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ABSTRACT—Insight occurs when problem solutions arise suddenly and seem obviously
correct, and is associated with an “*Aha!l’’ experience. Prior theorizing concerning preparation
that facilitates insight focused on solvers’problem-specific knowledge. We hypothesized that a
distinct type of mental preparation, manifested in a distinct brain state, would facilitate insight
problem solving independently of problem-specific knowledge. Consistent with this hypothesis,
neural activity during a preparatory interval before subjects saw verbal problems predicted

which problems they would subsequently solve with, versus without, self-reported insight.
Specifically, electroencephalographic topography and frequency (Experiment 1) and functional
magnetic resonance imaging signal (Experiment 2) both suggest that mental preparation leading
to insight involves heightened activity in medial frontal areas associated with cognitive control
and in temporal areas associated with semantic processing. The results for
electroencephalographic topography suggest that noninsight preparation, in contrast, involves
increased occipital activity consistent with an increase in externally directed visual attention.

Thus, general preparatory mechanisms modulate problem-solving strategy.

Pesrome.

Mocne TOro, Kak 4YenioBeK cTan pelaTtb 3agayn, MWHOrga AocTurasi SCHOro wu
BHE3anHoro pelweHns Yyepes UHcaunT - Tak HasbiBaeMblt Ara! onblT. 3-3a pasnuyHoro
onbiTa NPOUCXOXAEHNSA N XapaKTEPUCTUK MHCANT UCTOPUYECKM MOMYYUst 3HaunTenbHoe
BHMMaHWE B MCUXOSIOrnM4Yeckom uccnegosaHun. OgHako, HECMOTPS Ha 3HAYUTENbHbIN
NPOrpecc XapakTepUCTUK MHCanTa, OCHOBHbIE MEXaHMU3Mbl OCTalOTCA TAUHCTBEHHbIMU.
Mol obcyxgaem muccnegosaHue ob MHcamTe, KOTOpPOe MOXET ObiTb Hambonee ApkuMm,
nobaenss K TpaaMUMOHHOMY UCCNEeOBaHUIO MHCANTA, KOTOPOE 3aBUCUT OT HECKOSbKUX
CNOXHbIX Npobnem, ¢ napagurmamu, obbl4HbIMKM B APYrMx obnactsix no3HaBaTenbHON
Haykn. Mbl onucbiBaeM 605blWON HABOp MUHU-UMHCAWTHLIX 3agda4, K KOTOPbIM MOryT
OblTb MPUMEHEHbl pas3nuyHble MeToAbl, BMEcTe C CYObeKTMBHbIMU COOOLLEHNAMU
BblAENEHMS MHCaWTa, npu peweHun 3agadyn. [loBegeHyeckoe Havano u MeToabl

HelpounsobpaxeHuss obecrneuvBaloT [OoKasaTenbCTBO TOrO rAe, WU Kak BO3HMKaeT



Mo3roead aKTMBHOCTb BO BpeMA WHcanTa. Takoe [okasaTenbCTBO orpaHunymnBaeT

CINoOXXHble Teopuun npoLecconB, N NOMOXeET ,EI,GMVICTVICbVILl,I/IpOBaTb NHCaWNT.

AcnupaHTka AnewwuHa [anuHa.
Galla2005@mail.ru
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Fig. 1. Time line of events on o teial in Experiment 1. A Read v message was displaved on a monitor, and the subject made o
bimmnue] button press (877 when he or she wios prepared o staet the teial mnd view thee theee wards constituting s prablem. The
problem was displayed alter a 1-s visuoal ixation mark, The subjeet responded with another button press(R" jus soon as be orshe
bl sl vl thee problem, This initiated a peompt Lo verlalize the solation (i this case, gomse b followed by another promgt o make o
button press to indicate whether the verbalized solution was aceompanied by an experience of insight. This report presents
eleetroeneephlagraphy (EEG) resulis for the heaeketed preparatory interval consisting of the 2 s prior o the disploy of the
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Fig. 2. Results from Experiment 1: alpha-band electroencephalographic
(EEG) topography during the Z-s preparatory interval before the problem
was displaved. Plotted values are t seores of electrode-by-electrode com-
parisons. The maps in (a) show results for comparizons between unsolved
problems (time-outs, or TOs) and problems solved with insight processing
(1) or with Illlllill:iighl |}rm*t*s—'s—'ing (NI ): the left column shows I s for
comparisans in the 8- to -Hz rrmpurnr}' hand ., and the rig]li colimmn shows
maps for comparisons in the 9- to 10-Hz band. Red and orange regions
indicate electrode sites at which I or NI trials exhibited less alpha power
(i.e.. more nearal aclivily ) than TO wials: tle middle 6% of the colo
seale is graved out. The maps in (b) show comparisons between insight
preparation at peak power (9-10 Hz) and noninsight preparation at peak
power (8=Y Hz: insight preparation minus noninsight preparation). Yellow
regions show electrode sites at which insight preparation exhibited less
alpha power than noninsight preparation. Blue regions show electrode
sites at which noninsight preparation exhibited less alpha power than in-
sight preparation. The middle 33%% of the color scale is graved out.
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Fig. 3. Results from Experiment 2: structurnl mmages o rroes all 25 subjects, showing all voxels with stronger functonal

mugnietic resonanee imaging (MR signal, g24) = 3 newsrrected, for preparation periods that bed to imsight salutions

than for preparation periads tha led 1o noninsighn s ons, Each row shows (lefi vo eight ) axial, sagival, and coronal images (with the

beft hemiephere on the lelt of axial and coromul imuges) centered an clusters (eireled) of signifleam sies (e, lorger ton 1000 mm s

clusters of significant siee shiwed the reverse pattern). For cach cireled region, the graph an the right shows the avernge pereentage

112 s}, which correspsmds Lo the expreobod peak sigial Tor the preparation
artes al ds in these graphs. ) Resulis are shown for e closters: (o) left
curtex (PEC), aml

(e} right posterior middle'superior temporal gro (B Post MUSTG ) Anl = anterior: Post = posternior; L = lefi; R = rght,

yellis s haded region (e TH eiling ol 6= through TH emdi

dimg baanton piress o Bed ted peeak signal in n

peerhind . The

presterier middle/soperior bem poral gyes (L. Post MIETG ), (b anterior cingalate cortes (ACC), (e ) presterior cingula




TARLE 1

Birain Arvas Showing Sigmificandy Different Functionad Mognenic Resonance fmoging Signal for Insighi

Preparation Versnis .\'rl.rn"ull'gl'u .F’n-puhll'irm

Cenler Signal
Brodmann  Volume coordinates change (%) Effeet
Gyrus or striclune Area {mm’] x ¥ ¢ Mean  Max  Meant Max it aiwe (d)
Insight preparation = soninsight preparation
Leelt proslenor MISTG 239.37.2 2081 —49 —62 15 006 008 e 47 0%\
Anterior cingulate 32,24 1922 =4 41 8 008 0.0 38 485 099
Pasterior cingulate 3 1,594 -3 —47 321 0 01l 4.0 560U
Right poserior MISTL 37,3922 1266 52 =62 9 007 0.0 a7 48 L0
Left amygelaln —_ 438 =25 =7 =0 007 0.0 a8 4.0 —
Left midsdle temporal gyrus 21 43 =62 =32 =6 007 010 A7 46 —
Noninsight preparation > insight preparation”
Left middle and inferior
eccipital gyrus 18 375 =30 -9 2 0@ 012 =51 =37 —

Note, We nsed o strict threshold for significance, requiring a chister sige of L0 mm’ and requiring that all vosels show a
vomsistenl cflfocl across sulgects, {245 = 3874, p < 25 For tharsughness, all clustors down b 300 mm” wre listed, Far cach
eluster Hateld, we report the signal differenos between insight amld noninsighi preparation as o percentage of the average signal
withan the chuster, as well as lhe average sl nsasimom § soore for all vosels within e cluster. For signifivant clusters, we inclade
the cluster-wise effect size, d. MISTG = middle and superior temporal gyri.
Mo clusters showed spuaficantly greater signal for sonimagit preparation than loe isight peeparation, sowe st the lrgest
area at a bower threshald, 375 mm® ot ((34) = 2,795, p < .01,



