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Statistical analysis found out weak negative correlation between excitation level and central reactions
number (r=-0,27, p=0,007). On the other hand, moderate positive correlation was shown for peripheral associations
number and excitation level (r=0,38, p<0,001). Moderate negative correlation was detected between excitation
level and answer absence percentage (r=-0,43, p<0,001).

Thus, it is presumed that too high excitation level leading to higher activity (searching answer to stimulus and
decrease of reactions absence) at the same time seems to be an obstacle to focusing on semantic and hierarchical
relations between concepts. This turns to non-stereotypic answers with subtle logical-semantic relationship to
stimuli and peripheral reactions rise.
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KOrHMTMBHbBIN KOHTPONb BKNoYaeT B cebs noggepXaHue cneunduyecknx npoLeccoB, CBSA3aHHbLIX CO
BHMMaHWEM, N Hecneungmnyeckyo perynsaumio MoTopHoro nopora. Owmnbkn npy BbINONHEHUMU 3adadn MOryT 6biTb
OBYX TWUMOB: OHM MO0 CBSA3aHbl CO COOAMM BHUMAHWSI U HEOMpPeaeNeHHOCTbIO, MO0 C HapyLleHMeM MOTOPHOrO
nopora. CoBeplleHne OWKOOK 3anyckaeT afanTUBHbIE MEPECTPOVKM B MO3re, MpuMBOAs NNOO K ynydlleHWo
06paboTkn ctumyna, NnMbo K NOBbILLEHNIO MOTOPHOrO nopora. [poBegeHo ABa UCcnegoBaHUS € UCMOMNb30BaHNEM
CMNyXxoBOW KOHAEHCALMOHHOW 3a4auyn, co3AatoLen BbICOKYIO Harpy3ky Ha BHMMaHWe. AHanm3npoBany ocumnnsaumm
O3l B TeTa, anbda n 6eta AnanasoHax.

OkcnepumeHT 1. VccnepoBanu aganTvBHbIE MEPECTPOMKM Kak crieAcTBuMe coBeplueHust owmnbok. Mocne
OWKMBOK Habmpanocb ycuneHne poHTanbHbIX TeTa-ocumnnauun cpegHen nuHum (PTCIT), a Tawkke 6Gonee
CYLLECTBEHHOE MOAaBreHne anbga OCUMNMAUNA B TEMEHHBIX U NEBbIX LeHTpanbHbiX obnactsax. [NogasneHve
anbda ocuunnaAuMin B TEMEHHOW obnacTtyv KOppenupoBasio C YCMELWHOCTbI BbIMOMHEHUSA 3adadu, nogaBneHue
anbga oCuUMnIAUMA B NEBON LIEHTParnbHOW 0bnacTu KoppenvpoBano C 3ameafieHMeM BpPeMeHU peakumu nocne
coBepLueHus ownbok, a yeunenne OTCJ1 koppenunposano ¢ obonmn nokasatenamu. B peanusauusx, cnegyoLnx
3a owwnbkamu, nogaeneHve anbda OCUMMANALUA HaYyMHaNoCh paHblue, U OTBET conpoBoxaarncs donee cnabon
®TCJ1 aKkTMBHOCTbIO, a Takke Oonee 3HauuTenbHbIM MNOAABMEHWEM anbda OCUUNNAUMKA,  LUMPOKO
pacnpegeneHHbiM Mo ckanbny. [lonyyeHHble pesynbTaTbl yKasbliBalOT, YTO aganTuMBHbIE NEPECcTPOrKM nocne
OWMBOK peanua3ylTcs Npu yvyacTum OpoHTO-MeamanbHON CeTM MOHUTOPWHIa, TEMEHHOM CUCTEMbl BHUMAaHWS, U
CEHCOMOTOPHOWN CETMU.

OkcnepuyMeHT 2. ViccrnegoBarnu, MOXET NN BpeMsi peakunn CiyXnTb NP13HakoM, No3BONSWNM pasgennTb
peakunym ¢ HU3KUMWU U BbICOKUMU YPOBHAMMW BHUMaHWUS U HeonpegeneHHocTu. MNokasaHo, yto ®TCJ, cBa3aHHadA ¢
owmrbkamu, BO3HMKana TONbKO Npu BbICTPbIX NOBEAEHYECKNX OTBEeTax. [lo3gHee nogaBneHue anbga-ocumnnnsaumn
nocne oTtBeTa ObiNO BbIPAXEHO TONMBKO ANA MeAMEeHHbIX MpaBUIbHbIX OTBETOB. [lonyyeHHble OaHHble B
COBOKYMHOCTM YKa3blBalOT, YTO BPeMsi peakuun no3sonsdeT pasgenuTb ABa TUNa OTBETOB: BbICTpble CBHA3aHbl C
fbornee BbLICOKMM YPOBHEM BHMMaHUA W HU3KOW HEONPedeneHHOCTblo, a MeAreHHble — C HU3KUM YPOBHEM
BHMMaHWs U BbICOKON HEONPEAENEHHOCTLIO.
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Cognitive control includes maintenance of task-specific processes related to attention, and non-specific
regulation of motor threshold. Generally, two different kinds of errors may occur, with some errors related to
attentional lapses and decision uncertainty, and some errors — to failures of sustaining motor threshold. Error
commission leads to adaptive adjustments in brain networks that subserve goal-directed behavior, resulting in
either enhanced stimulus processing or increased motor threshold depending on the nature of errors committed.
We report here two studies using the auditory version of the two-choice condensation task, which is highly
demanding for sustained attention while involves no inhibition of prepotent responses. We analyzed power and
topography of EEG oscillations in theta, alpha, and beta frequency bands.

Experiment 1. We studied post-error adaptive adjustments resulting in optimized brain processing and
behaviour on subsequent trials. Errors were followed by increased frontal midline theta (FMT) activity, as well as by
enhanced alpha band suppression in the parietal and the left central regions; parietal alpha suppression correlated
with the task performance, left central alpha suppression correlated with the post-error slowing, and FMT increase
correlated with both behavioral measures. On post-error correct trials, left-central alpha band suppression started
earlier before the response, and the response was followed by weaker FMT activity, as well as by enhanced alpha
band suppression distributed over the entire scalp. These findings show the existence of three separate neuronal
networks involved in post-error adjustments: the midfrontal performance monitoring network, the parietal attentional
network, and the sensorimotor network.

Experiment 2. We studied if response time may be a valid approximation distinguishing trials with high and
low levels of sustained attention and decision uncertainty. We found that error-related FMT activity was present
only on fast erroneous trials. The feedback-related FMT activity was equally strong on slow erroneous and fast
erroneous trials. Late post-response posterior alpha suppression was stronger on erroneous slow trials. Feedback-
related frontal beta oscillations were present only on slow correct trials. The data obtained cumulatively suggests
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that response time allows distinguishing the two types of trials, with fast trials related to higher levels of attention
and low uncertainty, and slow trials related to lower levels of attention and higher uncertainty.

The study was implemented in the framework of The Basic Research Program at the National Research
University Higher School of Economics in 2017.
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CBsA3blBaHWE MPU3HAKOB WrpaeT 3HAYUTENbHYH pOfb B LEMOCTHOM BOCMPUSTUM, OOHaKO MO3rOBble
MexXaHW3Mbl 3TOro ()EeHOMeHa OcCTalTCd ChopHbiMW. MccnegoBaHmsa C  perucTtpauui  HeratMBHOCTM
paccornacoBaHus (HP) nokasanu, 4To cBA3blBaHME NPOMCXOAWNT Ha YPOBHE CEHCOPHbIX 30H KOpbl, B TO BPEMS Kak
noBedeHYecKMe OKCMEPUMEHTbI yKasbiBaloT Ha 6onee BbICOKMM WHTErpaTuBHbI  ypoOBeHb. HacTtoswee
uccrnegoBaHMe  HampaBfeHoO Ha MpOBEPKY [MNoTe3bl, YTO MPOLECC CBA3bIBAHWS MPU3HaKoB SBMSeTCA
pacnpegeneHHbIM N ABYXYPOBHEBBIM.

OkcnepumeHT 1 codveTtan peructpauuio HP 1 noBegeHveckux nokasaTenen BbINOMHEHWS 3agadn. Bbinu
MCnonb3oBaHbl ABa TUMa AeBUAHTHBIX CTUMYIOB — «CIOXHbIEY», Pacno3HaBaHWe KOTOpbIX TPpeboBano KOHbIOHKUUK
NPU3HAKOB, U «NPOCTbIE», KOTOPbIE MOMMN BbITb pacno3HaHbl N0 0gHOMY Npu3Haky. OTBETbl Ha CIOXHbIE CTUMYIbI
Obin mMeaneHHee un cogepxanu 6Gonblie owmnboK. TonbKO ANst NPOCTbIX CTUMYNOB OWMOKM Oblnn CBsI3aHbl C
yBENUYEHNEM BpPEMEHW peakumun. TONMbKO B OTBET HA CMOXHbIE CTUMYMbl OLWIMOKN OblNK CBSA3aHbI CO CHMKEHUEM
amnnutygel HP. Amnnutyga P300 6bina Bbllwe Ans CAOXKHbIX CTUMYNOB. JlMwb AN NpOCTbIX CTMMYFOB
Habnoganocb cHkeHne amnnutyabl P300 npu owmnbkax. Takum obpasom, B npeaenax ogHOro aKCrnepumMmeHTa Mol
Habnoganm addeKTbl, HAa KOTOPbIX OCHOBaHbI [ABa KOHKYPUPYOLUX TeopeTudeckux nogxoga. Pesynbtatsl no HP
YKa3blBaloT Ha TO, YTO HEVPOHHas NOoNynsaumMs, KOAMPYOLLas CBA3bIBaHNE NMPU3HAKOB, TECHO CBS3aHa C HEMPOHHON
nonynsauunen, reHepupyrowen HP. Pesynbtatel no P300 n noBegeH4eckne pesynbTaThl ykasbiBaloT Ha 06paboTky
CBSI3bIBAEMbIX MPU3HAKOB Ha Ooree BbICOKMX YPOBHAX. [MonyyeHHble AaHHble YKa3blBalOT, YTO CBA3biBaHWE
NPU3HaKOB ABMSIETCA pacnpeaeneHHbIM MHOTOYPOBHEBbBIM MPOLIECCOM.

OkcnepMmeHTbl 2 U 3 (B CNyXOBOW U 3pUTENbHOM MOLanbHOCTAX COOTBETCTBEHHO) OblnMM OCHOBaHbI Ha
MaHUNyNAauusax BHUMaHmeM. [ns cnyxoBbiX CTUMYIOB NpU3Hakamun SBASNMCb BbICOTa W NOKanusaums TOHOB, ANS
3pUTENbHLIX — OPUEHTaUMs U MPOCTPaHCTBEHHAsl YacTtoTa peweTok. HP 6bina BblpaxeHa nulb B YCNOBUSIX
npuBneYeHnss MPOM3BONBLHOMO BHUMAaHWUA K 3a4aHHON KOHBIOHKUMM npusHakoB. HP 6bina cHwkeHa unu
OTCyTCTBOBana B OTBET Ha WIHOpPUPYeMble HeueneBble KOHBIOHKLUMM MNPU3HaKOB, a Takke B YCMNOBMAX
HeC(OKyCUPOBAHHOIO BHUMMaHUS WNIN  MEXMOOANIbHOIO OTBIIEYEHUS BHUMaHWA. Takum oOpas3om, BOMPEKM
npegbiaywmm uccnegosanvam HP, Mbl nokasanu, 4TO paHHee npeABHUMATENbHOE CBSA3bIBaHME MPU3HAKOB
NPOUCXOAMNT TOMbKO NPY YCNOBUN COOTBETCTBYIOLLIErO HUCXOASALLEro KOHTPOMS CO CTOPOHbI CUCTEMbl BHUMaHMUS.

UccnedosaHue ebirnonHeHo npu noddepxxke epaHma PMH® Ne 15-06-10742.
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Feature binding is believed to be critical for perception, while brain mechanisms of this process are still
under debate. Studies measuring mismatch negativity (MMN) demonstrate that binding occurs at a low level of the
cortical hierarchy, while behavioral experiments suggest a much higher integrative level. The current study aimed
at testing the hypothesis that processing of feature conjunctions is distributed and may involve two different levels.

Experiment 1 combined recording both MMN and behavioral measures. Two types of deviant target stimuli
were used — complex stimuli, which required feature conjunctions to be identified, and simple stimuli, which could
be identified by a single feature. Responses to complex stimuli were slower and less accurate than responses to
simple stimuli. For simple stimuli, errors were associated with increased response time, while there was no such
effect for complex stimuli. Errors in response only to complex stimuli — but not to simple stimuli — were associated
with decreased MMN amplitude. P300 amplitude was greater for complex stimuli than for simple stimuli. For simple
stimuli, P300 amplitude was reduced on erroneous trials. Thus, we replicated within a single experiment the major
effects reported in two opposing lines of binding research. Our MMN data hint that the neuronal population
encoding feature conjunction is closely associated with (or coincides with) the neuronal population that generates
MMN. Our P300 data and behavioral data are compatible with the explanation that higher processing levels receive
sensory representations of conjoined features as well as of separate features. Our findings provide resolution to
conflicting views concerning the nature of feature binding and support the notion that feature binding is a distributed
multi-level process involving bottom-up and top-down interactions.

Experiments 2 and 3 involved attentional manipulation — with target stimuli in the auditory and visual modality
respectively. Feature conjunction involved tone pitch and location for auditory modality, and Gabor grating
orientation and spatial frequency for visual modality. The basic finding from these two experiment was that that
MMN was evident only in conditions of voluntary attention directed to a particular feature conjunction. MMN was
reduced or abolished in response to ignored nontarget feature conjunctions, as well as in conditions of non-focused
attention and cross-modal distraction of attention. Thus, contrary to previous studies of MMN under feature
conjunctions, we found that early preattentive feature conjunctions happen on condition of a corresponding top-
down attentional control.

This study was supported by Russian Foundation for Humanities, project No 15-06-10742.
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