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AHHOTALMA

HeTepnuMocTb K HeonpeaenéHHOCTU U BbICOKYI0 YyBCTBUTENBHOCTbIO K Yrpo3e HeYAauu paccMaTpmBaloT Kak 0uH U3 daK-
TOPOB, NOLAEPHKMBAIOLLMX XPOHUYECKOE BECMOKOMCTBO Y MALMEHTOB C BbICOKOQYHKLMOHANbHLIM ayTU3MoM. Mbl uccneno-
BaNy, KakMM 06pa3oM 3T IMYHOCTHBIE YePTbl y NALMEHTOB C ayTU3MOM CKa3blBAlOTCA HA MO3roBbIX NpoLieccax, obecneun-
BalOLLMX CTpaTerum Boibopa B BEPOATHOCTHOW Cpege.

21 yyacTHUK aKkcnepuMeHTa oT 19 0o 46 NeT ¢ BbICOKODYHKLMOHAMBHBIM ayTU3MOM 1 BbICOKMM YPOBHEM HETEPMMMOCTM K HEO-
npenenéHHoCTM B Bo3pacTe M 21 HEMpOTUMNMYHBINM [06POBOJIEL, TOFO ¥e BO3pacTa BbINOHANM 3a[jauy BEPOATHOCTHOrO Bbibopa
13 [IBYX aNbTepHaTMB, 0fHA 13 KOTOPbIX MPUHOCKNIA AEHEHbIN BoIMrpbilw B 70% cnyyaes, a fpyraa — 1onbKo B 30% cnyyaes.
Mocne Kaxkaoro Bblbopa UCTbITYeMbIE Noy4any 06paTHYto CBA3b, ¥ METOAOM Npob M OWMBOK OHM 06yYanMch NpeanoyuTeEHMIO
6onee BbIrogHoro ctuMyna. C 3Toro MOMeHTa Mbl paccMaTpyBany YacTble Bbibopbl BbIrOAHOMO CTUMYIIA KaK CriefjoBaHMe BHY-
TPEHHeN LeHHOCTHOM MO, TO eCTb KaK CTPaTeruio UCrosb30BaHus, a pekue Bblbopbl HEBBIFOAHOMO CTUMYNa — KaK Cre-
[0BaHWe CTpaTernm uccnefoBaHuA (KOTopan HeBbIFOJHA B MOCTOAHHOM Cpefe, HO MO3BONIAET afanTUPOBaTh NOBEAEHME K €€
HEOMMOaHHBIM M3MEHEHWUAM). Mbl NpesnoNoHKMIM, YTO XapaKTepHbIE Pa3fIMuMA Medy rpynnamMu B akTUBHOCTM MO3ra, OT-
paaloLLen cTpaTervm MCnoib3oBaHWA M UCCNIE[0BaAHUA, NPOABATCA B NEPUOE MPUHATMA PELLEHWSA, a TaKKe Nocne BHY-
TPEHHeN OLEeHKM NOCTynMBLUE 06paTHOM CBA3M O pesyrbTaTax BbIrOAHOM0 M HEBbIrOLHOMO Bhibopa [1]. Mbl aHanu3upoBanu
beta-ocumnnaumm (16-30 u) B 3anucn MarHuTosHUedanorpammel. llogaBneHne MoLLHOCTM beTa-0CLUMANALMI HUKe GOHO-
BOTO YPOBHA B NEpMOA BPEMEHN Me Y NpeSbABNEHNEM CTUMYJIOB U OTBETOM UCMbITYEMOr0 paccMaTpyBanM Kak noKasareslb
aKTMBaLMKM obnacTer Mo3ra, y4acTBYHLLMX B MPUHATMM PeLLEHMA 0 CTpaTernm Bblbopa, a MoBbILLEHWE MOLLHOCTM beTa-oc-
LMINALMIA Nocnie curHana obpaTHoOM CBA3M 0 NPOMIPLILLE MPU HEBLIFOAHOM BbIBOpE — KaK OTparKeHne paboTbl MeXaHU3Ma,
3aKpennAIOLLEro BHYTPEHHIOK LIEHHOCTHYI0 MOJENb MPUMEHMUTENBHO K TeKyLLern 3aaade [1]. MowwHOCTb KOPKOBbIX MCTOYHUKOB
beTa-ocumnnAuwmiA B 448 obnactax Kopbl 60MbLUMX MOMYLLAPUIA OLEHUBANMW C NOMOLLbI0 MeToaa sLoreta Ha ypoBHe oTaenb-
HbIX peanu3aumin. CTaTUCTUYECKUIN aHaNM3 OCYLLECTBAIANM C MOMOLLbIO CMELaHHbIX NIMHenHbIX Modenen (LMM), nonpaeky
Ha MHOMECTBEHHbIE CPaBHEHWA BbIMOSHANM C noMoLblo MeToga FDR Ha umcno aHanuampyeMbix obnactein Kopbl 60mbLUmx
nosyLuapui. AHanus 6bin HanpaBneH Ha uHTepBan NpuHATUA peLueHus (—900...—300 Mc nepe MOTOPHBIM ENCTBUEM Bblibopa)
Y MHTepBan nocne obpatHon ceAsm (500-900 Mc nocne Havana npegbABeHWA obpaTHom caAsm) [1].

CornacHo pe3ynbTaTaM OMPOCHUKOB, Y4aCTHUKM 3KCMEPUMEHTA C BbICOKODYHKLIMOHANBHBIM ayTU3MOM UMENIN JOCTOBEPHO
bonee HU3KyI0 TEPNMMOCTb K HEOMpeSeNnéHHOCTM U bonee BbICOKYID HETEPNUMOCTb K HEONPeaeNnEéHHOCTU MO CPaBHEHMIO
C HEMPOTUMUYHBIMU UCTILITYEMBIMU.

WccnepnosaHve npuHecno [Ba OCHOBHbIX pe3ynbTata. Bo-nepBbix, Npy NPUHATUM PELLEHUA YPOBEHb aKTUBaLMK obnacTen
MO3ra 3aBWCeN 0T TUNa BbI6Opa Y KOHTPOJbHBIX UCTBITYEMBIX M UCTIBITYEMBIX C ayTU3MOM NPSAMO MPOTUBOMOSIOHHBLIM 06pa-
30M. [pUHATUE peLLEHMA 0 BbIFOSHOM BbIGOpe B CPAaBHEHMM C HEBLIFOAHLIM COMPOBOXKAAN0Ch MEHBLLEN aKTUBALMEN HUMK-
HEBMCOYHBIX, TEMEHHbIX U MeMasbHbIX 06HBIX 06/1aCTeN KOpbl Y KOHTPOMBHBIX UCTILITYEMbIX M B0MbLUIEH aKTUBALMIA 3TUX
30H Y WCMbITYEMbIX C PacCTPOMCTBaMM ayTUCTUYECKOrO CNEKTPa. 3TM AaHHble YKa3blBalOT Ha TO, YTO HEMPOTUMMUYHBIE WUC-
NbITyeMble NPV NPUHATUM BbIFOLHOMO ANA HUX PELLEHUA TPATAT MeHbLLE PECYPCOB MO3Ta U UCTILITHIBAIOT MEHbLLE IMOLMHN,
YeM B CNlyyae UCCNeA0BaTENbCKOro BbI60pa, KOTOPbIM, MCXOAA U3 X MPOLLIOrO OMbITa, C BHICOKON BEPOATHOCTLIO MPUHECET
Heygady. HanpotuB, nloay ¢ ayTM3MOM pacxofyloT aHOMasbHO MHOMO PECYPCOB BHUMAHUA WU 3MOLMIA NpU NNaHUPOBaHWK
OTHOCMTESIbHO Be30nacHbIX AR HAX ENCTBUM, UCXOL KOTOPbIX CyNIUT BEPOSTHYIO (HO He rapaHTMPOBaHHyIo) BbIFOAY, TOraa
KaK yrpo3a BbICOKOBEPOATHOW Hey4aumn akTMBUPYET UX MO3I B MeHbLUEN CTENeH!.
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Bo-BTOpbIX, BHYTPEHHAA OLEHKa NOCTYNMBLUEW 06paTHOM CBA3M Oblfa CBA3aHa C PasuuMAMM MeXAY NI0SbMM C ayTU3MOM
1 KOHTPONbHBIMU UCTBITYEMBIMU B (YHKLIMOHANBHOM aKTUBHOCTM OpOUTOPPOHTANbHBIX M NaTepasnbHbIX NPePpoHTaNbHbIX
obnactei Kopbl NpY UcCNefoBaTenbCcKoM (HeBbIroHOM) Bbibope. Kak v B HalleM npefbloyLimMM UcCiefoBaHUK, Y HeMpo-
TUMWUYHBIX UCMIBITYEMBIX HabMlofanack cuibHas beTa-CMHXpPOHMU3aLMA Noce 0TpULaTeNbHON 06paTHOM CBA3M NOC/E HEBbI-
rogHoro Beibopa [1]. B oTMumMe 0T KOHTPONBHBIX UCMBITYEMBIX, Y UCTIBITYEMBIX C PACCTPOMCTBAMM ayTUCTUYECKOrO CNEKTPa
OTCYTCTBOBasNla CMHXpOHM3aLUMsA GPOHTaNbHbIX 6eTa-0CUMANALMIA NOCNe NPOUrpbILIA B pe3ynbTaTe HEBLIFOAHOIO BbiOopa.
370T daKT MoMeT 03HauaTb craboe 3aKpensieHne BHYTPEHHEN LIeHHOCTHOW MOJENM, KOTOpoe B HOpMe BO3HMKAaeT mocse
COBMafeHNA NPOrHO3MPYEMOr0 Ha eé 0CHOBE HEraTMBHOIO MCXOAA [EVCTBMA C ero peanbHbIM pe3ynbraToM [1].

B uenoM, Hawwe vccneoBaHue MoKasano, YTo JIOAEN C pacCTPOMCTBaMM ayTUCTUYECKOrO CMEKTPA U KpalHen HeTepnu-
MOCTbIO K HEOMPefeNnéHHOCTU XapaKTepu3yeT aHOMasbHO BbICOKMIA YPOBEHb BOBJIEYEHWA MO3TOBbIX CUCTEM MPUHATUA
PELUEHNI B OTHOCUTENIbHO Be30MacHbIX YCOBMAX, rapaHTUPYIOLLMX BbICOKYI0 BEPOATHOCTL BAaronpuATHOrO ucxoga nna-
HUpYeMoro JencTBMA. 3Ta Haxo[Ka NPONMBAET CBET Ha NMPUYMHBLI NapafoKCanbHOro MOBLILLEHWUS YPOBHSA TPEBOTU U Be-
reTaT¥BHOM PEaAKTMBHOCTM Y TaKWX MI0JeN B CUTYaLMAX OXKMAHWA Harpafdbl, KOTOpble, B OTIMYKME OT Yrpo3bl HaKa3aHwA,
M0 CBOEW NPUPOe He ABMAKOTCA aBepCUBHbIMYU [2].
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ABSTRACT

Intolerance of uncertainty and high sensitivity to the threat of failure are believed to contribute to chronic anxiety in individuals
with high-functioning autism. This study examines the influence of these personality traits on the brain processes involved in
decision-making in a probabilistic setting among autism patients. Furthermore, we explore the causal relationship between
these personality traits and chronic anxiety in individuals with high-functioning autism.

Twenty-one high-functioning autistic individuals who are intolerant to uncertainty, aged 19 to 46, and 21 neurotypical volunteers
of the same age, carried out a probabilistic choice experiment with two alternatives. One option yielded a monetary profit
of 70% of the time, while the other brought only a 30% gain. Following each selection, the subjects received feedback on
their decision and gradually learned, through trial and error, to prefer the more advantageous option. From this point forward,
we consider frequent selections of a beneficial stimulus to align with the internal utility model, specifically the exploitation
strategy. On the other hand, sporadic choices of a detrimental stimulus correspond to an exploration strategy, which may prove
disadvantageous in a stable environment but enables adaptation to unforeseen changes in the surroundings.

We hypothesized that there are characteristic differences in brain activity reflecting exploration and exploitation strategies
between groups, which would emerge during the decision-making period and after internal feedback evaluation regarding
advantageous and disadvantageous choices [1]. Beta oscillations (16—30 Hz) were analyzed in the magnetoencephalographic
recordings. The decrease in beta oscillation power below baseline during the period between stimulus presentation and
subjects’ response indicates activation in brain regions related to decision-making strategy. Conversely, an increase in beta
oscillation power following feedback signaling a disadvantageous choice reflects a mechanism that reinforces internal value
models in current task conditions [1]. The cortical sources of beta oscillations in 448 cortical areas were estimated using
the sLoreta technique at the single-trial level. Mixed linear models (LMM) were used for statistical analysis with correction
for multiple comparisons via the FDR method for the number of cortical areas analyzed. The study concentrated on the time
interval for decision-making (=900 to —300 ms prior to the motor action of choice) and the post-feedback period (500 to
900 ms after the commencement of the feedback presentation) [1].

Based on questionnaire results, individuals with high-functioning autism exhibited a significantly lower tolerance for
uncertainty and a greater intolerance for uncertainty when compared to neurotypical participants.

The study generated two primary findings. Initially, the extent of brain activity during decision-making differed in control subjects
and subjects with autism based on the type of choice, with exact opposition. Opting for an advantageous vs. disadvantageous
choice was linked with reduced activation of the inferior temporal, parietal, and medial frontal cortex regions in control subjects
and elevated activation in these regions for subjects with autism spectrum disorder. These findings suggest that neurotypical
individuals utilize fewer neural resources and exhibit decreased emotional response while deciding in favor of a known profitable
outcome compared to opting for an uncertain choice — one that is more likely to result in a negative outcome based on
previous experiences. Individuals with autism allocate disproportionate amounts of attention and emotional resources towards
planning actions that are deemed safe and offer only a probable (though not definite) advantage. Conversely, the prospect
of failure due to risky behavior induces a comparatively muted response in their brains.

Second, our internal evaluation of feedback focused on variations in functional activity within the orbitofrontal and lateral
prefrontal cortical areas during exploratory (disadvantageous) choices between individuals with autism and control subjects.
As previously reported, neurotypical subjects demonstrated significant beta synchronization following negative feedback
after disadvantageous choices [1]. Contrary to control participants, individuals with autism spectrum disorder exhibited
a lack of synchronization in frontal beta oscillations following losses incurred from unfavorable selections. This observation
may indicate insufficient reinforcement of the internal utility model, which typically strengthens in response to negative
outcomes that align with predicted results [1].
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Overall, our study found that individuals on the autism spectrum with a high intolerance for uncertainty exhibit significantly
increased activation of brain decision-making systems in situations that are perceived to be low-risk and with a high
probability of a successful outcome. These findings clarify the reasons behind the puzzling rise in anxiety and autonomic
reactivity among individuals in situations where they anticipate rewards, which are not inherently aversive unlike fear
of punishment [2].

Keywords: probabilistic task; exploration and exploitation; beta oscillations; reinforcement; autism spectrum disorders;
high-functioning autism; magnetoencephalography.
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