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BeineneHs! cnoXuBIIMECs Ha JaHHBIH MOMEHT JBa OCHOBHBIX HAaIlPaBJICHUS IPHMEHEHUS
HEWPOKOMITBIOTEPHBIX MHTEP(EHCOB B 00pa30BaTEIbHOM IIPOIIECCE: BBIBICHUE XapaKTepH-
CTHK aKTyaJbHOTO COCTOSIHUSI OOYy4aromerocs U ero CBOEBpEeMEHHasi KOPPEeKIys (WM caMo-
KOPPEKIHs); MOHUTOPHHT KOTHUTHBHON aKTMBHOCTH OOYYarOLIErocs MpH BOCIPHUATHH ydel-
HOTO MaTepuaa JUlsl ONpeIeNeHUs] ONTHMATIbHBIX ITapaMEeTPOB U YCIOBHH €ro MpeCTaBICHUsL.
[epcrieKTUBHBIMU 1TOIXOJAMH HCIIOIB30BaHUS HEHPOKOMIBIOTEPHBIX HHTEP(ENHCOB B 00yte-
HUH ABJISIIOTCS: TIPOTHO3HPOBAHHUE MPOAYKTHBHOCTH yIeOHOH AESITENPHOCTH, O0yUeHHE CaMo-
KOHTPOJIIO, BHISBIICHHE KOTHUTHBHBIX U a)()eKTHUBHBIX COCTOSHHH ydJalUXcsl MpU 00ydYeHHH
OTZENBHBIM IpeIMeTaM, OLICHKA BIUSHUS JIEKTPOHHBIX CPENICTB 00YUSHHUs Ha IPOLIECC YCBO-
eHue nHdopMaIy, MOHUTOPUHT JMHAMHKHA MHTEHCHBHOCTH MO3HABATENBHOI JAEATEeNbHOCTH
y4aluxcst Ul ONTUMU3alMK II0Aa41 y4eOHOro MaTepuaa.

KuroueBble cj10Ba: HEHPOKOMITBIOTEPHBIC HHTEP(EHCH; MOBBIIICHHE KauecTBa 00pa3oBaHMs;
JJIEKTPOHHOE 00y4eHHe; yueOHas NeITeIbHOCTD.

BBeaenune

B coBpeMeHHOM TMHAMUYHOM MHUDE U B YCJIOBUSAX MHOT033/1a4HOCTH BO3HHU-
KaeT HeoOXOAUMOCTh B HETIPEPHIBHON ONTHMH3AIMN HCIIONB30BAHUS KOMITHIO-
TEPHBIX TEXHOJOTHH, KOTOPhIE Ha MPOTHKEHUH YK€ HECKOIBKUX JECITUICTUN
SBISIFOTCS. HEOTHEMJIEMOHM YacThIO JKM3HH uelloBeka. lIpoliecc onTumm3aiiuu
MOXXHO MPOCJIEIUTh OT KOMIBIOTEPHOM KJIABUATYPHl U MBILIKK 10 MOSBIICHUS
CEHCOPHBIX 3KPAHOB U CHCTEM T'OJIOCOBOTO yIpaBieHus. HelipokoMIIbIOTepHbIE
untepdeticel (HKN), nmn maTepdeiic «wvosr—komnsiorep» (MMK), sBisioTcs
HOBOHW Pa3BUBAIOILEHCS TEXHOJIOIHEH, HalpaBIEHHONW Ha YCOBEPILIEHCTBOBAaHUE
B3aUMO/ICHCTBHSI YeJIOBEKa C 3JICKTPOHHBIMH yCTpolicTBaMu. VHTEepderic «mMo3r—
KOMITIBIOTEP» — ATO CHUCTEMa KOMMYHHKAIIWHU, MPEAOCTABISIONIAas KOMITBIOTEP-
HBIM TPHIOKCHISIM TOCTYI K HHPOPMAIMK 0 KOTHUTUBHOM COCTOSIHUH TIOJTB30-
BaTelsl B PEKUME PEalbHOTO BPEMEHH Ha OCHOBE M3MEpPEHHUH aKTUBHOCTH €ro
TOJIOBHOTO MO3Tra, HAIPaBJICHHON Ha YNPAaBJICHHE JIEKTPOHHBIM YCTPOICTBOM
[1-3]. Ix OCHOBHOE HPEUMYIIECTBO 3aKIFOYACTCSI B TOM, YTO OHU HE TPEOYIOT
(U3UYECKOTO BO3JICHCTBUS CO CTOPOHBI IOJIB30BATEINS ISl MOAAYM KOMAHIIBI
cucreme [4].

Pa3BuTHe NaHHOI TEXHONOTUM OCHOBBIBAETCS HAa UAEE, YTO IPOLECCHI, Ipo-
TEKafollie B TOJIOBHOM MO3Te, COJIep)KaT HaMHOTo OoJblre MH(GOPMAIHH, YeM
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MBI HEMIOCPEACTBEHHO HaONII0IaeM B peaknmsx Jiromed. dukcarws u paciud-
poBka nanHoU uHpopmanuu ¢ nomomsro HKU, ¢ ogHo# cTOpoHbI, MOXKET 00ec-
neyuTh OoJiee IIIyOoKoe MOHUMaHKE MOBEJCHUS YeTI0BeKa, C APYroil — Ucmoib-
30BaTbCs IS Pa3pabOTKH DJIEKTPOHHBIX CHCTEM, KOTOPBIE M3MEHST XapaKTep
B3aUMOJIEUCTBHUSI JIFOJEN C MUPOM.

HKMU wm3HavanbHO CO3AaBANKCH IS MPUMEHEHHS B cepe METUIUHBL: IS
BOCCTaHOBJICHHSI CIIOCOOHOCTH K IBFDKCHHIO W ITOMOIIM BO B3aMMOJCHCTBUH
C OKpy’Karomieil cperoi JIoAsM C OTpaHHYCHHBIMH (PH3WYECKUMHU BO3MOXKHO-
ctsamu [5-8], peaOunuranuu mocie uHCyibTa [9—11], oOleHus ¢ nanueHTamMmu
¢ cuaapomom m3ossiiun (locked-in syndrome) [12] u T.1. TTom0KHUTEIBHBINA OIBIT
npumenenuss HKHW oGy nccienoBareneld K TOMY, YTOOBI BBIUTH 33 PaMKH
peLIeHNsT MEINKO-OMOOTHUYECKHX 3a/1a4 M HAa4aTh MCIIOJIb30BaTh UX B APYTHX
00JIacTSX: HEHPOIKOHOMHKE M HEHPOMapKETHHTEe, HHAYCTPUU UTP U pasBiede-
HUH, oOpa3oBaHuM, B cdepe OE30MacHOCTH W IPABOIOPAAKA, a TaKXKe IS
yIy4YlIeHUsT KOTHUTUBHBIX (DYHKUUH (Ha OCHOBE TEXHOJOTHUH OHOJIOTHYECKOM
obparHo# cBsi3m) [13, 14].

Haunbonee pacmpocTpaHeHHBIM IOAXOJI0M TpH peanm3anuu cucteM HKU
SIBJIICTCS] MCTIONIb30BaHKe AnekTposHiedanorpaduun (331 [15, 16]. dukcanus
HeHpo(U3NOIOrUIecKuX KOPPENSTOB YMCTBEHHOIO HANpsDKEHMS, KOHIIEHTpa-
[IUH, peJaKCcaIiy, YCTaJOCTH WM KOTHUTUBHON aKTUBHOCTU B PEXHME peallb-
HOTO BPEMEHH SIBISICTCS ITEPCICKTHBHBIM METOIOM VIS BRISIBICHHS paboTOCTIO-
COOHOCTU M BOBJICUCHHOCTH YeJIOBEKa B yueOHYIO AesTenbHOCTh [17]. MMeHnHo
JOaHHbIA MeTon, mo MHenuto T.0. Zander u coast. [18], uMeeT nmpenMyIecTBO
npen aiTpekepoM [19] U METOZ0M TaKTHIIBHOM 00paTHOU cBsi3u [20] mist Toy-
4yeHus1 H(popManuu 00 aKTyaJbHOM COCTOSHMM 4eJioBeKa. IlopTaTuBHBIC TEX-
rHonoruu D3I (PEEGT) mo3BomnsttoT 06aerants uenoip3oBanne HKU Bo BHena-
0OpPaTOPHBIX YCIOBUAX, B YACTHOCTH B 00pa30BaTEIFHOM IIPOIIECCe.

OaHMM U3 TEepPCIEKTHBHBIX HAMPABICHWA Pa3BUTHUS MICUXOJOTHH 00pa3oBa-
HUSI SIBJISIETCS M3YUCHUE «HEHPOIICHXOJIOTHUECKUX OCHOB OOYUEHHS, BOCTIUTAHUS
u pa3BuTHus denoBeka» [21. C. 77]. B cBs3M ¢ 3TUM MPEACTAaBIACTCS BaKHBIM
BHE/IPCHNE HOBBIX METOJIOB, CIIOCOOCTBYIOIINX MPOBEACHUIO HEHPO(DHU3UOIOTH-
YECKUX HMCCIICAOBAaHNUN B KOHTEKCTE 00pa3oBaHMsA. AKTYyaJbHOCTh NMPUMEHEHHS
HKU B oOpa3oBaTensHOM Iporecce OOYCIOBIICHA peaau3alell KOHIEIHUH
HenpepsiBHOTO oOpazoBanus (long-life learning) n morpedHOCTEIO B 3phexTHB-
HBIX ¥ IOCTYITHBIX aBTOMAaTH3MPOBAHHBIX cHcTeMax oO0ydeHus [13]. Heitpoxom-
MBIOTEPHBIC WHTEP(EUCH TaKKe SIBISIOTCS MEPCIIEKTUBHON TEXHOJOTHEH IUIs
peau3anuy CTpaTernd WHAWBUAYaIH3alud OOyUCeHUS. WHTEIUICKTYalbHAas CH-
CTeMa CMOXET IOJICTPANBAThCA TIOA aKTHMBHOCTH ONPEACICHHOTO T0JIb30BATEINs
[22], amanTHpoBaTh Nojavy y4eOHOro Marepuana IoJ €ro COCTOSHHE, TOMOYb
COCPEIOTOYNTHCS WITH, HA00OpOT, pacciaOUTHCs, KOTAa 3TO HE0OXOJUMO, YTO
JIOJDKHO TIPUBECTH B UTOTE K 0ojiee A3PPEKTUBHOMY YCBOCHHIO y4eOHOTO Mate-
puana. Hakonen, orcnexxnuBaHne HEMPOHHONW aKTUBHOCTH B PEKHUME PEaTbHOTO
BpPEMEHH pacUIMpseT MOHUMAHUE TOTO, KaK YeIOBEYCCKUI MO3T aJanTHPyeTCs
K PasIM4YHBIM YCJIOBHSM, YTO MOYKET HCIOJIB30BATHCS MPU pa3paboTKe HOBBIX
MoAX0JI0B K 00yueHuto [Tam xe].
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Ha cerognsmauii neHh HEHMPOKOMITLIOTEPHBIE HHTEP(EHCH B OCHOBHOM
MPUMEHSIOTCS. B JIAOOPATOPHBIX YCJIOBHSIX, U TOJHKO HEKOTOPHIC M3 MEPEUHC-
JIEHHBIX BbIIIE 00JIACTeW HAYMHAIOT IPOBOJAUTH UX TECTUPOBAHUE B €CTECTBEH-
HOU cpezne [23]. UToObl mpUHUMATh TEXHOJOTHYECKHE W ITHYECKUE PEIICHUs,
cnocobctByromue paspututo HKM B OyaymieM, Heo0X0AUMO MOHUMaHHUE KOH-
KPETHBIX 33]1a4, KOTOpbIe OHU OYAYT peliaTh B TOW WM HHOU cdepe.

Mertoja uccie 0BaHus

B crathe mpencraBieH aHanu3 UCCIEAOBAHUM HCIOIB30BaHMS HEMHBA3UB-
Heix HKU B chepe oOyueHHs C MENBI0 BBIIBUTH OCHOBHBIE TEHACHIIWH, CIIO-
XUBIIHECS K HACTOSIIIEMY BPEMEHH, a TaKkKe 00paTUTh BHUMaHUE Ha MEPCHEK-
TUBHBIe HanpasieHus npumenernss HKU (mpu ycnenmHoM pemeHnn BceX TeXHH-
YeCKUX TPYZHOCTEH) AJIsI TOBBIMIEHN KadecTBa 0Opa3oBaHmsl. [t mOCTIKEHHS
JaHHOW Ienu OBIT NMPOBEAEH 0030p KaK OTCUECTBEHHBIX, TaK U 3apyOesKHBIX
HAY4HBIX TPYAOB, MO3BOJMBIINN OXBATUTh Pa3IMYHbIC MOJXOMBI U B3IV HA
BO3MOKHOCTH TIPAMEHEHHUSI HEHpOUHTEP(EHcoB B 00pa30BaTENIFHOM IpoIiecce.
AHanmu3 HcCIeI0BaHUM MpoBOAMWICS MO ABYM KpuTepusiM. COrjlacHO IEpBOMY
KPUTEPUIO MCTOUHHUKH aHAIU3UPOBAIMCH HAa NMPEIMET TOro, Kakhue MMEHHO KO-
THUTHBHBIE MPOLIECCHI U ICUXUYECKUE COCTOSHUS M3ydaroTcs ¢ nomoiupto HKU
U KaKoe 9TO MOXET MMETh 3HaueHHE B OyAyIIeM IUIS MPAaKTUKHA 00pa3oBaHUS.
Bropoii xpuTtepuii — yka3bIBalOT JHM aBTOPHI HA OrpaHUYEHHs HeipouHTepdeii-
COB KaK TEXHOJIOTHMHM B LIEJIOM W OTHEJIbHO B OTHOUIEHWH HX HCIHOJIb30BaHUSA
B €CTECTBEHHOW 0oOpa3oBaTeibHOW cpene. Takoil aHalU3 TO3BOJNIMI HE TOJBKO
BBISIBUTH COBpeMeHHOe cocTosiHue npumenenuss HKU B obyuenun, HO u cdop-
MHUPOBATh TPEICTABIICHNE O JaJbHEHINIEM pa3BUTHH JaHHOIN TEXHOJOTHH B Ce-
pe obpa3zoBaHusl.

Pe3yJ’leaTbI HCCJICA0OBAHUA U UX oﬁcymelme

Onvim npumenenus HeUPOKOMNbIOMEPHBIX UHMEPPeTicoe 6 yuedHom
npouecce. Ha npuMeHeHHEe HEHPOKOMITBIOTEPHBIX HHTEP(EHCOB B Mpoliecce
00y4eHUs] BO3JAraroT OONbIIHE HAISKIBI, B YaCTHOCTH MPU OTCIC)KUBAHHU
KOTHHTUBHOM aKkTWBHOCTH oOydwaromuxcs [24]. Kak mpaBuiio, mpenojaBateib
BO BPEMsI 3aHATHA CaMOCTOATECIIBHO IPOBUAUT OLCHKY UX KOTHUTUBHBIX COCTOS-
HUH, peryaupysl CKOpOCTb NOJauu U COAepKaHue yueOHOro Marepuasia B COOT-
BETCTBUM C HAOIIOaeMOl aKTUBHOCTBIO Y4e€HHUKOB. I[Ipu 3TOM, Ha OCHOBaHUHU
TOJIBKO JIMIIIb CBOHX Ha6_HIO}IeHPIﬁ, BbICOKa BEPOATHOCTHb BBIHCCTHU OH_II/IGOIIHOG
CYXKIICHHE, a €CITH PeYb HIET O OONBIION TPYyIIe, TO U BOBCE HE 3aMETHTh CHU-
JKEHHE YPOBHS BHUMAaHHs Y HEKOTOPBIX ywamuxcsa. OpueHTanus ke Ha Oosee
0o0BeKTHBHBIE JTaHHBIE, monmydeHHble oT HKIM B pexume peaqbHOro BpeMEHH,
MMOMOXKET IMPETOIaBaTENI0 (MM CHCTEME, €CITH Pedb UACT 00 FIEKTPOHHOM 00Y-
YEHHUH) TPUHATH 0OOCHOBAHHOE PELICHHE O CMEHE aKTMBHOCTH WJIM CHUXKEHUH
Harpy3KH, 9TO, B CBOIO OYepeb, 0OECIEUNT aqanTHBHOE M IEPCOHATH3HPOBAH-
HOe oOyueHue [25].
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bonpimas yacts nccnenoBanuit nocesiena ponu HKW B monuToprnre BHH-
MaHUs U ero nojaepxaHuu. [IponXyKTUBHOCTh y4eOHOH NEATENbHOCTH CHUIIBHO
3aBUCHUT OT CTENEHM M JUIUTEIIbHOCTH KOHLIEHTPAllMM BHUMAaHHS y4alllerocs.
[To MHEHMIO MHOTHX TperojaBaTelied M HCCIENOBAaTelIel, B IIEJIOM YpPOBEHBb
BHUMAaHUS COBPEMEHHBIX MIKOJIBHUKOB U CTYJEHTOB CHIKaeTcs [26], uTto Tpe-
OyeT MOMCKa HOBBIX PELICHUH [l ero MoOMIM3anuy Ha 3aHATHsIX [27]. Helipo-
KOMITBIOTEpHBIE MHTEP(PEHCH HCIONB3YIOTCS B KadecTBE MEXaHH3Ma IOAadH
0o0paTHOU CBS3M (Ha OCHOBE PETHCTPAlMU aKTHBHOCTH TOJIOBHOTO MO3ra) o0y-
yaroleMycs (Jalle BCEro B BUE 3BYKOBOTO CUTHAJIA), KOTAa B MIPOLIECCE OCBOE-
HUS y4eOHOr0 MarepHalia KOHIICHTpalys ero BHHMaHHus ociiabeBaer [28, 29].
Hcnone3yst maHHYIO TOACKA3Ky, C ITOMOINBIO CAMOPETYJSIHNA yICHUK MOXKET
BOBpEMS U3MEHHUTh CIOCOO JAEATENbHOCTH (OTJOXHYTh HIIM MEPEKIFOUUTHCS Ha
IPYTYI0 aKTHBHOCTB), YTO B UTOTE IPUBENET K O0Jiee MPOAYKTUBHBIM PE3yIIbTa-
TaM B 00y4eHuu [30]. [Ipu 3TOM CHTHAII O CHIDKEHUH KOHIIEHTPAIIUM BHUMAaHUS
YUCHHKA MOXKET IOAAaBaThCsI HE TOJIBKO €My CAMOMY, HO U IIPENOJaBaTelIo s
KOHTPOJISL ¥ KOPPEeKIMH yueOHoro mporecca ¢ ero ctopons! [31]. ITogo6Horo
pona obpatHasi CBSI3b MOXKET OCHOBBIBATHCS HE TOJIBKO HAa OTCICKUBAHUU YPOB-
Hs BHUMAaHUs, HO Ha TIOSBJICHUM HETAaTHBHBIX WM MO3UTHUBHBIX AMOLUHI B MPO-
necce obyuenus [32, 33].

Wzyuenne ypoBHS KOHIICHTPAIlMA M YCTOWYMBOCTH BHUMAHUS C ITOMOIIBIO
HKW c nensio amantupoBats mojady MaTepHaia o KOTHUTHBHOIO aKTHUBHOCTD
00y4JaroIerocs: MpOUCXOAUT B pa3HOM KoHTekcTe. IIpexxae Bcero uccnenonare-
Ne WHTepecyeT NUHAMHUKAa YPOBHS BHHMAHHS B TIPOIECCE YTCHHUS: IEYaTHOM
KHIDKKH ¢ KapTUHKaMu [34]; ¢ 31eKTpoHHOTO HOcHTeNs [28]; YTeHHs B pa3HbIX
ycnoBusX [35]; yTeHUS KHUT, aKTUBH3UPYIOIIUX Pa3HbIC KaHATIbl BOCIIPUATHS —
BH3YQJIBHBIH C MOMOIIbIO OOBIYHOW KHWTH, BU3yaJbHBIH W TAKTHILHBIA MPH
YTEHUH KHUTH ¢ OOBEMHBIMH KapTUHKAMH, ayTHOBU3yaIbHBIA TIPH B3aUMOJCH-
CTBUH ¢ (OHOTPAPUUECKON 3aMUChI0 KHUTH, MYJIbTUCEHCOPHOE BOCTIPUSTHE MTPH
W3YYEHUU JJIEKTPOHHOW KHUTH [36]. Eme omHO HampaBieHHE HCCIEOBaHUI
MOCBSAIICHO MOHHUTOPHHTY BHUMAHUS YYEHHUKOB B CBSI3M C Pa3HBIM YPOBHEM
CJIOKHOCTH M CTHJIEM M3JIOKCHHUS y4eOHOTO Marepuaya: Ipu MpOCTyIIUBAHUN
KOPOTKHX IO BpeMeHHU (2—3,5 MHH), HO Pa3HBIX MO CIOXHOCTH Jiekmmid [37];
pu paboTe 3a KOMIIBIOTEPOM BO BPEMs BBITIOJIHEHUS 3aJJaHU JIETKOTO, Cpe/iHe-
T'O ¥ BBICOKOT'O YpOBHEH cioxHOCTH [38]; Mpu M3ydeHUH BUICOJEKIIUNA pa3HOTO
tuna [39]; npu BOCIPUATHH CTATUYECKOI0, JUHAMUYECKOIO ¥ CMEIIAHHOIO TH-
moB TekcTa [35]; mpu caMOCTOSATENILHOM IPOBEAEHUU SKCIIEPUMEHTOB B BeO-
nabopatopuu [40]; mpu WCMOJNB30BAHUKM PA3HOTO IBETOBOTO PEUICHUS MIJIS
ydeOHOrO TekcTa U ¢oHa [41]; BO BpeMs AMCKYCCHH M BBINOIHEHHS 3aJaHHH
B YCIIOBHSIX OIpaHUYEHHOro BpemeHnu [17].

B ocHOBHOM m3ydyeHHe BHUMaHUs oOydaromuxcs ¢ momomsio UMK oxaa-
ThIBaeT chepy OHNAH-00yUeHUs, U PEIKO KTO 00paIiaeTcss K CMEIIaHHOMY HIIH
TPaJUIMOHHOMY BUAY 00y4deHHs. DTO MOXKET OBITH CBSI3HO, C OJHOI CTOPOHEI,
C BO3MOXHOCTBIO 0O0Jiee YETKOr0 KOHTPOJISl MapaMeTpoB KOHTCHTA B OHJIANH-
oOyueHuH (pa3mep, IBET, BpeMsl MMoJayr y9eOHOro MaTepHalia u T.II.), ¢ KOTO-
pBIM paboTaeT yyalmics u peakiui Ha kotopeiid pukcupyer HKU. C npyroit
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CTOPOHBI, Pa3BUTHE JJIEKTPOHHBIX TEXHOIOTHI B OOYUYEHHH W OMOpa Ha HUX
B IIOCTPOEHUHU 00pa30BaTEIBHOTO Mpolecca B OyAyLIeM TUKTYIOT IPOBEJCHUE
MOJOOHBIX HCCIIENOBAaHUI HMEHHO B KOHTEKCTE Ieperadd ydeOHoH MHpopMma-
uu ¢ nomoinsro UKT.

HeiipoxommbroTepHble HHTEP(ENCH MO3BOJISIOT aHAIN3UPOBATh M YPOBEHb
BOBJICYEHHOCTU 00yJaoLIUXCsl B 3ydeHue marepuana [42, 43], utoOsl npu ero
CHIDKEHUM CHCTEMa WM IpenojaBaTelb BOBpPEMs MPEANPUHIIN AECHCTBUS,
HaIpaBJiCHHbIC Ha BO30OHOBJICHHE HMHTepeca. [lopTatuBHbIe TexHONOTHH DI
TaKXKe MPUMEHSIOTCS JUIsi MOHUTOPUHTA YMCTBEHHON HAarpy3Ku U BBISBICHUS
Y4eOHOr0 KOHTEHTA, MPH U3YyYeHUH KOTOPOTO OHA ObIIIa MaKCUMaJIbHOH [44, 45].
B Takom ciyudae mpemnogaBarenb MMEET BO3MOXHOCThH IE€PECTPYKTYPHUPOBATbH
MaTepHai, YTOObl CHU3UTh HArpy3Ky M MOMOYb yJallUMCs JIydile U ObICTpee
€ro yCBauBaTh.

[Nomumo wHpOPMAIHH O TUHAMIKE KOTHUTHBHBIX IIPOIIECCOB B PEXKHUME pe-
anbHOTO BpeMeHn, HKI cunThIBatoT 1 SMOIMOHAIFHOE OTHOILIEHHE 00y4Jarole-
rocsi K CHUTYyalluy WIN OIpeNiesIeHHOMY Bo3zaekcTeuio [46]. HecmoTps Ha crnox-
HOCTH, CBSI3aHHBIE C UCIIOJIb30BAaHUEM CIIELAIbHOM anmapaTypbl B €CTECTBEHHBIX
YCIOBUSIX, BHEIPEHUE MCUXO(PU3UOIOIMUECKUX METOJOB B pealbHbIN Mpolece
00y4eHUs] MO3BOJSIET HauboJiee TOYHO ONPEAETIUTH ICUXUYECKOE COCTOSHHE
obyyvaromuxcs [47]. Hampumep, MOHHTOPHHT YPOBHS CTpecca yJaliuxcs Ha 3aHs-
tiu ¢ nomomsio HKU nmoMoraer BBISIBUTH JEHCTBUS MPEMOAABATENS, & TAKXKE
HEKOTOpBIE YCIOBUS 00y4eHUs (HalmpuMmep, OrpaHUYICHUS] BO BPEMEHH), B KOTO-
pBIX Y IeTeil HaOmoiaeTes cTpeccoBas peakmus [48].

Ha HelipokoMIbIOTepHBIE UHTEP(EIHCH Tak)Ke BO3JIAratloTCs HAJCKIbl B 00-
JIACTH OIpEICTICHNsI CTENICHU MMOHMMAaHus u3ydaeMod nHdpopmarmu [49], duk-
calyy JUINTEIBHON T03HABATENIFHON aKTUBHOCTH (HAIPHMEp, TeHEPaluy UIei)
[50], omenku 3arpysku paboueit mamsitu (Working memory load) [51], xorau-
TUBHOM 3arpy:xennoctu (cognitive workload) [25], npunsTus pemenus [52],
BOCTIPUSITHS MTOJIb30BaTENIeM CBOMX OMHUOO0K [53].

OTtnenbHOE HalpaBJIeHHUE COCTABIISIOT UCCIEA0BaHMs, HAallpaBlieHHbIE HA UC-
nonp3oBanre HKW mns ymydmenus ycnoBuid oOydeHMs yYaIlMXcs C OTpaHU-
YCHHBIMH BO3MOXXHOCTAMH. AKIEHT 3[€Ch JIeJIacTCsl Ha yNPaBICHUE CHCTEMOM
HE KOMIIBIOTEPHOH MBIIIBIO, & C TIOMOIIBIO MO3TOBOM aKTUBHOCTH, YTO T103BOJIS-
€T BKJIIOYUTHCS B IPOLIECC OOYUEHHS ACTSIM, MMEIOIINM JeTeHEpaTHBHbIEC 3a00-
JIEBAHUsI, JBUTaTEIIbHbIE HApyLLIEHUs UM KOMMYHHUKATUBHBIE 3aTpyqHEHUS [54].
WuTennexTyanbHble CUCTEMBI pacno3HaBaHus sMoluil Ha ocHoBe HKU mpume-
HAIOTCS IIpU OOYYEHHH JIIO/ICH ¢ NMCUXWYECKIMHU HapyIICHUSIMH WIIH PaccTpoi-
cTBaMH HacTpoeHus [55]. B Takom ciydae mHpopmarmio o0 addeKTHBHBIX
COCTOSIHUSX, TEPEXKHBAEMBIX BO BpeMsl ypoKa, MOJIydaeT He caM yudaluiics,
a IpenojaBareslb. JTU JaHHbIE MO3BOJSIOT €My OPHEHTHPOBAThCS B TOM, UTO
IIPOUCXOAUT C YUEHUKOM BO BpPEMs 3aHATHS, U KOPPEKTUPOBATh CBOK PEAKIIMIO
nnm oOpaTHyIO cBs3b. bornee Toro, cOop m HaKOIUIEHHWE JaHHBIX O HETAaTHBHBIX
SMOLOHAIBHBIX COCTOSIHUSAX ¥ U3MEHEHUSX B HACTPOCHUU YUaIUXCS B PEKUME
PEaJIbHOrO BPEMEHHU IO3BOJISIET CIIELUATIUCTaM TaKXKe KOPPEKTUPOBaTh B JaJlb-
HEHIIeM Kypc Tepaluu U JIEYEHUs KaKI0r0 KOHKPETHOIO yUeHHKa.
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[IpuaMMas Bo BHUMaHHE aKTUBHBIM MHTEPEC 3apyOCKHBIX HCCIIEHOBATEICH
K BHEJPEHUIO HEHPOKOMIIBIOTEPHBIX MHTEpQeiicoB B 00pa3oBaTeNbHbIA MpPO-
LIECC, MOXKHO MPEIIOI0KHUTh, YTO JaHHOE HallpaBiieHHe OyleT ocTaBaThCs aK-
TyaJbHBIM U NIEPCIIEKTUBHBIM B Ommkaiimue aecsatuwietus. KomnaecTso e ote-
YeCTBEHHBIX Hccienoanuii npumenenuss HKM B oOpazoBanuu noka eie cpas-
HUTENbHO HeOoJbIIoe. DTO CBSI3aHO C TEM, YTO YPOBEHb Pa3BUTHs TEXHOJIOTUI
B Poccun HEBBICOK, MHOpPACTpyKTypa It (HOPMHPOBAHHS COOTBETCTBYIOIINX
HaIpaBJIeHUN MCCIeIOBaHUNA HaXOOUTCA B 3a4aTOYHOM COCTOSIHMM, 3 OCHOBHOM
¢dokyc Bce elie cMelieH B chepy MEAUIUHEBL U 3paBooxpanenus [56]. Tem He
MeHee BeAyllre yUeHbIe 00paIlaloT BHUMAaHUE HA TOT (akT, YTO MPUMEHEHHE
HKU moxer mpuHECTH HONB3y B Pa3iHMYHBIX O0JACTAX >KU3HEACATEIHHOCTH
YeJoBeKa, MPU 3TOM BaXKHO HE TOJBKO MPEOAOJETh IKOHOMUUYECKUE TPYIHO-
CTH, HO ¥ CHCTEMAaTHU3UPOBATh YKCIICPUMEHTAIHHO-TEOPETUIECKIE OCHOBAHUS
W TMpaKkTHYeCKue HapaOOTKW B 00JACTH TOCTPOCHUS HHTEPPEHCOB «MO3T—
KOMIIbIOTEP» [57].

[IpoBeneHHbI aHAN3 HAyYHBIX HCTOUYHUKOB IO3BOJISIET CIENaTh BBIBOJ
0 TOM, YTO Ha CETONHSIIHUHA IeHb CIOXIIOCH JBA OCHOBHBIX HAIIPaBJICHUS WC-
nonb3oBanust HKM B yuebHOM mporiecce:

1) BBISBIICHHE XapPAKTEPUCTHK aKTYaJbHOTO COCTOSIHHS 00YYarOImIErocst U Op-
TaHU3aIMs 0OPAaTHOM CBSI3H IS €r0 CBOEBPEMEHHON CAaMOKOPPEKINH (FUTH KOp-
PEKINH C TTOMOIIBIO MPETOaBaTeNs1) — MCUXO()HU3HOIOTUICSCKUH acTIeKT;

2) MOHUTOPHMHT KOTHUTHBHOM aKTHBHOCTH OOYYAIOIIErocs MPH BOCIPHATHN
U YCBOCHWH Y4eOHOTO MaTepHaja B pa3HOM KOHTEKCTE C IEIBI0 ONpENeICHHS
HanboJee ONTUMANBHBIX TAPaMETPOB U YCIOBHI €T0 MPEACTABICHHS B COOTBET-
CTBHUHM C BO3MOXXHOCTSIMH Ka)KIOTO KOHKPETHOTO YYE€HWKa — TelarorHyecKuid
aCTIeKT.

Takum 00pa3zoM, B MEPBOM CITydae aKkIEHT JEeNaeTCsl Ha M3MEHEHHE COCTOS-
HUS WIA aKTUBHOCTH OOYYaroIIerocsi, BO BTOPOM — Ha KOPPEKIUIO CaMOro
yueOHOTr0 MaTepuala 1 crocoda ero mojavH.

Ilepcnekmugvl u mpyoHocmu UCNHOIb306AHUA HEUPOKOMNBIOMEPHBIX
unmepdgheiicoe ¢ oopazoeanuu. OcHoBHbIe TpyaHOCTH NTpuMeHeHuss HKU B 06-
pa3oBaTENBHOM MpOIecce Ha JaHHBIH MOMEHT KacarTcs TEXHHYECKUX TpeOoBa-
HUH K CUCTEME U MPOLECCY B3aUMOJICHCTBHSI YEJIOBEKA C AJIEKTPOHHBIM yCTPOii-
CTBOM: ONTHUMAJILHOTO KOJIMYECTBA U PACTIONOKEHHUS JIEKTPOIOB, KATHOPOBKH,
B3aMMHOM aJanTalyy TOoJIb30BaTEIb—KOMIIBIOTEP, CKOPOCTH U KadyecTBa HU3Me-
peHus JaHHBIX, pa3padotku 10, HaIEKHOCTH «KOHTAKTa» C MO3TOM U T.A. [13,
15, 18, 58-60]. Taxke A0 CHX MMOp HEPEHICHHBIM BOIIPOCOM SIBIISICTCS KITACCH-
¢ukammsa maHHBIX, cuuThiBaeMblix HKW, — ycrpaHeHue HeompeneneHHOCTEH,
CBSI3aHHBIX C MPHPOAOH HEHPODHUZNOIOTHIECKUX KOPPEIATOB PA3IUYHBIX IICH-
XH4ecKux siBeHni. Hampumep, croma otHOcHTCs mpobiema auddepeHuanim
CUTHAJIOB rojioBHOTO Mo3ra (I'M), cBs3aHHBIX ¢ aQQEeKTHUBHOH peakiuei Ha
CTHMYJ, ¥ BO3HHUKAIOIIETO OZHOBPEMEHHO C HEil CIyXOBOTO WM 3PUTEIHHOTO
BHUMaHUS WM APYTrUX KOTHUTUBHBIX mpoueccoB [61]. IToatomy TpeOyroTcs
HanboJIee TOYHBIE METO/IBI TS KIIACCH(UKAIINH TICUXIMYECKIX COCTOSHUM, SMOIUI
W KOTHUTUBHOW aKTHBHOCTH Ha OCHOBE DI -maHHBIX [44, 62] ¢ HENBIO MOBBI-
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IIEHUSI TOYHOCTH WHTeprperanusi curaanoB J31, cBsI3aHHBIX ¢ XapaKTEPHBIMU
mapaMeTpaMu AJIEKTPUIECKOW aKTHMBHOCTH Mo3ra. PellleHrWe MaHHBIX MpoOieM
TpeOyeT ONpe/IeIeHHbIX BPEMEHHBIX U PECYPCHBIX 3aTpaT, a TaKXKe aKTUBHOTO
COTPYIHHYECTBA CIICIIHAIHNCTOB PAa3HOTO MPOQIIIS.

[ToMuMO BBIIIENEPEUNCTCHHBIX CIIEAYET BBIICIUTH TPYIHOCTH, Crenupud-
HBIC Ui OOy4YCHUS B €CTECTBEHHBIX YCIOBHUAX. [IOJBIDKHOCTH JETEH MOXKET
MPUBECTU K IIOXOMY KOHTaKTy DJIEKTPOIOB M, B CBOIO OYepeldb, K OMIMOKaM
B M3MEPEHUSIX CUTHAJIOB TOJIOBHOTO Mo3ra. KpoMme Toro, B €CTECTBEHHBIX yCIIO-
BHSX HA OOYYAIOIIErocs MEWCTBYET OMHOBPEMEHHO MHOXECTBO (PAKTOPOB, UTO
OCJIOKHSET 00pabOTKy HaHHBIX, MOMydeHHBIX ¢ momomsio HKU, a takke 3a-
TPYAHSET BO3MOXHOCTH CHENaTh BBIBOIBI, Ha KaKkoe HMEHHO BO3ICHCTBHE
Ha0mojanachk onpejaeeHHas peakius. Hanpumep, MOXXET BO3HUKATh JAUCKOM-
($OpPT OT HOWICHHUS CaMOTO AeBaiica, 00ECIICUNBAIOIIETO CINTHIBAHIE CHUTHAJIOB
I'M [24], gT0 Tarkxke sBisAeTcS (PaKTOPOM, KOTOPBIM HE OCTABUT 0€3 BHUMaHM
oOyuatormiicsa. CrenoBaTeNbHO, €r0 Ba)KHO YYUTHIBATH B UCCIEAOBAHUIX, KO-
TOpBIC OCHOBBIBAIOTCSI HA BBISABJICHUU HETaTUBHBIX 3Monmii ¢ momoinsio HKU,
TaK KaK HENPHUATHBIC IPOKUBAHUS MOTYT OBITH CBSI3aHBEI HE C YI€OHBIM KOHTCH-
TOM, a C CHUTyalluedl ATUTETHHOrO HOIIEHWs ammapatypbl. Takum o0Opas3oM,
HEOOXOMMO TPUHUMATH BO BHUMAHUE pa3lUuHbIC (PaKTOPBI, YTOOBI CICIATh
MPaBUIGHBIE BRIBOIBI O TOM, YTO IMEHHO ITOBIIHSIIO HA CMEHY HACTPOCHHSI.

YcTanocte U yTOMISIEMOCTh, KOTOPBIE BO3HHUKAIOT B CBSI3U C KOTHUTUBHOU
Harpy3Koil B mpoliecce 00y4eHHs, CHIDKAIOT BHUMAHUE YYaIlllUXCs, YTO OKa3bl-
BaeT BiusHHUE Ha amrmmutyny D21 curHanos [63]. BopoTscs ¢ aToii mpobiaemoit
PEKOMEHIyeTC s ITyTeM ONTHUMHU3AINN (PH3UIECKUX CBOMCTB cTuMyna [15], B man-
HOM CJiy4dac OITUMHU3AlUU MapaMCTPOB MPCAbABICHUA yqeGHoro Martepuaia —
OH JIOJDKEH OBITh HE CIHIIKOM CIIOXHBIM IJIsl BocHpusaThs. Ha Hamr B3rmsa, He
TOJIGKO y4eT (GopMbl mojaun HHGOpMaIuK OyAeT CIocOoOCTBOBATh CHHXKEHUIO
YpOBHS yTOoMJIeHHs. BO3MOXXHBI TakKe KOHTPOJb CIIOKHOCTH Marepuaia Jjis
yuanierocs (371ecb Kak HUKOTJ]a aKTyaJlbHa 30Ha OJNMKAMIIETO pa3BUTHUS), yUET
3¢ deKTa HOBH3HBI, a TAKKe TOA00P ONTHMATLHOTO BPEMEHH pabOTHI C 3aaHUCM.
To ecTh mist peuieHus: 3Toi MpPoOJIEeMbl B €CTECTBEHHBIX YCIOBHSIX OOyUYCHHS
CJICAYET YYUTBIBATH KOMIIJICKC q)aKTOpOB, C]'[OCO6HI)IX BbI3BATh YMCTBCHHOC
yromieHune. Tarke Ha kadecTBO DOI' CHTHAJIOB MOXKET MOBIHUATH HEOOXOIH-
MOCTb PACIPEIENIATh BHUMAaHHE MEXIy KOMaHIOH, KOTOPYIO IOJbh30BaTENb
MBICJICHHO WJIK C MOMOIIBIO ABMIKCHUSA TJia3 MOJAACT CUCTEME, U KOHTPOJIEM 3a
TeM, IPAaBUIIBHO JIM CUCTEMa €€ BhINoJHseT [1].

YrpasiieHre KypcOpOM MBIIIKH 9epe3 IBIDKCHHUS T71a3 MOXKET MOBBICUTH (-
(heKTUBHOCTH B3aUMOJICHCTBHUS YEJIOBEKa C KOMIbIOTEpOM [64, 65] U B HEKOTO-
PBIX CHTYaIWsX CHENATh €ro Jaxke OBICTpee, YeM IPH HCIOIb30BaHUN KOMITHIO-
TepHOW MBIIKH [66]. L1t uHTEpheiicoB, YIIPaBIsIeMbIX B30POM, BEIOOpP 00BEKTa
Ha JKpaHe ONpenernseTcs BpeMeHeM (DHKCALUH B3IVIAa Ha HEM (METOJ peru-
CTpalui BpeMeHH NpeObiBaHus). boiee nmpomomkuTeabHas, 4eM 00bIYHO, (HK-
canys B3TJIIa HA 3JIEMEHTE YBEJIMYMBACT JIUTEIGHOCTD BBIMOJHECHUS 3aJaHUS
U BBI3BIBACT TUCKOMQOPT y mosb3oBarens. CIIOKHOCTh TaKXKE 3aKITI0YaCTCs
B TOM, YTO TIPH PACCMATPHUBAHUK CTUMYJOB C W300MIHEM AETajei HEOOXOIHM
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pacyer ONTHMAaIbLHOTO BPEMEHH, YTOOBI YEIOBEK YCIIEN X KakK CIeAyeT H3y-
YUTh, @ CUCTEMAa HE MOocUuTala (PUKCALMIO B3MIIAJa KaK BHIOOP WM HaMepeHHe
(MOMEHT NpHHATHE pelieHust). TakuM 00pa3oM, MPH PEIICHUH CIIOXKHBIX y4eo-
HBIX 3a]1a4, €CIIM KOMIIbIOTEep OyJeT omrb0o9YHO aKTHBUPOBATh KaKOH-THOO0 dite-
MEHT (OCHOBBIBAsICh Ha TOM, YTO Ha HEM 3aJepiaJicsi B3TJIs, XOTS I10JIb30Ba-
TeJb MPOCTO €r0 PacCMaTPUBAET WU AyMaeT HaJl IPUHATHEM pELIeHus ), TO 3TO
HEM30€KHO TOBBICHT YPOBEHb CTpecca y OOYdYalomerocss W, COOTBETCTBEHHO,
MIOMEIIAET €My COCPEHOTOYMTHCS Ha 33aJaHWU M yCBOWTH Marepuai. [laHHyio
po0JieMy TMBITAIOTCA PEIIUTh C MOMOILBIO aJbTEPHATUBHBIX CIIOCOO0B (huKca-
MU 3pUTEIHHBIX KOMaHJ Ha OCHOBE BBIJIEICHUSA (DOKATBHBIX (UKcAIHi [67]
WJIM TP UCIIOJIB30BaHUHM THOPUIHBIX WHEeTpdeiicos [18, 68]. [Ipyras npobiema,
KOTOpasi CBA3aHa C YIPABJICHHUEM CUCTEMOM C MOMOIIBIO JABIKEHHUS TJia3, — T0-
HCK ONITUMAJIBHOTO pa3Mepa CTUMYIIOB U PACCTOSHUS MEX Iy HUMH [69].

Hecmotpst Ha Beigenennsie TpyaHocTd, HKU oTKpBIBarOT mOMOIHUTETHHBIE
BO3MOXKHOCTU B cepe oOpazoBanus. s craboBUAAIIMX U CIAOOCHBIIIAIINX
B Mpolecce 0O0y4eHHs BO3MOXKHO NPHUMEHEHHE BHUOPOTAKTHILHBIX HEHPOKOM-
MBIOTEPHBIX HHTepdericoB (touch-based brain computer interfaces) [70, 71] wu
OECKOHTAKTHBIX YJIbTPA3BYKOBBIX TaKTHJIBHBIX IHCIUICEB (airborne ultrasonic
tactile display) [72]. DddekT B mociaenHux HOCTUTAeTCsA 3a CYET CTUMYISIUH
KOXKHBIX PELENTOPOB C IMOMOIIBI0 (POKYCHPOBAHHOTO YIIBTpa3Byka. JlaBieHwue
U3IYYEHUS CO3/IaeT Ha IOBEPXHOCTH KOXKH TAKTIIIBHOE OIIYIIEHUE, YTO U SBIIS-
eTcsl CIocoOOM B3aMMOJICHCTBHUS YeIOBEKa M KOMITbIoTepa. [lepcreKTUBHBIMH
TaKXkKe SIBISIOTCS mcchenoBanus npuMeHennss HKU 1st moBbIeHHUs conpas-
HBIX HAaBBIKOB CTY/ICHTOB C PAacCTPOMCTBAMHU ayTUCTHYECKOTO crektpa [73],
pa3BuUTUSl camoperyisinuu BHUMaHus y ydammxcs ¢ CIABI [74, 75], oueHku
Tepanuu sl AeTe ¢ KOTHUTUBHBIMU HapyIICHUSIMHU [76].

Taxxke ogauM u3 HanpasieHuid npuMmenenuss HKU B o0ydeHHn MOXeT ObITh
MOHHUTOPUHT OCBEJIOMJICHHOCTH OOYYaroIIuxcs 00 OKpyKawlleil oOCcTaHOBKe
(cuTyarnmn), HarpUMep MPHU BHITOJHEHUH MPAKTHUYECKUX 3alaHui (KaK B peajb-
HOCTH, TaK M B BUPTyaJIbHOHU cpere). OCBeJOMIIEHHOCTh — 3TO OCO3HAHUE TOTO,
YTO TMPOUCXOJUT B JJAHHBIN TEKYIIUH MOMEHT, YTO U3 OKPYKaIoIIel 00CTaHOBKH
MMEET OTHOIIEHUE K perneBaHTHOM 3anade [77]. OcBeOMIEHHOCTh COCTOUT U3
TpeX ypoBHEH: 1 — BOCIIPUATHE 3JIEMEHTOB FJIM CUTHAIIOB; 2 — HHTETPAIHS TOTO,
YTO BOCHIPUHUMACTCA, U TOHUMAHHUC, YTO 3TO O3HAYA€T B KOHKPETHOM KOHTCK-
cTe; 3 — MOHUMaHHe / MPOTHO3UPOBAHUE HA OCHOBE TEKYIIMX 3HAHUN TOTO, YTO
MoxeT mpousoitd B Oymymiem [lbid.]. HeifipokommbiorepHbie uHTEphEHCHI,
CUUTHIBas HHPOPMAIHIO 00 OCBEJOMIICHHOCTH TIOJIE30BATENS O TEKYIIEH CHUTY-
army (ypoBHE BHHUMAaHUS, 3arpy3ke paboueil mamsTe), MOTYT 00eCHeduTh J10-
MOJTHUTENBHBIN KOHTPOJIb ¥ IOMOYh CHH3HTH BEPOSATHOCTH OMIMOKK. B HacTos-
LM MOMEHT HCCIEA0BaHUs, MMOCBAIICHHbIE MOHUTOPHUHTY OCBEIOMIIEHHOCTH
C TIOMOIIIBIO TIOPTATUBHOTO 00OPYAOBaHUs i 3anmucu DI -TaHHBIX, BEAYTCS
B OCHOBHOM B 00JIACTH MOJICIIMPOBAHUSI BOCHHBIX CHTYAIHi MM PaOOTHI aBha-
mucnierdepos [78, 79]. Ha Haiu B3mia, BO3MOXKHOCTh OTCIICKHBAHUS OCBEIOM-
JIEHHOCTH 00ydarommxcsi 00 y4eOHOH CHUTyallui MOXKET TaKKe UrpaTrh HEMalo-
BaXXHYIO POJIb B IIOBBIIICHUH YCIICITHOCTH O0YUCHHUS.
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3aki10ueHue

OpueHTHpyYSCh Ha 3a/1a4y, CTOAIIME Iepell COBPEMEHHBIM O00pa3oBaHHEM
(vHIUBUAyaTU3aus 00ydYeHHUsI, Pa3BUTHE Yy OOYYArOIIUXCSl CaMOOPTaHU3AIH
U CIIOCOOHOCTH K pediieKchH, HEeNpephIBHOE 00pa3oBaHUE U JP.), M HAa OCHOBE
MPOJICIaHHOTO aHAIN3a HAYYHBIX HCTOYHUKOB MOXKHO BBIACIHTH CIICIYIOIIHE
MEPCICKTUBHBIC HANPABICHUS MPUMEHEHUS HEHPOKOMIIBIOTEPHBIX HHTEpdeii-
COB B yu4eOHOM Iporiecce:

— B03MOXXHOCTE NTPOTHO3UPOBATH MPOAYKTUBHOCTh Y4EOHOW JIEsTENFHOCTH
00yJaoIMXCsl HA OCHOBE MONMyYeHHBIX ¢ moMontbio HKW manupx. OgeBnaHo,
9TO MPH YXYAIICHHH KOHIEHTPAIWH BHUMAHUS WIN TEPEKUBAHUHA YICHUKOM
HETaTUBHBIX SMOIMH pe3ysIbTaT 00y4eHUs CTAaHOBUTCS Xyxe. Ho B maHHOM ciry-
Yae pedb HICT HEe TOJNBKO O CHIOMHUHYTHOH OOpaTHOH CBSI3W IpH B3aHMO.EH-
CTBHUH Y4YaIIErocs ¢ KOHKPETHHIM KOHTEHTOM (CHIDKCHHE BHUMAHHUS — I10/1a4a
00 9TOM CHTHaja — TPHOCTAHOBKA Y4EeOHOW AEATENbHOCTH JUIS BOCCTaHOBIIE-
HUSL CHJI TTOC)e yToMileHus). HakomeHHble 1 poaHaaIu3upoBaHHbIE CHCTEMOM
JaHHBIE 00 aKTHBHOCTH T'OJIOBHOTO MO3Ta OOydaromierocs B pa3IMYHbIX y4eo-
HBIX CHUTYAIlMsX MOT'YT HCIOJB30BaThCS ISl BBISBICHUS HEHPOQH3HOIOTHYE-
CKMX MEXaHHM3MOB, JISKAIUX B OCHOBE Y4eOHOW AEATENHHOCTH, YTO MO3BOJIUT
TIPOTHO3UPOBATH €T0 AKaJAEMHUYECKYIO YCHEIIHOCTh B 1ieioM [80], a Takxke BBI-
SIBUTh TPYIHOCTH (Hampumep, clabyio CIIOCOOHOCTH UIMTEIBHO YACpKUBAThH
BHUMaHHE Ha O0BEKTE) U KOPPEKTHPOBATh METOABI OOYUCHHS C Y4ETOM HHJU-
BHIYaJIBHBIX OCOOCHHOCTEHH.

— OO0y4eHne CaMOKOHTPONIO (CO3HATEIHPHOMY MOHHTOPHHTY COOCTBEHHOM
JIESITETFHOCTH C IIEJIbI0 CBOEBPEMEHHOTO OOHApYKEHUs OUIMOOK) C MTOMOIIBIO
OMOJIOTMYECKOM WM HEHpOHHOW 00paTHOW cBs3H. [1omo0HOTO poaa 3aHATHS
CIIOCOOCTBYIOT KaK Pa3BUTHIO HABBIKOB CAMOPETYISIHU, TaK W PEICKCHH
B 1IEJIOM — O0y4aronuiics B AalbHEHIIIEM CMOXKET ObITh 0oJiee BHUMATEIbHBIM
K M3MEHEHHSM B CBOEM COCTOSHHHM W CaMOCTOSTENBHO OTCIEeKHMBATh UX 0Oe3
MOJICKa30K CHCTEMEI.

— BrisBnenne ocoOeHHOCTEH KOTHHUTHBHBIX M a(p(EeKTHBHBIX COCTOSHHIMA
yUaIuxcsl B peKUME peabHOTO0 BPEeMEHH NMpH 00yYICHUH OTACIBHBIM IIpenMme-
TaM (MarematHke, (pu3uke, HHPOpPMATHKE U 1p.). YUeOHasT NesTeNbHOCTh TPH
OCBOCHHUHM Pa3IMYHBIX 00JacTell 3HaHWI UMeeT CBoM ocobeHHocTH. Hampumep,
B 00paboTke 1udp U cI0B 33AeHCTBOBAHbI pa3HbIC HEHPOPHU3HOIOTHUECKHIE Me-
xaHu3MBI [81]. Berienstor Takke u Takod (PeHOMEH, KaK TPEBOTa IPH H3YUCHHU
MaTeMaTuku (math anxiety), KOTOpasi OTPHIIATENEHO KOPPEIHPYET C YCIEUTHO-
cTeio oOyuenns [82]. OmpenencHue crnenuduyeckux 3¢ (HEKTOB, BIUSIOIINX
Ha OCBOCHHE MaTepHana I KKIOro y4eOHOro MpeAMeTa, TaKKe IMO3BOIUT
YCOBEPIIEHCTBOBATH MPOILECC O0YUCHHS, ClIeNIaB ero He TONBKO 3()(EKTHBHBIM,
HO U TICUXOJIOTHYECKA KOM(OPTHBIM IS YUAIIUXCSI.

— Hcnonb3oBanne HKU B kauecTBe METO/MA OIEHKU BIMSHUSA 3JIEKTPOHHBIX
cpenctB o0ydeHus Ha mpouecc ycBoeHus uadopmanuu. Janueie 06 3¢ dexTus-
Hoctu nipuMeHeHust UKT B 0OyueHnr 10cTaTOYHO MPOTHBOPEUnBLL. PasHo0Opa-
3M€ CYyHICCTBYIOIIMX OLEHOYHBIX CPEACTB, C OTHON CTOPOHBI, TAaeT BO3MOX-
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HOCTh JIJIs BCECTOPOHHEW O1eHKH [83], a ¢ Apyroit — HOCUT MPEUMYIIIECTBEHHO
CyOBEeKTHBHBIN XapakTep (OMpOChl Y4YalIMXCs, pe3yJabTaThl HAONIOJSHHUH, DKC-
neptHas oneHka). ukcupoBaHue B peKUME pealbHOro BpeMeHH Helpodusuo-
JIOTUYECKHUX PpeakIuii oOydaronierocs Ha y4eOHBIH KOHTEHT, TMPEUIOKECHHBINA
B 3JIEKTPOHHOM Qopmare, CMOKeT obecnednTs Oosee 0O0BEKTUBU3UPOBAHHBIE
Pe3yIbTaThl 3KCIEPTHU3HL.

— M3Mmepenne MUHAMUKE HWHTCHCHBHOCTH IIO3HABATENHLHOW OEATEIBHOCTH
B YCIIOBHSIX Pa3iIMYHBIX y4eOHBIX 3a1ad. K TakuM ydeOHBIM 3agadyaM MOTYT OT-
HOCHUTBCS HE TOJBKO YTEHUE TEKCTa M MPOCMOTP BHUJIEO, HO U MHBIE BUIBI yueO-
HOU JEATETHPHOCTH: TBOPYECKAs WM HCCIENOBATEIbCKAs aKTHBHOCTH, BBIIOJ-
HEHHE TIPAKTHICCKUX 3aTaHIi U T.JI.

— N3yuenne 3¢ pekToB KOTHUTUBHOW HArPY3KH B PEKUME PeabHOI'O BpeMe-
HU Ha 3aHATUSAX W BBISBICHHE HAa HEHPO(U3NOIOTMIECKOM YPOBHE «IIOPOTay
MEePErpy3KH U TOCTYITHOTO 00beMa MHPOPMAIIMHU IS €€ YCIENIHOH 00paboTKH
C 1IENBI0 ONTUMH3AINK MOJa4d y4eOHOTO Marepuajia U IMOBBIIICHUS MPOIYyK-
TUBHOCTU O0YYECHHUS.

CorracHO TIPOTHO3Y pa3BUTHS HEHPOTEXHOJOTHH B OyIyIIeM, IpeaioKeH-
Homy C. Cinel u coasr. [23], yxe k 2040 r. 4e0BEK CMOKET TPUMEHSTH B IO~
BCEHEBHOM KM3HM MPUIIOKEHUS IJI1 MOHUTOPUHTA CBOETO TEKYIIETO COCTOS-
HUS, OONETYeHUs] KOHTPOIIS HAJ AEATEIHHOCTHIO, MOBBIIICHUS MPOIXYKTHBHOCTH
B TPUHITHN PEUICHUH W YIyYIIeHWs KOTHUTHBHEBIX crocoOHocTed. Bee atm
BO3MOYKHOCTH TaK)K€ MOTYT OBITh MCIIOJIb30BaHbI M MIPH PEIICHUH y4eOHBIX 3a-
nad. 11 XOoTs Ha NaHHBI MOMEHT TPEOYIOTCS JOMOJHHUTEIBHBIC MCCICIOBAHUS
ucnonbzoBannss HKU B pasnuaHbIX ycnoBuAx yueOHOH MEsITENbHOCTH, TAHHBIH
0030p MO3BOJISET CENATh BHIBOJ O TOM, YTO MPUMEHEHHE HEHPOKOMIBIOTEPHBIX
uHTEep(EricoB B 00pa30BaTEIFHOM MPOIECCE SIBISETCS ONHUM W3 HEPCIICKTHB-
HBIX HaNpaBJICHUH MOBBIMCHUS 3(PPEKTHUBHOCTH O0YyUCHUSI.
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2 Saint-Petersburg University, 7-9 Universitetskaya Emb., St Petersburg, 199034, Russian Federation
Abstract

The relevance of the brain-computer interfaces (BCI) implementation in the field of edu-
cation is conditioned by the realization of long-life and individualized learning concepts, as
well as the requirement of effective and affordable automated learning systems. The article
presents the analysis of studies on BCI usage in the educational process, in order to systema-
tize the evidence, identify emerging trends and determine the difficulties and prospects of
their applications in education.

Nowadays, two main directions of BCI application for the purpose of training quality im-
provement are revealed. In the first direction, the researchers’ attention is focused on psycho-
physiology, meaning the identification of student’s current state characteristics and its timely
correction with the teacher’s help (or self-correction). The second one emphasizes the peda-
gogical aspect of BCI usage, such as monitoring the student’s cognitive activity in the process
of course content perception to determine the most optimal parameters and conditions of its
presentation. In the first case, the change of a student’s state or activity is emphasized, in the
second one the changes relate to correction of learning content and its delivery.

Among the main difficulties of using BCI in education are the following: problems with
the equipment of modern BCI systems, the lack of clear classifications of neurophysiological
correlates of various mental phenomena, the difficulty of consideration and differentiation of
all the factors affecting a user during his interaction with BCI in natural environment.

The prospects of BCI usage in learning are proposed:

1. Prediction of learning activity productivity;

2. Development of students’ self-control in the educational process;

3. Real-time identification of cognitive and affective students’ states in learning certain
subjects (mathematics, physics, computer science, etc.);

4. Assessment of the impact of electronic learning tools on the process of information
acquisition;

5. Monitoring the dynamics of cognitive activity intensity in students while solving dif-
ferent learning tasks;

6. ldentification of the available amount of information for its successful processing at the
neurophysiological level to optimize the delivery of learning materials.

Keywords: brain-computer interfaces; the education quality improvement; e-learning;
learning activity.

References

1. Wolpaw, J.R., Birbaumer, N., Heetderks, W.J., McFarland, D.J., Peckham, P.H., Schalk,
G., Donchin, E., Quatrano, L.A., Robinson, CJ. & Vaughan, T.M. (2000) Brain—
Computer Interface Technology: A review of the First International Meeting. IEEE
Transactions on Rehabilitation Engineering. 8(2). pp.164-173.

2. Kiibler, A. & Miiller, K.R. (2007) An introduction to brain computer interfacing. In: Dorn-
hege, G., Millan, J. del R., Hinterberger, T., McFarland, D. & Miiller, K.R. (eds) Toward
Brain-Computer Interfacing. Cambridge, MA: MIT Press. pp. 1-25.

3. Wolpaw, J.R. & Wolpaw, E.V. (2012) Brain-computer interfaces: Principles and practice.
New York: Oxford University Press.

123



/I.C. I'nedvix

4. Zaharija, G., Bogunovic, P. & Mladenovic, S. (2018) Brain computer interface in enhanced
learning system. Proceedings of 12th International Technology, Education and Develop-
ment Conference. pp. 198-205.

5. Mak, J.N. & Wolpaw, J.R. (2009) Clinical applications of brain—computer interfaces:
Current state and future prospects. IEEE Review of Biomedical Engineering. 2.
pp. 187-199.

6. Zhang, J., Jadavji, Z., Zewdie, E. & Kirton, A. (2019) Evaluating If Children Can Use
Simple Brain Computer Interfaces. Frontiers in Human Neuroscience. 13(24). DOI:
10.3389/fnhum.2019.00024

7. Perepelkina, O., Vasiliev, A., Liburkina, S., Ganin, I. & Kaplan, A. (2015) [Assessing
Motor Imagery BCI Performance in Patients with Motor Disabilities: A Pilot Study].
In: Pechenkova, E.V. & Falikman, M.V. (eds) Kognitivnaya nauka v Moskve: novye issle-
dovaniya [Cognitive Science in Moscow: New Research]. Moscow: Buki Vedi. pp. 346—
351. (In Russian).

8. Kaplan, A. (2016) Neyrofiziologicheskie osnovaniya i prakticheskie realizatsii tekhnologii
mozg-mashinnykh interfeysov v nevrologicheskoy reabilitatsii [Neurophysiological foun-
dations and practical implementations of brain-machine interface technology in neurological
rehabilitation]. Fiziologiya cheloveka — Human Physiology. 42(1). pp. 118-127. DOI:
10.7868/S0131164616010100

9. Naros, G. & Gharabaghi, A. (2015) Reinforcement learning of self-regulated oscillations
for motor restoration in chronic stroke. Frontiers in Human Neuroscience. 9(391). DOI:
10.3389/fnhum.2015.00391

10. Kotov, S.V., Turbina, L.G., Bobrov, R.D., Frolov, A.A., Pavlova, O.G., Kurganskaya,
M.E. & Biryukova, E.V. (2015) The use of a complex “brain-computer interface and
exo-skeleton” and movement imagination technique for post-stroke rehabilitation.
Al'manakh klinicheskoy meditsiny — Almanac of Clinical Medicine. 39. pp. 15-21.
(In Russian). DOI: 10.18786/2072-0505-2015-39-15-21

11. Lyukmanov, R.Kh., Aziatskaya, G.A., Mokienko, O.A., Varako, N.A., Kovyazina, M.S.,
Suponeva, N.A., Chernikova, L.A., Frolov, A.A. & Piradov, M.A. (2018) Post-stroke
rehabilitation training with a brain-computer interface: a clinical and neuropsychological
study. Zhurnal nevrologii i psikhiatrii im. S.S. Korsakova — S.S. Korsakov Journal
of Neurology and Psychiatry. 118(8). pp. 43-51. (In Russian). DOI: 10.17116/
jnevro201811808143

12. Comaniciu, A. & Najafizadeh, L. (2018) Enabling communication for locked-in syndrome
patients using deep learning and an emoji-based brain computer interface. IEEE Biomedical
Circuits and Systems Conference (BioCAS) - Advanced Systems for Enhancing Human
Health. Cleveland, OH, October 17-19, 2018. pp. 41-44.

13. Van Erp, J., Lotte, F. & Tangermann, M. (2012) Brain-Computer Interfaces: Beyond
Medical Applications. Computer. 45(4). pp. 26-34. DOI: 10.1109/MC.2012.107

14. Abdulkader, S.N., Atia, A. & Mostafa, M.-S.M. (2015) Brain computer interfacing:
Applications and challenges. Egyptian Informatics Journal. 16. pp. 213-230. DOI:
10.1016/j.eij.2015.06.002

15. Gao, S., Wang, Y., Gao, X. & Hong, B. (2014) Visual and auditory brain—computer inter-
faces. IEEE Transactions on Biomedical Engineering. 61(5). pp. 1436-1447. DOI:
10.1109/TBME.2014.2300164

16. Wang, Y.T., Wang, Y. & Jung, T.P. (2011) A cell-phone-based braine-computer interface
for communication in daily life. Journal of Neural Engineering. 8(2). pp. 1-5. DOI:
10.1088/1741-2560/8/2/025018

17. Ungureanu, F. & Lupu, R.G. (2015) The assessment of learning emotional state using
EEG headsets. Proceedings of 11th International Scientific Conference on eLearning and
Software for Education. pp. 587-593.

18. Zander, T.O., Kothe, C., Jatzev, S. & Gaertner, M. (2010) Enhancing human-computer
interaction with input from active and passive brain-computer interfaces In: Tan, D. &

124



Tenoenyuu u nepcnekmugybl UCHOIb308AHUS HEUPOKOMNBIOMEPHBIX UHmMepPelicos

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Nijholt, A. (eds) Brain-Computer Interfaces. Human-Computer Interaction Series.
London: Springer. pp. 181-199. DOI: 10.1007/978-1-84996-272-8 11

Asteriadis, S., Tzouveli, P., Karpouzis, K. & Kollias, S. (2009) Estimation of behavioral
user state based on eye gaze and head pose—application in an e-learning environment.
Multimed Tools Application. 41. pp. 469-493. DOI: 10.1007/s11042-008-0240-1

Park, N., Zhu, W., Jung, Y., McLaughlin, M. & Jin, S. (2005) Utility of haptic data in
recognition of user state. Proceedings of HCI International. 11. [Online] Available from:
https://pdfs.semanticscholar.org/e0f0/c5cca081b810b2319811f296a5d811583a97.pdf
Bordovskaya, N.V. & Kostromina, S.N. (2013) Educational psychology in the modern
world. Vestnik Sankt-Peterburgskogo universiteta. Psikhologiya. Pedagogika — Vestnik of
Saint Petersburg University. Psychology. 16(2). pp. 67—78. (In Russian).

Lance, B.J., Kerick, S.E., Ries, A.J., Oie, K.S. & McDowell, K. (2012) Brain—Computer
interface technologies in the coming decades. Proceedings of the IEEE. Special Centennial
Issue. 100. pp. 1585-1599. DOI: 10.1109/JPROC.2012.2184830

Cinel, C., Valeriani, D. & Poli, R. (2019) Neurotechnologies for human cognitive aug-
mentation: Current state of the art and future prospects. Frontiers in Human Neuroscience.
13(13). DOI: 10.3389/fnhum.2019.00013

Xu, J. & Zhong, B. (2018) Review on portable EEG technology in educational research.
Computers in Human Behavior. 81. pp. 340-349. DOI: 10.1016/j.chb.2017.12.037

Zhou, Y., Xu, T., Cai, Y.P.., Wu, X.J. & Dong, B. (2017) Monitoring cognitive workload
in online videos learning through an EEG-based brain-computer interface. In: Zaphiris, P. &
loannou, A. (eds) Learning and Collaboration Technologies. Novel Learning Ecosystems.
LCT 2017. Lecture Notes in Computer Science. V. 10295. Springer, Cham. pp. 64-73.
Serrhini, M. & Dargham, A. (2017) Toward incorporating bio-signals in online education
case of assessing student attention with BCI. In: Rocha, A., Serrhini, M. & Felgueiras, C.
(eds) Europe and MENA Cooperation Advances in Information and Communication
Technologies. Advances in Intelligent Systems and Computing. V. 520. Springer, Cham.
pp. 135-146. DOI: 10.1007/978-3-319-46568-5_14

Aleksandrova, N.A. & Chernyaeva, T.N. (2019) Study attention of students in a situation
of information-a technological breakthrough in education. Sibirskiy pedagogicheskiy
zhurnal — Siberian Pedagogical Journal. 1. pp. 130-138. (In Russian). DOI:
10.15293/1813-4718.1901.16

Lin, C.S,, Lai, Y.C., Lin, J.C.,, Wu, P.Y. & Chang, H.C. (2014) A novel method for con-
centration evaluation of reading behaviors with electrical activity recorded on the scalp.
Computer Methods and Programs in Biomedicine. 114(2). pp. 164-171. DOI:
10.1016/j.cmpb.2014.02.005

Sun, J.C.Y. & Yeh, K.P.C. (2017) The effects of attention monitoring with EEG biofeed-
back on university students' attention and self-efficacy: The case of antiphishing instruc-
tional materials. Computers and  Education. 106. pp. 73-82. DOI:
10.1016/j.compedu.2016.12.003

Mokhtar, R., Sharif, N., Zin, N.AM. & lhsan, S.N. (2017) Assessing attention and
meditation levels in learning process using brain computer interface. Proceedings of
the International Conference on Computer, Communication, and Control Technology.
23(6). pp. 5569-5572. DOI: 10.1166/ASL.2017.7423

Chen, C.M. & Wang, J.Y. (2017) Effects of online synchronous instruction with an atten-
tion monitoring and alarm mechanism on sustained attention and learning performance.
Interactive Learning Environments. 25(7). DOI: 10.1080/10494820.2017.1341938

Lai, C.H., Liu, M.C., Liu, CJ. & Huang, Y.M. (2016) Using positive visual stimuli to
lighten the online learning experience through in class questioning. International Review
of Research in Open and Distributed Learning. 17(1). pp. 23-41.

Huang, Y.M., Liu, M.C,, Lai, C.H. & Liu, C.J. (2017) Using humorous images to lighten
the learning experience through questioning in class. British Journal of Educational
Technology. 48(3). pp. 878-896. DOI: 10.1111/bjet.12459

125



/I.C. I'nedvix

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Wei, C.C. & Ma, M.Y. (2017) Influences of visual attention and reading time on children
and adults. Reading and Writing Quarterly. 33(2). pp. 97-108. DOI:
10.1080/10573569.2015.1092100

Chen, C.M. & Lin, Y.J. (2016) Effects of different text display types on reading compre-
hension, sustained attention and cognitive load in mobile reading contexts. Interactive
Learning Environments. 24(3). pp. 553-571.

Ma, M.Y. & Wei, C.C. (2016) A comparative study of children's concentration perfor-
mance on picture books: Age, gender, and media forms. Interactive Learning Environ-
ments. 24(8). pp. 1922-1937. DOI: 10.1080/10494820.2015.1060505

Shadiev, R., Wu, T.T. & Huang, Y.M. (2017) Enhancing learning performance, attention,
and meditation using a speech-to-text recognition application: Evidence from multiple
data sources. Interactive Learning Environments. 25(2). pp. 249-261. DOI:
10.1080/10494820.2016.1276079

Wang, C.C. & Hsu, M.C. (2014) An exploratory study using inexpensive electroen-
cephalography (EEG) to understand flow experience in computer-based instruction.
Information and Management. 51(7). pp. 912-923.

Chen, C.M. & Wu, C.H. (2015) Effects of different video lecture types on sustained atten-
tion, emotion, cognitive load, and learning performance. Computers and Education. 80.
pp. 108-121. DOI: 10.1016/j.compedu.2014.08.015

Serrhini, M. (2015) BCI sensor as ITS for controlling student attention in online experi-
mentation. In: Restivo, M.T., Cardoso, A. & Lopes, A.M. (eds) Online experimentation:
emerging technologies and IOT. Barcelona (Spain): International Frequency Sensor Asso-
ciation (IFSA) Publishing, S. L. pp. 83-102.

Lucchiari, C. & Folgieri, R. (2016) The role of text color in learning: A Brain Computer
Interface study. International Journal of Psychology. 51. pp. 195-195. DOI:
10.9734/BJAST/2015/17821

Andujar, M. & Gilbert, J.E. (2013) Let's learn!: enhancing user's engagement levels
through passive brain-computer interfaces. Proceeding CHI '13 Extended Abstracts on
Human Factors in Computing Systems. pp. 703-708.

Ghergulescu, 1. & Muntean, C.H. (2016) ToTCompute: A novel EEG-based TimeOnTask
Threshold computation mechanism for engagement modelling and monitoring. Interna-
tional Journal of Artificial Intelligence in Education. 26(3). pp. 821-854.

Lin, F.-R. & Kao, Ch.-M. (2018) Mental effort detection using EEG data in E-learning
contexts. Computers and Education. 122. pp. 63-79. DOI: 10.1016/j.compedu.2018.03.020
Stankevich, L.A., Amanbaeva, S.S. & Samochadin, A.V. (2018) Otsenka urovnya
umstvennoy rabotosposobnosti uchashchikhsya na osnove analiza signalov EEG [Evalua-
tion of students’ mental performance level based on eeg signal analysis]. Nauchno-
tekhnicheskie vedomosti SPbGPU. Informatika. Telekommunikatsii. Upravlenie — Computing,
Telecommunications and Control. 11(4). pp. 151-161. DOI: 10.18721/JCSTCS.11411.
Verkijika, S.F. & De Wet, L. (2015) Using a brain-computer interface (BCI) in reducing
math anxiety: Evidence from South Africa. Computers and Education. 81. pp. 113-122.
DOI: 10.1016/j.compedu.2014.10.002

Kostromina, S.N., Prokofeva, V.V., Gnedykh, D.S. & Koroleva, M.E. (2015) Psikhofizio-
logicheskiy monitoring ekzamenatsionnogo stressa u shkol'nikov [Psychophysiological
monitoring of evaluation stress in school children]. Psikhologicheskie issledovaniya —
Psychological Studies. 8(43). p. 7. [Online] Available from: http://psystudy.ru (In Russian).
Moreno Cueva, L.A., Pefia Cortés, C.A., Maestre Delgado, M., Caicedo Villamizar, S.G.
& Pardo Garcia, A. (2017) Registro de neurosefiales con una interfaz cerebro-computador
para estimar el nivel estrés en un estudiante durante una clase. INGE CUC. 13(2). pp. 95—
101. DOI: 10.17981/ingecuc.13.2.2017.10

Sorudeykin, K.A. (2009) An educative brain-computer interface. IEEE East-West Design
and Test International Symposium. Moscow, September, 2009. [Online] Available from:
https://arxiv.org/ftp/arxiv/papers/1003/1003.2660.pdf

126



Tenoenyuu u nepcnekmugybl UCHOIb308AHUS HEUPOKOMNBIOMEPHBIX UHmMepPelicos

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Tan, D. & Nijholt, A. (2010) Brain-Computer Interfaces and Human-Computer Interaction.
In: Tan, D. & Nijholt, A. (eds) Brain-Computer Interfaces. Human-Computer Interaction
Series. London: Springer. pp. 3-18. DOI:https://doi.org/10.1007/978-1-84996-272-8_1
Grimes, D., Tan, D.S., Hudson, S.E., Shenoy, P. & Rao, R.P. (2008) Feasibility and
pragmatics of classifying working memory load with an electroencephalograph. Proceeding
of the Twenty-Sixth Annual SIGCHI Conference on Human Factors in Computing
Systems. Florence, Italy, 2008. ACM, New York. pp. 835-844.

Tzovara, A., Murray, M.M., Bourdaud, N., Chavarriaga, R., Millan, J.d.R. & De Lucia,
M. (2012) The timing of exploratory decision-making revealed by single-trial topographic
EEG analyses. Neuroimage. 60. pp. 1959-1969. DOI: 10.1016/j.neuroimage.2012.01.136
Ferrez, P.W. & del Millan, R. (2008) Error-related EEG potentials generated during simu-
lated brain-computer interaction. IEEE Trans Biomed Eng. 55(3). pp. 923-929.

Heidrich, R., Branco, M.A., Mossmann, J.B., Schuh, A. & Jensen, E. (2015) Development
of BCI based softwares to assist People with mobility limitations in the school inclusion
process. Proceedings of the 17th international ACM SIGACCESS Conference on Computers
& Accessibility. pp. 397-398.

Mehmood, R.M. & Lee, H.J. (2017) Towards building a computer aided education system
for special students using wearable sensor technologies. Sensors. 17(2). pp. 317. DOI:
10.3390/s17020317

Anon. (2016) Neyrointerfeysy dlya rechevoy kommunikatsii [The neural interfaces
for speech communication]. Globalnye tekhnologicheskie trendy Trendletter Meditsina
i zdravookhranenie — Global Technological Trends. Trendsetter. Medicine and Health. 2.
[Online] Available from: https://issek.hse.ru/trendletter/news/174161494.html

Kaplan, A.Ya., Kochetova, A.G., Shishkin, S.L., Basyul, I.A., Ganin, I.P., Vasilev, A.N.
& Liburkina, S.P. (2013) Experimental and theoretical foundations and practical imple-
mentation of technology brain-computer interface. Byulleten' sibirskoy meditsiny — Bulle-
tin of Siberian Medicine. 12(2). pp. 21-29. (In Russian). DOI: 10.20538/1682-0363-2013-
2-21-29

Wronkiewicz, M., Larson, E. & Lee, A.K.C. (2015) Leveraging anatomical information to
improve transfer learning in brain-computer interfaces. Journal of Neural Engineering.
12(4). DOI: 10.1088/1741-2560/12/4/046027.

Nakanishi, M., Wang, Y.J. & Jung, T.P. (2016) Session-to-session transfer in detecting
steady-state visual evoked potentials with individual training data. In: Schmorrow, D. &
Fidopiastis, C. (eds) Foundations of Augmented Cognition: Neuroergonomics and Opera-
tional Neuroscience. AC 2016. Lecture Notes in Computer Science. V. 9743. Springer,
Cham. DOI: 10.1007/978-3-319-39955-3_24

Volkova, K.V., Dagaev, N.l., Kiselev, A.S., Kasumov, V.R., Aleksandrov, M.V. &
Osadchiy, A.E. (2017) The brain-computer interface: the experience of building, using, and
possible ways to improve performance. Zhurnal vysshey nervnoy deyatel'nosti im. I.P. Pav-
lova — I.P. Pavlov Journal of Higher Nervous Activity. 67(4). pp. 504-520. (In Russian).
Miihl, C., Allison, B., Nijholt, A. & Chanel, G. (2014) A survey of affective brain com-
puter interfaces: principles, state-of-the-art, and challenges. Brain-Computer Interfaces.
1(2). pp. 66-84. DOI: 10.1080/2326263X.2014.912881

Kiryanov, D.A. & Kaplan, A.Y. (2016) Recognition of cognitive potentials to the target
stimuli in the brain-computer interface on the basis of the ensemble of classifiers. Nauka i
innovatsii v meditsine — Science & Innovations in Medicine. 3(3). pp. 28-32. (In Russian).
DOI: 10.35693/2500-1388-2016-0-3-28-32

Boksem, A.S., Meijman, T.F. & Lorist, M.M. (2005) Effects of mental fatigue on
attention: An ERP study. Cognitive Brain Research. 25(1). pp. 107-116. DOI:
10.1016/j.cogbrainres.2005.04.011

Engell-Nielsen, T., Glenstrup, A.J. & Hansen, J.P. (2003) Eye gaze interaction: A new
media—not just a fast mouse. In: Itoh, K., Komatsubara, A. & Kuwano, S. (eds) Hand-
book of Human Factors/Ergonomics. Tokyo: AsakuraPublishing. pp. 445-455.

127



/I.C. I'nedvix

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Nilsson, S., Gustafsson, T. & Carleberg, P. (2007) Hands free interaction with virtual
information in a real environment. Proceedings of COGAIN 2007. Leicester, UK. pp. 53-57.
Sibert, L.E. & Jacob, R.J.K. (2000) Evaluation of eye gaze interaction. Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems. New York: ACM Press.
pp. 281-288.

Velichkovsky, B.B., Rumyantsev, M.A. & Morozov, M.A. (2013) New approach to solu-
tion of Midas Touch Problem: Identifi cation of visual commands via extraction of focal
fixations. Vestnik Moskovskogo universiteta. Ser. 14. Psikhologiya — The Moscow University
Herald. Psychology. 3. pp. 33-45. (In Russian).

Vilimek, R. & Zander, T.0. (2009) BC(eye): Combining eye-gaze input with brain-
computer interaction. Proceedings of the HCII 2009. Heidelberg: Springer. pp. 593-602.
Pronina, A.S., Grigoryan, R.K. & Kaplan, A.Ya. (2018) Objective eye movements during
typing in P300 BCI: the effect of stimuli size and spacing. Vestnik Moskovskogo universi-
teta. Ser. 14. Psikhologiya — The Moscow University Herald. Psychology. 4. pp. 120-134.
(In Russian).

Van Erp, J.B.F. & Brouwer, A.-M. (2014) Touch-based Brain Computer Interfaces: State
of the art. IEEE Haptics Symposium (HAPTICS). February 23-26, 2014. pp. 397-401.
DOI: 10.1109/HAPTICS.2014.6775488

Lukoyanov, M.V., Gordleeva, S.Y., Pimashkin, A.S., Grigoriev, N.A., Savosenkov, A.V.,
Motaylo, A., Kazantsev, V.B. & Kaplan, A.Y. (2018) The Efficiency of the Brain-
Computer Interfaces Based on Motor Imagery with Tactile and Visual Feedback.
Fiziologiya cheloveka — Human Physiology. 44(3). pp. 53-61. (In Russian). DOI:
10.7868/S0131164618030062

Hamada, K., Mori, H., Shinoda, H. & Rutkowski, T.M. (2015) Airborne ultrasonic tactile
display BCI. In: Guger, C., Mueller-Putz, G. & Allison, B. (eds) Brain-Computer Inter-
face Research — A State-of-the-Art Summary 4. SpringerBriefs in Electrical and Computer
Engineering. Springer International Publishing. pp. 57-65.

White, S.W., Richey, J.A., Gracanin, D., Coffman, M., Elias, R., LaConte, S. & Ollen-
dick, T.H. (2016) Psychosocial and computer-assisted intervention for college students
with autism spectrum disorder: preliminary support for feasibility. Education and Training
in Autism and Developmental Disabilities. 51(3). pp. 307-317.

Lim, C.G., Lee, T.S., Guan, C.T., Fung, D.S., Zhao, Y., Teng, S.S.W., Zhang, HK. &
Krishnan, R.R. (2012) A brain-computer interface based attention training program for
treating attention deficit hyperactivity disorder. PLoS ONE. 7(10). p. 46692. DOI:
10.1371/journal.pone.0046692

Ali, A. & Puthusserypady, S. (2015) A 3D learning playground for potential attention
training in ADHD: A Brain Computer Interface approach. 37th Annual International Con-
ference of the IEEE Engineering in Medicine and Biology Society (EMBC). pp. 67—70.
Zammouri, A., Moussa, A.A. & Mebrouk, Y. (2018) Brain-computer interface for work-
load estimation: Assessment of mental efforts in learning processes. Expert Systems With
Applications. 112. pp. 138-147. DOI: 10.1016/j.eswa.2018.06.027

Endsley, M.R. (1995) Toward a theory of situation awareness in dynamic systems. Human
Factors. 37. pp. 32-64. DOI: 10.1518/001872095779049543

Berka, C., Levendowski, D.J., Davis, G., Whitmoyer, M., Hale, K. & Fuchs, S. (2006)
Objective measures of situational awareness using neurophysiology technology.
Augmented Cognition: Past, Present and Future. pp. 145-154.

Yeo, L.G., Sun, H., Liu, Y., Trapsilawati, F., Sourina, O., Chen, C.-H., Miiller-Wittig, W.
& Ang, W.T. (2017) Mobile EEG-based situation awareness recognition for air traffic
controllers. IEEE International Conference on Systems, Man, and Cybernetics (SMC)
(Banff, AB). pp. 3030-3035.

Kostromina, S.N., Mkrtychian, N.A., Kurmakaeva, D.M. & Gnedykh, D.S. (2017) The
interrelationship between cognitive control and academic success of first-year students:

128



Tenoenyuu u nepcnekmugybl UCHOIb308AHUS HEUPOKOMNBIOMEPHBIX UHmMepPelicos

An interdisciplinary study. Psychology in Russia: State of the Art. 10(4). pp. 60-75. DOI:
10.11621/pir.2017.0406

81. Carreiras, M., Monahan, P.J., Lizarazu, M., Dufabeitia, J.A. & Molinaro, N. (2015)
Numbers are not like words: Different pathways for literacy and numeracy. Neurolmage.
118. pp. 79-89. DOI: 10.1016/j.neuroimage.2015.06.021

82. Zakaria, E., Zain, N.M., Ahmad, N.A. & Erlina, A. (2012) Mathematics anxiety and
achievement among secondary school students. American Journal of Applied Sciences.
9(11). pp. 1828-1832.

83. Kostromina, S., Gnedykh, D. & Molodtsova, G.A. (2017) Psycho-Pedagogical Model for
Evaluating Effectiveness of Students’ Learning on the Basis of Electronic Visual Rows.
Chapter in Optimizing Human-Computer Interaction With Emerging Technologies. USA,
IGI Global. pp. 183-209. DOI: 10.4018/978-1-5225-2616-2.ch007

Received 14.09.2019; Revised 27.06.2020;
Accepted 30.11.2020

Daria S. Gnedykh — Associate Professor of the Department of Psychology of Education and

Pedagogy St. Petersburg State University. Cand. Sc. (Psychol.).
E-mail: d.gnedyh@spbu.ru

129


https://doi.org/10.4018/978-1-5225-2616-2.ch007

