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AeATeNnbHOCTM No xapaktepuctukam I3I/BIl-curnanos
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AHHOTALMA

B pabote npepnctaBneHbl pe3ynbTaThl UCCE[OBaHWA HEMPOGU3NONOrMYECKMX XapaKTEPUCTUK BbIMOSHEHWA BepbabHbIX
1 HeBepbarnbHbIX TBOPYECKMX 3334, @ TaKMKe CPABHUTESbHLIN aHaIM3 HEKOTOPbIX NOAX0L0B K KnaccuUKaLMm BpeMEHHbIX
PAAOB M YaCTOTHO-BPEMeHHbIX KapT 33 -curHana Ha 0CHOBe HEMPepbIBHOrO BeVBNeT-NpeobpasoBaHuA.

B vccnepnoBaHuAX NPUHANK y4acTMe HECKONBKO FPYMM MCMbITYEMbIX, BbIMOMHABLUMX pasHble TBOpPYECKME 33fa4uM 0HOBpe-
MeHHO ¢ peructpaumein 33 unu BbI3BaHHbIX NoTeHUManos (B1): npuaoyMbiBaHWe OPUIMHAMBHBLIX OKOHYAHMI K M3BECTHBIM
nocnosuuaM «MOCITOBALbI» [1-3] (napagurma BI), npuayMbiaHue ciokeTa no KaptuHke «PACCKA3» [4] (3peck 1 nanee —
HenpepbiBHasA LeATENbHOCTL NPY CMeHe COCTOSHMIA); 3aBepLueHue 3ckn3oB (TecT ToppeHca) «ICKU3bl», cBoboaHoe xyporke-
CTBEHHOE TBOPYECTBO NPOYECCMOHANBHOIO XyOOHHMKA «3CKU3UPOBaHIME, XOJICT, CMOTP U Apyran OeATeNbHOCTb» [3].
lMoKa3aHo, 4To MOMCK OpPUrMHANbHOO OKOHYaHUA B CPABHEHUM C KOHTPONIbHOW 3ajayerd — «BCMOMHUTb OKOHYaHue no-
CIOBULbI» — XapaKTepu3yeTcA 60MbLUMMU 3Ha4eHUAMM MoLLHocTY 8—9 'l B NpaBoii NOGHOM 1 NeBOIi TEMEHHOI 0bnacTax
Kopbl. NpuayMbiBaHWe paccKasa Mo KapTUHKE MO CPABHEHMIO C 3afayel «ONMCaHUA KapTUHKNY TaKMKe XapaKTepu30Banoch
60NbLUMM NPOLLEHTOM OTAENbHBIX YacToT anbda-ananasoHa B cTpykType 33, B ycnoBumsAx cBOGOAHOMO 3CKM3UPOBaHUA Bbl-
fiBNeH 6onee BbICOKMI NpoLeHT TeTa- (5—6 I'y) 1 anbda-yactoT (12—13 ') B NOBHBLIX U TEMEHHBIX 30HaX KOPbI XyA0MHUKA
B CPaBHEHUW C KOHTPOJIbHOM 3afjauet pUCOBaHMA 3a[aHHbIX JIMHWNA.

MoMumo aHanm3a 33/BI-xapaKTepucTvK Npu BbIMONHEHUM TBOPYECKUX 3afaHUI CTaBunach 3afada MccneaoBaTb BO3-
MOKHOCTb Hambosee TOUYHOW KNacCM(GUKaLMU COCTOAHMIA TBOPYECKOWM OEATENbHOCTM [NIA AanbHelLlen pa3paboTku Ma-
LUMHHOMO anropuTMa pasfiuyeHuA cTaguin/cocToAHUIM TBOPYECKOro npoLiecca no xapakTtepuctukam 33/BIN.

B paboTe Mcnonb3oBanu MHCTPYMEHTbI «/IMHENHOW» KNacCUdUKaLMM BPEMEHHbIX PAAOB («CbIporo CUrHanax») B pedepeHt-
HOM MOHTae W npu npeobpasoBaHMM K UCTOYHMKY Toka (CSD). [na KnaccudmKaumm «BpeMeHHbIX PAJOB» HenpepbiBHbIE
33l pa3genanu Ha gparMeHTsl o 2 ¢, a anA knaccudukaumm Bl cnonbsosanu uxtepeansl 1500 Mc nocne npegbABNEHNSA
ctumyna. [anHble 331/BI Take nNpeacTaBnanM B BUAE 4YaCTOTHO-BPEMEHHbIX KapT Ha OCHOBE pacyéTa HenpepbiBHOMO
BenBneT-npeobpasobaHuna (Mopne) ana yactot ot 3 go 30 I'u. Kawpoe nsobparkeHue reHepuMpoBanochb AnA MHTepBana
4 c ¢ warom 100 mc (pna HenpepbiBHbIX 3anucert 330) unm ana uHtepeana 1500 Mc nocne npegbABNEHUA cTUMyna (anA
BIM) v cocTosAno 13 4acToTHO-BPEMEHHBIX KapT 30H MHTepeca: fobHoro (Fz) u TemeHHoro (Pz) otBedenuit. [lanee n3obpa-
¥EHWUA YaCTOTHO-BPEMEHHBIX KapT KnaccupuumpoBanm npy NoMoLy MoAMOULMPOBAHHOM CBEPTOUYHOM HEMPOHHOM CETM
(47 cnoéB Ha ocHoBe apxuTeKTypbl SqueezeNet). [ina Bcex npouenyp Knaccudmraumm 33l -cuMrHanos MCMonb30Bany onumm
nporpammHoro naketa Classifier learning n Deep Network Designer B cpenie MATLAB. Bo Bcex cnyyasnx obydalowme v Te-
CTOBble BbIOOPKM He NepeceKanuchb v npeacTaBnAnu cootHoweHue 80:20%.

Mpw pacno3HaBaHWM COCTOAHWUI UCMONb30BanM Mofenu TBopyeckux 3atay «PACCKA3» — 4 Knacca cocTosHMi (onucaHue
KapTWHKK, NPUOYMbIBAHWE CIOXETA, NPOLOSIKEHUE NPULOYMbIBAHUA ClOXKEeTa, GOH C OTKPLITbIMU FNa3amMu) — C JyuLwnM
pe3ynbTtatoM 53,4% ana SqueezeNet.

Mpun pacnosHaBaHuM cTagmi TBopyeckon geatensbHocT «CBOBOAHOE XYOOHECTBEHHOE TBOPYECTBO» mcnonb3oBanu
3 cOCTOAHMA NPodeccMOHaNbHOr0 XyAOMHUKA ANA KnaccupuKkaumm (GoH C OTKpPLITbIMM FNla3aMu, HUBOMKUChL MO XOACTY,
MPOCMOTP M OLieHKa paboThl Mo xoncty). Knaccuduumposanu Takke 3 cocToAHMA (GOH C OTKPLITBIMU Fa3amMu, TBOPYECKOE
pucoBaHue B Tecte ToppeHca, pUcoBaHMe 3afaHHbIX 06BEKTOB) B MOAENW BbIMONHEHWA KNAcCUYECKOr0 TBOPYECKOrO 3a-
AaHWA Ha HeBepbanbHyto KpeaTMBHOCTL «3CKMU3bI».

B nepBoM cnyyae cBO60AHOM0 PUCOBAHUA M OLEHKM NPOM3BELEHUA TOYHOCTb KnaccuduKaLmm BPeMEHHbIX PAJOB cOCTa-
Buna 86.9 npu CSD npeobpasoBanum ana Kernel Naive Bayes. Bo BTOpoM ciyyae TOYHOCTb pa3feneHns COCTOSHUM ¢oHa
1 TBOPYECKOr0/HETBOPYECKOr0 PUCOBaHUA cocTaBuna 66.9% npu Mcnonb3oBaHUM KnaccuuKaTopa Ha OCHOBE MaLLMHbI
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onopHbIX BeKTOpoB (I"ayccoBcKan paguansHasa 6asucHas dyHkuma (SVM fine Gaussian)). Mcnonb3oBanue ansa Kknaccudu-
KaLMM 4aCTOTHO-BPEMEHHBIX KapT M CBEPTOYHON HEMPOHHOW CETU MPUBOAMIO K MOBbLILLEHUIO TOYHOCTU KnaccupuKaumm
no 98,% B nepom cnyyae 1 8o 96,5% — Bo BTOpOM.

B nccnepoBaHMax B napagurMe Bbi3BaHHbIX noTeHuManos (Mogens «[OCI0BULbI») ana knaccudmKaumm ncnonb3oBanu
nogxopn single-trial AnA TPEX COCTOAHUM: HaXOMLEHWE COOCTBEHHOMO «HOBOr0» OKOHYaHMA 06LLEN3BECTHOM MOCIOBULLbI,
HaxoXAeHUe CMbICIOBOrO0 CMHOHMMA OKOHYaHWA M BCMOMMHAHME MUCXOQHOMO OKOHYaHMA nocnoBuubl. Knaccugmkaumio
NPOBOAMIN ONA Kaxwaoro yyactHuka (15 yenoBek) MHAMBMAYanbHO. Y BCex pesynbTaTbl MU MOMOLLM JIMHEMHOrO AWC-
KPMMWMHAHTHOr0 aHanu3a Obinn Bbile Mopora cy4alHoro pacnosHaBaHuA (MUHUMYM — 37,8%, Makcumym — 58,5%,
B cpefHeM o rpynne — 46+6%).

TaK Kak B Mogenu «INOC/T0BULbl» Kaxkaoe 3apgaHue cogeprkano He 6onee 100 npob, BO3MOMKHOCTb NOYUMTb JOCTATOYHYIO
BbIOOPKY 00pa3LioB YaCTOTHO-BPEMEHHBIX KapT ANiA 00y4eHWUs CBEPTOYHOM HEMPOHHOW CETM OTCYTCTBOBana, bbina npea-
NMPWHATa NonbITKa GOpPMUPOBaHMA 0bYyYaloLLEeN BbIBOPKM C UCMOMb30BaHWEM 06pa3LoB M306parKeHU BCEX UCTbITYEMbIX
(922 obpasua ans HaxowaeHUs cobcTBeHHOro BapuaHTa oteeTa, 1102 — ans HaxoaeHus cuHoHuMa u 1180 — pna Beno-
MMHaHWUA OKOHYaHWA). B aToM cnyyae, KnaccuuKauma obLuet no rpynne Boi6OPKM 06pasLOB He NpeBbILLana cy4aiHoro
nopora (36%), 4to, No BCen BUAMMOCTM, CBA3AHO C MECYObEKTHOW BapnabeNibHOCTbI0 AaHHBIX.

Ha naHHbIN MOMEHT MCMOMb30BaHWe CBEPTOUHbIX HEMPOHHbIE CETEM NOKa3an0 CPaBHUTESIBHO JTyYLIMIA pe3ynbTaT 4f1A Kiac-
CUOMKaLMM «HENPEpPLIBHLIX», ANUTESbHBIX COCTOAHWUI TBOPYECKOM AEATENBHOCTY, B TO BPEMA KaK OLIeHKa BbICTpbIX «nepe-
XOAHbIX» npoLeccoB 6onee adpdeKTMBHA NpU KNAcCMGUKaLMN «BPEMEHHBIX PALOBY.

KnioueBble coBa: BepbanbHan TBOpUECKanA LEATENbHOCTb; XYA0HECTBEHHOE TBOPYECTBO; BPEMEHHbIE PALLI; YaCTOTHO-
BpeMeHHble KapTbl; 33; BIl; CSD; SqueezeNet; knaccudmKauma cocToAHUM.
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AOMOJIHUTENIbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbI NOATBEPHAAIOT COOTBETCTBME CBOEM0 aBTOPCTBA MexAyHapoaHbIM Kputepuam ICMJE (Bce aBTo-
pbl BHEC/IN CYLLIECTBEHHBIN BKNa B Pa3paboTKy KOHLEeNUMm, NpoBefeHve MccnefoBaHnaA v NOAroTOBKY CTaTbk, NPOYnv 1 0[06-
pUI GrHaNbHYI0 BEpCyio nepeq NybanKaumen).

UcTounuk puHaHcupoBanua. PaboTa nogaeprara Poccuitckoro HayyHoro ¢oxaa 22-28-02073.

KoHdnuKT uHTepecoB. ABTOpPLI JEKNAPUPYIOT OTCYTCTBME ABHBIX 1 NOTEHLMANbHBIX KOHGVMKTOB MHTEPECOB, CBA3aHHBIX C Ny6-
JIMKaLWel HaCTOALLIe CTaTbu.

CMUCOK JIUTEPATYPbI

1. Bechtereva N.P., Danko S.G., Medvedev S.V. Current methodology and methods in psychophysiological studies of creative thinking //
Methods. 2007. Vol. 42, N 1. P. 100-108. doi: 10.1016/j.ymeth.2007.01.009

2. Shemyakina N.V., Danko S.G., Nagornova Zh.V., et al. Changes in the power and coherence spectra of the eeg rhythmic components
during solution of a verbal creative task of overcoming a stereotype // Fiziol Cheloveka. 2007;33(5):14-21.

3. Shemyakina N.V., Nagornova Z.V. Does the instruction “Be original and create” actually affect the eeg correlates of performing creative
tasks? // Hum Physiol. 2020. Vol. 46. P. 587-596. doi: 10.1134/S0362119720060092

4. Shemyakina N.V., Nagornova Zh.V. EEG “signs” of verbal creative task fulfillment with and without overcoming self-induced stereo-
types // Behav Sci (Basel). 2019. Vol. 10, N 1. P. 17. doi: 10.3390/bs10010017

5. Shemyakina N.V., Potapov Y.G., Nagornova Zh.V. Dynamics of the EEG frequency structure during sketching in ecological conditions and non-
verbal tasks fulfillment by a professional artist: case study // Human Physiology. 2022. Vol. 48. P. 506-515. doi: 10.1134/S0362119722700050

KOHTAKTHAA UHOOPMALIUA

* H.B. llemaAruHa; appec: Poccuiickan Oefepauns, 194223, CaHkt-Metepbypr, np-T Tope3a, A. 44; e-mail: shemyakina_n@mail.ru

&
ECOeVECTOR Avrticle can be used under the CC BY-NC-ND 40 International License
© Eco-Vector, 2023

883


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/gc623517
https://doi.org/10.1016/j.ymeth.2007.01.009
https://doi.org/10.1134/S0362119720060092
https://doi.org/10.3390/bs10010017
https://doi.org/10.1134/S0362119722700050
mailto:shemyakina_n@mail.ru

MATEPNAJTTE KOHOEPEHLIM Tom 18, N\e 4, 2073 [eHBI 1 KNEeTHN
CONFERENCE PROCEEDINGS Vol 18 (4) 2023 Genes & cells 8
4

DOI: https://doi.org/10.17816/gc623517

Neurophysiology of creativity and machine learning
applications for creative process’ stages differentiation
through assessment of EEG/VP signals

N.V. Shemyakina*, Zh.V. Nagornova

Sechenov Institute of Evolutionary Physiology and Biochemistry of the Russian Academy of Sciences, Saint Petersburg, Russian Federation

ABSTRACT

The study presents the findings of investigations into the neurophysiological characteristics of verbal and nonverbal (artistic)
creativity, alongside a comparative analysis of various approaches to classifying time series and time-frequency maps
(using continuous wavelet transformation) for EEG signals.

The studies included various groups of subjects who completed different creative tasks while undergoing EEG or ERP
registrations. These tasks included creating unique endings to familiar proverbs using the ERP paradigm [1-3], developing
a plot based on a provided image called Story [4] (referred to as continuous activity during changing states), completing
sketches using the Torrence test called Sketches, and creating freeform artistic drawings on canvas and receiving feedback
from a professional artist, referred to as sketching, canvas, review, etc. [5].

It was demonstrated that searching for the original ending, in contrast to the control task of recalling the ending of
the proverb, led to increased power values of 8—9 Hz in the right frontal and left parietal regions of the cortex. Additionally,
inventing a story based on a picture, as opposed to simply describing the picture, was associated with a higher percentage
of individual alpha frequencies in the EEG structure. Under the conditions of unconstrained sketching, a greater proportion
of theta (5—6 Hz) and alpha frequencies (12-13 Hz) in the frontal and parietal regions of the artist’s cortex were discovered
in contrast to the control task of drawing lines.

The study aimed to explore the potential of accurately classifying states of creative activity by analyzing EEG/ERP
characteristics during creative tasks. This will further aid the development of a machine learning algorithm that distinguishes
stages/states of the creative process through EEG/ERP characteristics.

Linear classification was used for the time series (raw signal) in both reference values and conversion to current source
density (CSD). Continuous EEGs were divided into 2-second fragments for the classification of time series, and 1500 ms
intervals were used for the classification of ERPs after stimulus presentation. In addition, the EEG/ERP data was presented as
time-frequency maps, calculated using the continuous wavelet transform (Morlet) for frequencies ranging from 3 to 30 Hz.
Each image was generated for a 4-second interval with increments of 100 milliseconds (for continuous EEG recordings) or
for a 1500-millisecond interval after presentation of the stimulus (for evoked potentials). These images consisted of time-
frequency maps of zones of interest, specifically the frontal (Fz) and parietal (Pz) leads. The time-frequency map images
were classified using a modified convolutional neural network with 47 layers based on the SqueezeNet architecture. EEG
classification procedures were carried out using the Classifier learning and Deep Network Designer software package
options in the Matlab environment. The training and test samples never overlapped and were proportioned 80:20%.

When classifying states for the Story creative task model, four categories were used: describing an image, creating a plot,
advancing a plot, and a background with eyes open. SqueezeNet yielded the highest accuracy rate of 53.4%.

When classifying the stages of Free Artistic Creativity, three states of a professional artist were used for classification:
background with open eyes, painting on canvas, and viewing and evaluating work on canvas. Similarly, the Sketches model
for non-verbal creativity classified three states: background with open eyes, creative drawing in the Torrance test, and
drawing of given objects.

In the first instance of spontaneous drawing and self-evaluation, the Kernel Naive Bayes classifier achieved an 86.94%
accuracy in time series classification with CSD conversion. In the second scenario, a support vector machine (Gaussian
radial basis function) classifier achieved a 66.9% accuracy in distinguishing between background states and creative/non-
creative drawing. The use of time-frequency maps coupled with a convolutional neural network resulted in a classification
accuracy of 98.2% in the first case and 96.5% in the second case.

In studies of ERP paradigms using the Proverbs model, a single-trial approach was used to classify three states: generating
a novel ending for a well-known proverb, identifying a semantic synonym for the ending, and recalling the original ending
of the proverb. Classification was conducted individually for each of the 15 participants. All outcomes, determined using
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linear discriminant analysis, surpassed the threshold for random recognition, with results ranging from a minimum of 37.8%
to a maximum of 58.5% and an average of 46+6% for the group.

Since the Proverbs model only included tasks with a maximum of 100 samples, it was not possible to acquire an adequate
number of time-frequency maps for training a convolutional neural network. To address this limitation, the training sample
was formed by using image samples from all participants, resulting in 922 samples for finding the original answer, 1102 for
finding a synonym, and 1180 for recalling the end. In this instance, the categorization of the sample population as a whole
did not surpass the arbitrary threshold of 36%, which may be attributed to the variability between subjects within the dataset.
Convolutional neural networks have demonstrated superior performance in classifying continuous and long-term states
of creative activity. On the other hand, estimating fast transients proves to be more efficient in classifying time series.

Keywords: verbal creativity; non-verbal creativity; time series; time-frequency maps; EEG; ERP; CSD; SqueezeNet; clas-
sification.
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