvith mirroring activity in the brain
(Giromini et al.,2010; Pineda et al., 2011; Porcelial., 2013). Lucianietal. (2014) used EEG
too: Theyinvestigated whether attribution of meaningytay Rorschachnkblots vs. gray
polygonal shapes would yield different patterns of EeGvations, andoncludedhat
‘projection’ during gray Rorschach cardsght involvefronto-parietal circuits. Lastly, mear-
infrared spectroscopy study (Hiraigdtial., 2012) recently inspected braiativity induced by
various picture-based personaligsts, andghowed thaéxposurdo a subset of Rorschaand
Thematic Apperceptiofiest (TAT; Murray,1943) stimuliassociateavith a tendency toward
right-hemisphere dominant activations.

1.2. The Current Study

Despite thdargeamountof Rorschachiesearch conducted duritige pastdecades, to
date fewstudies have usetkturoimagingechniques tinvestigatehe Rorschach. In fact, no
studies have yeatescribed, via fMRI, th&unctionalbrainprocesses associated with the

elaboration oRorschach responses whilgposedo the ten-inkblot stimuli. Currentlyye do
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not really know what happeis thebrain of a person who is looking at the Rorschach inkblots
while thinking ofwhatthey might be.

The goal otthe currenstudy is to begin to fill this gap e literature using fMRio
illuminate whatbrain areas anavolved when ond¢akesthe Rorschach. With this first study, we
intended to make first steptoward understandintipe neuroanatomical processasolvedin
producing a Rorschach response. &écipatethat future researatould draw on our findings
to develop additional and morefined, hypothesis-driven, fMRtudies of the Rorschach.

2. Method

This studyis part of alarger researcproject implemented tmvestigating the neural
correlates ofrarious Rorschach responses. For the purposes of the currentosperer, we
did not look atanyspecific responsebut rathercompared brain activity during exposuoethe
ten Rorschach inkblotss. during fixation of a cross.

2.1. Participants

Twenty-six, nonclinical volunteers took part in this study. Ages ranged 17 to 28 with
mean age 021.4(SD = 2.3),and 13 were men. About 46% were Caucasian, about 38% Asian,
and the remaining ones were Hispafibe majority ofthe sampléabout85%) were
undergraduate students recruiggdJniversityof California, San Diego (UCSD); the rest was
comprised ohdultvolunteergecruitedthrough wordof mouth andlyers posted at Alliant
International University- SanDiego. None hattistory of psychiatric or neurological disease; all
were right-handed arttad normal or corrected-to-normal vision; gdlvewritten consenprior
to taking parin thestudy.UCSD students received classditsand $15 cash for participation;
other participants earned $Hior toinitiating the study, the applicable Institutional Review

Board had approvettheresearch project.
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2.2. Procedures

Initially, outsidethe scanner, participants weirdormed that duringhe scanning
sessions they would look at a serésnkblot designsandthat theirtask would be to look at
each inkblot and think of what it might be. They were a$ormedthat they should try to think
of only oneresponse at time — i.e., that they should ttg see only one thing per each inkblot
designthey wouldbeexposed to — and that later, outside the scanner, they would be inquired
about theiresponses.

Next, participants werentered into the scannirbegin the fMRI scanning sessions.
First, a high-resolution whole-head T1-weightettomical scan wasrried outNext, during
the functionakessionparticipants were exposéal the entire set of Rorschach cards twice.
Before each card, fixation cross wagresented on the screen: Each fixation cross ld€ed
seconds, and eaétorschacttardlasted10 seconds (fom schematic representation of the study

design, see Figure 1).

---- Insert Fig. 1 about here-

Lastly, outsideghe scanner, participants wesbown all Rorschactardsone more time,
and were inquireadbouttheir responses. All were ableremember mostf what they thought of
while into the scannewith very few participantaot being able toecall 100% of their
responses.

2.3. Imaging and Data Analysis
A 3 T Siemens Tridim Scanner was uséddr this study. Anatomicadcanning consisted

of 160T1-weighted slices covering the whole brakmatomic overlays of functional dasad
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spatialnormalizationwasobtainedoy meanf a five-minute magnetization prepared, rapid-
acquisition gradient echo image (MPRAGE). Field of view (F@¢}¥ 240 x 240 x 16®0xel
size was 1 mms.

Functional scanningonsisted of 33 T2-weighted slice whole-brain, single-shot gradient
echo (GE)echo-planafEPI) sequence (TR/TE 1969/25 ms, FA = 90°, FO¥ 240 mm, matrix
= 64 x64, slice thickness/gap4/0 mm), which lead® avoxel resolution of 3.75 x 3.75 x 3.75
mm. Data analysisontrasted blood-oxygen level depend®®LD) associateavith exposure
to the Rorschach inkblo{d00time points, or 200 seconds) vs. fixation of a cross (160 time
points, or320 seconds). falsediscoveryrate (FDR)corrected alpha of .05 with minimum
cluster sizeof k =6 was adopted.

Imaging data werprocessed andisualizedusing Brain Voyagef{Brain Innovation,
Maastricht, theNetherlands)In line with standard procedures, preprocessihfyinctional data
consisted of(1) mean intensity adjustmeott each slice based on the global intensity of the
repeatedly measurechages of thesame slice; (23D motion correctiormdjustmentor small
head movementgperformedusing trilinear interpolation algorithm; (3) spatial smoothing of the
functional data, using a 3D Gausskarnelwith full width half maximum(FWHM) of 4 mm;

(4) temporalfiltering of frequencies below 3 cyclestime coursdi.e., below.005 Hz), aimedt
removing drifts duéo scanner and/or physiological noise; (5) temporal smoothing of the
functional data, using a Gaussiarnelwith FWHM of 2.8 s.

Next, to facilitate precise anatomical identificatmirbrainactivity locations, as well as
accurate inter-subject analysissexries of additionatepswere undertaken. First, for each
subject, slice-basefdinctional scansvereco-registereavith 3D high-resolution structural scan.

Second, structuralata were transformed into Talairach space (Talairatlo&noux, 1998), the
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cerebrum being translateahd rotatednto theanterior-posterior commissupdane, and its
borders beingdentified. Third, eaclsubject’s functional time course wiansformed into a
volume time course, by means of anatomical-functional co-registration matrix and Talairach
reference points. Lastly multi-subject design matrix wapecified to obtain functional maps
reflecting theneuralactivity of Rorschach vdixation conditions. To account ftlemodynamic
delay (Boynton eal., 1996), each defined box-car was convolwiti a predefined
hemodynamic response functiiRF). A generalinear mode(GLM) with separate subject
predictors was then performed theentiresample so as to generate the actual functional
activation maps (i.einkblots > fixation). To correct for multiple comparisaarsor,a false
discovery rate (FDR) adjustment wadopted (Benjamini &ochberg, 1995Genovese et al.,
2002),with g = 0.05. Finally, clustersf activations were determindéy using ClassTALan
online availablescript in Matlab (http://precedings.nature.com/documents/6142/version/1).
3. Results

Cortical activations associated with expostaréheRorschach inkblots are reported in

Figure2. Table 1 presents the labalsd the coordinatesf the local maxima of the active blobs.

---- InsertFig. 2 andTab 1 about here ---

Consistent with the fact that the Rorschach is mainhsual task, éarge temporo-
occipital activation, extending to the postepartof the inferior temporal gyrus was observed.
Interestingly, rathethan in the primaryisual cortexthe strongestctivations inthese posterior
regions were found in thextrastriate cortex, which is devoted to more compiswal tasks

(Orban, 2008). Additionally, both the dorsal antba lesser extent — the ventral attention



Rorschach and fMRI

systems (CorbettandShulman, 2002; Corbett al., 2008; Macalus010;Macaluso and
Driver, 2005; Vossel et al., 2014) were engaged, as indicated by charagbetistinos of
activations in both the dorsal and ventral fronto-parietal pathways. Thus, expoRorsdbach
stimuli triggered both top-down and bottom-up attentional processes.

Some sub-corticareasalso showed significant activations,taghlightedby Figure 3.
Specifically, the caudate hedalle anterior part of thihalamus, putamen and pallidasarge
portion ofthe pulvinar, and the mammillary bodies wsignificantlymore active during
exposure to thakblot stimuli thanduring fixation ofa cross. Because these areas are part of the
limbic systemandlikely play a key rolen the processing angerception oemotionsgspecially
in relationship to memory (Béracochéa, 2005), this finding has important implickirdhe

Rorschach research.

---- Insert Fig. 3 about here-

Figure 4 presents the degree of lateralization in the brain tiggeredby exposure to
the Rorschach. Remarkably, all the activatimesebilateral. Only fewareasshowed aertain
degreeof lateralization(for a more analyticadescription se@ab1): the lingual, superior
occipital, middle temporajyri and the substantia nigveere more right lateralized; the
supramarginal, cingulate, inferior occipitaiedial andsuperiorfrontal gyri, inferiorparietal

lobule, mediabdorsal thalamandinsulae were more left lateralized.

---- Insert Fig. 4 about here-
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4. Discussion

The currenstudy soughto investigate which areas of the brgiet involvedwhen a
person idooking atthe Rorschach inkblots, while thinking of what they might be. Using fMRI,
we comparedBOLD signhalsassociatedavith exposure téhe Rorschach véixation of a cross.
Results from 26 healthy volunteers showed that comparibe fixation taskthe Rorschach
condition associated with hightsmporo-occipital as well as fronto-pariesativations, and
with greater activity in some small, sub-cortical regimmtduded in the limbisystem.

The fact that a large temporo-occipital activation wlaserved is not surprising. The
Rorschach isnainly a visual task, and gerson who observes arkblot designtrying toanswer
the question “whainight this be?” presumably scathe stimulus and processes the visual
information, priorto producing a response. As such, his/her brain temporo-occipital, visual areas
arecertainlyengagedaiuringtheseprocesses. Along the same linestable differences between
the two experimental conditions (i.e., fixatioha cross vsexposureo the Rorschach inkblots)
were foundalso in the extrastriatrtex. This large regiomf the brain includes non-primary
visual areasuch as V2, V3and MT/V5, and is often referred as the associative visual cortex
as itelaborates thimputsfrom the primaryisual areaV1, by integrating multiple featuresich
as the color, the shape, or the perception of motion (feviaw, see Orban, 2008). Lesians
the extrastriateortex,in fact, typically impair functions such as the discrimination between form
and textureor the perception of motion (Mathe2009). From the point of view of the Rorschach
assessment, thus, omayspeculate that this posterior region might be implicateden
processes thatetermine why and/drowtherespondent sees whalhe sees, i.e., which
characteristics of thimkblot (shapegolor, etc.) made the respondenbduce his/her response.

Given that, it is possible th#tte extrastriatecortex contributes to originating the so-called
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“determinants” othe Rorschach responses (Exner, 2003; Meyer et al., 2011, Rorschach, 1921),
which includescores for movement, textuoe tactileimpressions, depth, etc.

Two attentional networks were engaged during observation of the inkblot designs. The
most activated oneas the ‘dorsahttention system’ (Corbetta afthulman, 2002), which is
typically involvedin top-down attentiongdrocesses, where the allocation of the attention is
guided “voluntarily” toward specific locations or features (Vosgal., 2014). Thidinding, in
our view, reflects the fact that when a pergades to find his/her answer the question “what
might this be?” her she likely screersomeareas of the inkblot actively, searching for the best
locations, withinthe card, to produce and delivieis/herresponselnterestingly, howevethe
“ventral attentiorsystem” (Corbetta and Shulman, 2002; Corbetta et al., 2008; Macaluso, 2010;
Macaluso andDriver, 2005)wasengaged too, durintpis process. Thigentral systenis known
to reflect bottom-up, stimulus-drivattentionalprocesses, where the person becomes suddenly
attracted to something in the environmtvatbeforehand her she was ngtayingmuch
attention to. Accordingly, this finding suggests that dutimgRorschach administration, not
only the respondermtirects his/her attention “voluntarily” towards specléications of the
stimulus, butertainfeaturesof the blots trigger somghifts of attention, too. This finding, thus,
is in linewith theRorschach literature indicatingat somdeatures of the inkblot stimuli tend to
‘catch’ the attentiorof therespondenimore tharothersthus favoringcertain vs. other responses
(e.g., Exner2003; Meyer et al., 2011). Onetbie mosfamous examples of thEhenomenon,
also knownasthe“card pull” (Exner, 2003), probably occursCard Ill, where somauance®f
the inkblot ina specific locatioroften elicit therespondent to seehdl or boot,thus leading

him/her to thinkof ahuman being and/af a leg. Theactivation of these fronto-parietal
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attentional networks is also somewhat in kvieh Lucianiet al. (2014), wheuggested that
attending to gray Rorschach cards might involve fronto-parietal circuits.

As shown in Figure 3, among otharb-cortical areas, the Rorschaabkstrongly
activated the anterior section of the thalanaulgrgeportion of the pulvinar, and part of the
mammillary bodies. These areas are péthe limbic system andre thought to contribute to the
perception and processing of emotions, espedialtglationship tanemory (Béracochéa, 2005).
The pulvinar,n particular, seems to playkey rolein the non-conscious perception of emotional
signals (Tamiett@nd de Gelder, 2010). Indeed, becausentasosynaptically connected with
the amygdala (Romanski et a@l997), it is supposed 8erve as key rely for the rapid
transmission of non-consciougbyocessed, emotionally loaded, visual informate Gelder
and Hadjikhani2006; Morriset al., 2001; de Gelder at, 2005). In line with this hypothesis,
lesions ofthepulvinartypically result in theabolishment of the automatic attention-grabbing
effect ofemotionally loadedtimuli (Wardet al., 2005). From the point of view of the Rorschach
assessment, thus, this finding is particularly intriguing. Essentially, it reveals that looking at the
Rorschach inkblots whilthinking of what they might bactivatesareas of the brain that are
implicated inthe perception ang@rocessingf emotions anémotional memories. Thus, whether
or not tofocuson these emotionally loaded features or memories, and whethertorraport
experiencing anyf these emotional inputs, is probally tothe respondent. As such, our study
indirectly providessupport to the idetihat the Rorschaamay be used tmvestigate the
respondent’s ability and willingness to focus on, talk about, anié@rvith emotionallyloaded
stimuli, contents and/or memories. Indeed, several variablesroibt Comprehensive System
(CS; Exner, 2003) anid the recently developed, Rorscharformance Assessmesystem

(R-PAS; Meyer etl., 2011)attempt to address these sources of information.
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Contrary toa recent, near-infrared spectroscopy study conducted by Hiraishi et al.
(2012), oufMRI investigation did not show noteworthy right-hemisphere dominant activations.
In fact, mostof thebrain areas activatday the Rorschach condition were not mieteralized
(e.g., seeuneusandprecuneus in Figure 4). Only thegual, superiooccipital, and middle
temporal gyriandthe substantia nigrshowed some right lateralization, consistent \traishi
et al. (2012)Someother areas, conversehowed left lateralizatiorRossibly the discrepancy
between Hiraishi edl.’s (2012) findings andurs mightdependon technical (e.gysing near-
infrared spectroscopy vs. fMRI; see Muthalikakt 2013)and/or procedurdke.g., using a subset
vs. theentiresetof Rorschach cardslifferences betweethe two studiedn any case, additional
studies aresorely needed to bettanderstandhe extent towhich being administereithe
Rorschach may or mayot associate with lateralized activity in the brain.

Like all researclstudiespur study also is not without limitationA.first is thatusing a
fixation crossas thebaselinecondition for the Rorschach task mayrmn-optimal. Indeed, the
two conditions werdighly different from eaclther intermsof bothassigned tasi.e., fixating
vs. thinkingof whataninkblot might be)and visual stimulation (i.e.,@oss vs. complex
images). Perhafdsiture studiesnight try to use scramblgacturesor non-Rorschach inkblot
designs, and/or try to test different tasks or instructi@mghe other hand, using a fixation cross
as baselineondition is a widely adopted procedure for fMRI studses] it is consisternwith
previous EEG studies of the Rorschach conducyesbmeof us(i.e., Giromini etal., 2010;
Pineda et al2011; Porcelli et al2013). Furthermoregnyalternative solutions concerning the
baseline to besed for theurrent study would have sorpeos but als@ome cons. Just as an

example, ifwe usedscrambled images rathéran a cross, then we couldt ascertain that the
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respondent were not trying to figuoet what those scrambled images looked likénémm, so
that the comparison against tRerschachask would be much more problematic.

A second limitation of this studyg that thedMRI has a limited temporaksolution, so
that itis relativelyinsensitive tdemporal sequences bfain activity. Future study using both
EEG and fMRI might overcome this limitation. Thiidspecting the brain activity of individuals
being administered the Rorschach is not an easy taskpametechnicalconstraintgnay have
affected the results. For example, fMRI studies typically show the same stimuli severaldimes,
only few secondsso as telicit the samemental process for a sustained period of time.
However, such design was not possible in our studg,the respondents need time to produce
their responses, argihce there are ten Rorschach cards, repeating each of them more than twice
would result inanexcessively long exposure to the magnetic field. Along the same lines,
because the current study presented the Rorschach cardstit@nes in the standard
administration order, weould not testvhetherthe ordernf presentatiomf the cardsouldhave
had an impact on our results. Lastly, becddel designs have several technicahstraints,
our participants weraot administered the Rorschaating standard procedurgsg., we used
the screen oh computer, we asked to think of oresponse at a time, etc.), whebmewhat
limits the ecological validity of our findings.

Despite these limitationkowever, ouinvestigation has contributed, for the first time,
via fMRI, a mapof the functionabrain processes associateith the Rorschach response
process. Ifine with the traditionaltheoretical conceptualizatiarf the psychological
mechanisms underlying the productiorRufrschachresponses our resultsdicatethattaking
the Rorschach involves brasmeasand networks importand (a) high-level visual processing,

(b) top-down andbottom-upattentionalprocessingand (c) perception and processofg
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emotions an@motional memoriedhese processes arensistentvith standard conceptions
about the test including (1) scoring distinctions (dagtween texture and movement
determinants), (Zheoretical explanatiors the visual, problem-solving componeirtghe
Rorschach response process, and (3) interpretive inferences regarding emotional and historical
experiential (Rorschach, 1921, Exn2003; Meyer et al., 2011).
4.1 Future Directions

Because the current studid not use a hypothesis-driven approach ratiterbroadly
investigated whabbrainareasareinvolved wherone takeshe Rorschach, additional
neuroimaging researds still needed to better understand the neuroanatomical underpinning of
the complex psychological processessociated wityenerating RorschagksponsesAmong
others, an interesting question raisgdour findings is whether the sub-cortical areas fourikto
engaged in our studyould be morective when processing images dominated by color versus
monochromic images. Indeed, because Rorschach responses inebhdnmatic color (e.qg.,

“this is blood because it i®d,” “this is a colorfulbutterfly”) likely reflect aspontaneous
receptivity tothe stimulatingor compelling features of the environment, and are therefore
interpreted agndexes of reactivity oemotionality(e.g., Exner, 2003yleyer et al., 2011), it

would be interestingp testwhetherthe pulvinar and relatetirain regions identified by our study
would be more activduringexposure to colorfuts. monochromic inkblotsLikewise, given

that the general level of cognitive sophistication or complexity of a Rorschach protocol largely
affectsits interpretationMeyer etal., 2011), future researdould also investigate the

differences irbrainactivationsbetween the simple identification of obvious Rorschach images

(such asseeing two peoplen Cardlll) versus complex reasoning and more multifaceted and
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integrated responses. Cuwpe is that the curreatticle will pave the way foiuture
neuroimaging investigatiorgesignedo specificallyaddress these lafihansweredjuestions.
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Table 1. Clusters of Activations, Lateralization, and Brodmann Coordinates of the Local Maxima of Active Blobg ¢-DR),

Lateralization

Area Voxels (L/R%) Left BA Right BA
Bilat Middle Occipital Gyrus (MOG} 26068 55/45% 19, 18, 37, 39 19, 18, 37, 39
Bilat Fusiform Gyrus (FG) 13981 53/47% 37, 19, 20, 36 37, 19, 20, 36
Bilat Middle Frontal Gyrus (MFG} 12854 47/53% 46, 6, 9, 10 46, 6, 9, 11
Bilat Precuneus (Pcup) 11105 46/54% 7,19, 31 7,19,31
Bilat Inferior Frontal GyrugIFG)?2 9466 55/45% 9,47, 46, 45 9,47, 46, 45
Bilat Lingual Gyrus (LG) 9442 41/59% 18, 17,19 18,17, 19
Bilat Cuneus (Cur 9055 47/53% 18,17, 19, 30 18,17, 19, 30
Bilat Culmen (Cul} 8102 50/50% 37, 36, 20, 35 37, 36, 20, 35
Bilat Parahippocampal Gyrus 6976 45/55% 36, 37, 35, 19 36, 37, 35, 19
Bilat Precentral Gyrus 6581 51/49% 6,9 6,9

Bilat Declive 5471 53/47% 19, 37, 18, 19, 37, 18
Bilat Middle Temporal Gyrus 5401 42/58% 37, 39, 19, 20 37, 39, 19, 20
Bilat SuperiorParietal Lobule 5360 51/49% 7 7

Bilat Inferior Occipital Gyrus 5002 59/41% 18, 19, 17 18, 19, 17
Bilat Inferior Parietal Lobule 4270 66/34% 40,7,5, 2 40, 7
Bilat Medial Frontal Gyrus 3325 67/33% 6,32,8 6, 32, 8, 24
Bilat CingulateGyrus 3237 62/38% 32,24 32, 24
Bilat SuperiorFrontal Gyrus 3222 65/35% 6, 8, 10 6,11, 8
Bilat Putamen 3033 57/43% - -

Bilat Caudate Body 2968 53/47% - -

Bilat Inferior Temporal Gyrus 2862 55/45% 37, 20, 19, 36 37, 20, 19
Bilat Insula 2431 59/41% 13, 47,45 13, 47,45
Bilat RedNucleus 1222 54/46% - -

Bilat Medial DorsalNucleus 1217 63/37% - -
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Bilat Pulvinar 1121 45/55% - -
Bilat Lateral Globus Pallidus 1066 55/45% - -
Bilat Caudate Head 963 49/51% - -
Bilat Anterior Nucleus 959 51/49% - -
Bilat Ventral Anterior Nucleus 795 54/46% - -
Bilat Substantia Nigra 632 35/65% - -
Bilat Postcentral Gyrus 629 50/50% 2,40,5 2,40, 19,
Bilat SuperiorOccipital Gyrus 547 36/64% 19 19
Bilat Uncus 499 51/49% 20 20, 36
Bilat Medial Globus Pallidus 499 57/43% - -
Bilat Lateral Geniculum Body 425 49/51% - -
Bilat VentralLateral Nucleus 414 51/49% - -
Bilat Medial Geniculum Body 394 51/49% - -
Bilat Hippocampus 320 58/43% - -
Bilat SupramarginaGyrus 149 96/4% 40 40
Bilat Out of GyrusP 56816 50/50% 37,19,7,6 37,19,7,6

Notes.This table wagyeneratedby using ClassTAL, an onlingvailableMatlab script
(http://precedings.nature.com/documents/6142/version/1). Ino€dsg blobs of activations encompassing multiple clusters of
anatomical regionsach cluster is presentseparately. For each cluster, the following information is presentadsurpmaryabel
broadly describing the cluste?) the numbeof active voxelswithin the cluster3) the percentage of active voxels in ki vs. right
hemisphere; 4) a more complete descriptbactiveBrodmann areas within the cluster. For example, within the cluster labeled
“Bilat Precuneus,” 11105 active voxels were found in Brodmann areas 7, 19, and 31; 46% of these voxels (nerd&h68)edin
the left hemispher&4% (i.e., 5997) were locatéd the right hemisphere.

aFor a graphical representation of this activatsaeFigure4.

b Qut ofgyrus = blobs thatavea localmaxima thafalls outof thegray matter mask.
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Figure 1. Layoubf the Study Design.
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Figure 2. Cortical Activations Associatedth Exposure to th®orschach Inkblots.
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Figure 3. Sub-Corticahctivations Associated with Exposure to the Rorschach Inkblots.

Note. Statistically significant voxels at q (FDR)G5 arehighlightedin red.
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Figure 4. Lateralization of Brain Activatiodsssociated witfExposure tdhe RorschacRards.

Notes.This Figure wagjenerated by using ClassTAlfter upsampling all voxelst 1 x1 x 1

mm (http://precedings.nature.com/documents/6142/version/1). Only the eight biggest active
areas are shown in thigure; for amore detailed description see Table 1.

FG = Fusiform Gyrus; LG = Lingu&yrus; MOG = Middle Occipital Gyrus; IFG = Inferior

Frontal Gyrus; Cun = Cuneus; PcuPrecuneusMFG = Middle Frontal Gyrus; Cul = Culmen.



HIGHLIGHTS

We usedMRI to inspect what braiareas get involved when one takes the Rorschach
Participants (n = 26) were instructed to look at each inkblottank of whatit might be

We compared BOLD signals associated with exposutteet®orschachs. fixation of a

Cross

A GLM with separate subject predictors and FDR adjustment (q = 0.05) was performed on
the entiresample

The Rorschach condition activated brain areas typical of visnagssingtop-down and
bottom-up attentionatetworks, and percepti@and processingf emotions
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