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Iepiinyn

2V TopOoVGO SUTAMUOTIKY EPYOCIO OVOTTOCOETOL KO EAEYYETOL 1) EQPOPUOYY €VOG TEPAUATOS, TO
omolo péc amd TN YXPNON EMPOVEINKOD TMNAEKTPOEYKEPAAOYPOPNUOTOS MEAETA TN  YOPIKN
OVOTTOPAGTACT) KOL TOV YMOPIKO TPOGUVATOAGLO VIO TN GLVONKN TG TOPEUTOIIGNG TS OPUCTG.

Apyikd, petd v ewoaymyr, avoAveTal 10 BempnTikd vroPabpo ™G eykePOAIKNG Asttovpyiag,
mopatifevtol ol Oplopol TNG YWPIKNG OVOTAPAGTACTC KOl TOV YMPIKOD TPOGAVATOMGLOD, EVM ETIONG
eme€nyeitanr N nhextpoeykePoaroypapio amd T dNUovpyio TOL GNUOTOS HEXPL TV ENEEEPYATia TOV.

211 GUVEKELD, YIVETOL OVOPOPE GTO TEIPALATIKO TPMOTOKOALO KOl OVOADETOL O GKOTOS TOV TEPAUATOG
Kot 1 okppng Sadikacio Tov akoAovONONKE Yo TN AYN TOV OTOUTOVUEVOV ONUAT®V, TNV
emeEepyacia kot depunveia Tovg.

Téhog, mapovoidlovtal To amoTeAEcUATO Kol TO. GYETIKE cuumepaopato, pall pe v aviuapofoAn
TOVG e BAAEG TOPOUOLEG LEAETES TAV® GTO 1010 AVTIKEIHEVO.
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Abstract

In this diploma thesis, an experiment is developed and tested to study spatial representation and spatial
orientation under the condition of visual deprivation through the use of electroencephalography (EEG).

First, after the introduction, the related theoretical background is presented, including the brain
function, the definitions of spatial representation and spatial orientation, as well as the generation,
recording and processing of the EEG signal.

Afterwards, the experimental protocol and the purpose of the experiment are presented, followed by
the exact procedure implemented for signal acquisition, processing, and interpretation.

Finally, results and conclusions are presented, together with their potential association with other
similar studies.
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electroencephalography, spatial memory, spatial representation, spatial orientation, vision, visual
deprivation, obstruction of vision, signal processing, EEG rhythms
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3. Evpetiipro IIvdkmv
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oeMSobeikTng.
Mivakoag 2 HAektpoSla nAektpoeykedahoypddou OpenBCl ................ Ipalpa! Aev €xel oplotei oeAbodeiktng.
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4. Evoaymy

YKomdg TG EpYaciag eival vo HEAETNGEL TN SLPOPOTOINGCT) GTNV EYKEPAAIKT] dPOCTNPLOTNTO KATA TOV
TPOGUVUTOAGLO KO TNV EKTEAECT] EPYOCLDV GE £VOL «YVAOGTO» YHPO TOL KMOTKOTOMONKE e Kol Ywpic
a&lomoinomn onTiKaV epefioudTOV, KabmG Kol vo SoKPIVEL TIC SLOPOPES BTN AELTOVPYIN TOL EYKEPAALOV
KATA TN (AN TG Kmdtkomoinong pe kabévav amd tovg dvo mpoavapepéviec tpdmovs. ' Tov oKomd
ovTO, 0&lOTOLEITOL N TEXVIKN TOV EMLPOVEINKOD NAEKTPOEYKEPOUAOYPAPNLLOTOS, TOV Elval €vag TOAD
J1dEJOUEVOG TPOTOG TOPAKOAOVONONG KOl KATAYPOUPNG TNG NAEKTPIKNG dpacTnpldTnTag TOL AdPAvEL
YDPO GTO TPYMOTO TNG KEPAANG KO AVTUTPOGHOTEVEL LAKPOOTKOTIKA TNV EYKEPAAIKT OPACTNPLOTNTA.

H yopwn avoamopdotoon kot 0 YOPWKOS TPOSAVATOMOUOS €lval Poacikol pnyoviopol mov
YPNOLOTOOVVTOL amd Ttov AvBpomo oce kabnuepwvny Paon vy v oa@opoimon kot kaAVTEPN
expetdAAievon tov mepiPdAlovia y®pov Tov &ite Yoo oyedlacud Kivnong eite yu avalntnmon
aviikelpnévov. H pedétn té€toliov diepyasidv HECH GUYYPOVOV TEXVOAOYIKAOV daTAEEDV Kot HeBOdwv
emeepyaciag €el TNV TPOONTIKY VO SLOAEVKAVEL TO LVGTHPLO TOV EYKEPAAOV Kol va piel omg o€
Baoég Aettovpyieg Tov [1].
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5. Eykepalkn Apaoctnprotto — Oeopntiko Yropadpo

5.1. Agrrovpyikoc Awoympropnog Eykepdiov

O gyképalog eivon pio amd T1g Mo mepimhokeg Proloyikég douég mov yvmpilovpe. Kvpiog ta tedevtaio
xPOVIOL Yivovtal cuveyeic mpoomdbelec katavonong oe PdBog Twv SoU®V Kol TOV AETOVPYIDOV TOL,
®GTOGO TO AVOTAVTINTO EPMTAUATO GLVEXILOVLY VO VITEPTEPOVV EVOVTL TOV TANPWOS SIEPEVVILEVDV.

O eyxéparog eival o Pacikdtepo Opyovo tov Kevipikod Nevpikov Zvotiuatog (KNX), to omoio
Aappdver ko eneEepydleton mAnpopopieg amd T ocOnTipla Opyava Tov codpatog, puouiler TAnBog
COTIK®OV Kot U AELTOVPYLOV TOV Kol EAEYYEL AVMTEPES VONTIKEC diepyaoisg [1].

O avBpdmvog eyképaiog Ppioketor eviog Tov kpaviov, mePPAALeTon omd TPEIC TPOCTATELTIKOVG
VUEVEC, TIC WAVLYYEC, KOl QMOTEAEITOL OO TOV «TeMKO» gyképoro (cerebrum), tnv mapeykepaAioa
(cerebellum) ka1 to eykepoikd otéleyog (brainstem).

cerebrum

cerebellum

brainstem

Eixova 1 Aidypouua tov avBpamivoo eykepdlov, mov deiyvel v wapeykepaldioa (cerebellum), zo eykepaldixo
otéleyog (brainstem) kai tov <teliké> eyrképalo (cerebrum)

O gykepaikog erowdg (cerebral cortex) kotéxer to peyaAddtepo pEPOG TOL €YKEQAAOV. AdY® TOV
YOPOUKTNPIOTIKOV YKPL YPDOUOTOS TOV £XEL TO EEMTEPIKO TMV OATNPNUEVOV EYKEPAA®V, OVOLALETOL KO
eod ovcio. H emedvelo Tov yKEPOAIKOD PAOLOV £XEL OYKMUOTH KOl GYIGUES, YVOOTE MG EAMKES Kot
avAaKeg avtiotorya, e amoTéLEGHO Tepimov ta 2/3 Tov eAoL va Ppiokovtar kpvppéva [2]. H
yopotatio Twv EMKOV Kot TV dAAK®V gival Topepeepns, GTOCO UTopel va dtapoponoteitat LETAED
TOV avOpOTOV.

Katd punkog tov €yke@dlov vmapyet n HeYoADTeP oyloun tov, 1 emunikng oyxwopn (longitudinal
fissure), n omoia Tov ywpilel og 6VO TUALOTO TA YVOOTA Ko ™G oeaipia. Ta nuiogaipto evovovtal
uéow tov pecorofiov (corpus callosum), piog mokvig déoung vevpaEOVmV TOL EMTPEMEL THV
aVTOALQYT] TANPOPOPLOV HETAED TV 000 TAELP®VY. O1 dV0 TAELPEG OV EIVOL QTTOPAITNTA CLUUETPIKES
KO 1] OTOAELD GUUUETPLOG TOVG deV elvar LOVO SOUIKT OAAG YEVIKEDETOL KOl GTN) AEITOLPYIR TOVG, LE TO
KaBéva va  mephapuPdvel KEVIPO OLOQPOPETIKOV OEEOTATOV KOl  OVIIANTATIKOV  JUVATOTHTMV.
Agrrovpyleg Loyikng 6nmg sival 1 YAdcsaoa, 1 ypoen, 1 avédivon kai 1 opia Bpickovtal 6To aplotepd
NUoEaipto Kuplwe, evd oto de&l aviKeL 1 avTiAnyn Tov YOPOL Kol TOL YPOGVOL, 1 OKOVGTIKY| KOt
OTTIKT EMLYVOON, Ta aloH AT, 1| POVTOGIo Kol YEVIKG o1 dnpovpykég avotntes. Kdbe nucoeaipto
eA&yyel ™V avtifetn o aVTO TAEVPA TOV CAOUATOG, YO TOPASELYLO TO aPLoTEPO NUICEAIpPLO dEYETAL
epebioparta amd 1 0e€1d TAEVPA TOV COUATOG KO AVTIGTPOPAL.

O @Ao10g dapeital o€ SPOPETIKEG TEPLOYES XAPN OTOVG EMKEG Kol OTIS avAAKES Pacel lte TV
SOUIKADV EITE TOV AETTOVPYIK®OV YOPOKTNPIOTIKAOV TOVS, OLMG TO, OPLOL CVTA OV E1val TAVTO COPN KO 1)
eMKAALYN avTtdV elvor mhovr.
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O K0p1og dY®PIoUOG TOL OTNPILETOL GE AVATOUIKA YOPOKTNPIOTIKG ival 1 KOTATOEN O TEGGEPQ
Cevyn AoPav [3], tov omoiwv to péyeboc kot 1 ovopacio oyetiloviol GUECH UE TO, 0GTE TOVL KPAviov
oL PpioKovTal amd TAV® TOLG.

e O petomoiog AoPoc (frontal lobe) Bpioketar kdtow omd 10 petomaio 06td, dNAAdH oTO
UTPOGTIVO HEPOC TOV €YKEPAAOL. Zyetileton pe tn Avon mpofAnudtov, v kivnon, Kabmg o
KWWNTIKOG PAO10G PBpiloketal ekel, TNV EKQPACTIKN YADGGH KOl EUTAEKETOL YEVIKO GE VONTIKES
Aertovpyieg mov Bewpohvtal avdTEPEC.

e O Ppeynotikdc AoPog (parietal lobe) Ppicketon kdt®w omd 0 Ppeypatikd 06T6 6T0 UEGO TOV
eyKeAaAov. Zyetileton pe amTiKEG aloOnTNPlokés TANPOQopieg OTME 1 TeoN, N AP Kol O
movog Kot givorl eniong £0pa Tov copATocONTIKOL PAOLOD (Somatosensory COrtex), o omoiog
elval onuavTiKog ywo T Asttovpyia TV acONGEwV.

e O kpotaikog AoPog (temporal lobe) Bpicketat kKGT® and TO KPOTAPIKO 06TO GTA TAAIVE HEPN
TOL €YKEPAAOV. LyeTileTON LE TN OKON KOL TV AVOyVOPLoT TOV MYV apov gkel Ppioketar o
TPOTEH®V OKOLVGTIKOS PA0L0G. Emiong meptlapfdavel tov immokouno, o onoiog cuoyetileTon pe
™ dNUovpYia VEOV OVOUVACE®Y Kol TNV ekpddnon véwv mpaypdtov. I'a avtév 1o Adyo o
KPOTOQKOG AoPAC £xel 6TEVN GXEOT LE TNV 0KON KOL TH LVIU.

e O wukdc AoPog (occipital lobe) Ppioketar kdtw and 10 WaKd 06TO 610 TWO® PEPOS TOL
gyke@aiov. Zyetiletar pe v epunveio TV ONTIKOV PEBIGUATOV KOl TANPOPOPLOV, KAO®DG
eKel €OPEVEL 0 TPMTEVMV ONTIKOG PAo1OG (primary visual cortex).

Bg 2
N

Eixova 2 Arcixovian twv kdpiwv Aofov tov ovBpmmivov eykepdion

Ooov apopd T AEITOVPYIKOTNTO TOL EYKEPAAOD, VTTAPYOVY dVO KATNYOPIEG AEITOVPYIKMV TEPLOYDV: OL
atsOnnplakég (Sensory) Kot ot Kivntikég (motor).

IMa k60 pio and 11 wévie Paocikég acOnoels, Opacn, aKorn, YeOoT, aPn Kol OGPPNOT|, VILEPYEL £VOG
npotevov (primary cortex) kot évac cvvelpuikdg (association cortex) awsbnmplaxdc eroidoe. O
TPOTEV®V TPOGPEPEL TNV EMYVMOOT NG 1010¢ TNG aiocnong, Evd 0 GUVEIPIKOS 0odidel VO 6TV
aiocOnon kot ) cvoyetilet pe dAleg TANpoOpieC.

Ytov éleyy0 TV €KOVOLOV KIVAGE®V, KUPIOG TOV AEMTOV KIWWNGEDV TOV XEPUDV, EUTAEKOVTOL OL
KIWWNTIKEG TEPLOYEG, OL OTOiEG TEPLOUPAVOVY TOV TP®TEVOVTA KIvnTikd GAo1d (primary motor cortex),
TOV TPO-KIVNTIKO GAOLO (premotor cortex), to petomiaio medio Twv patiov (frontal eye field), kot v
neployn Broca (Broca’s area) [4]. Ot kivntikég meployég ekteivoviol and 1o Eva avTi g 10 GALO Gav
akovoTikd. Ot 6e€16¢ mePLOYEG EAEYYOVY TNV OPLOTEPT TAEVPE TOV GMUOTOG Kot avtioTpoga, [5].

O yaptng Brodmann (Brodmann map) civar évag okouo yvootog doympiopdc ToV £YKEQOAKOD
@A0100, 0 omoiog mepléyel peyarvtepn oakpifeta. O yapTNS AVTOG ONUOGIEVTNKE Y10 TPMTN POPA TO
1909 omd tov I'eppovd avatouo Korbinian Brodmann kot PBoaciletor oty KOTTOPOOPYITEKTOVIKY,
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ONAON TNV 10TOAOYIKN dOUN KOl 0pyavmon Tov kKuttdpov. Ot meployéc duympilovior pe Paon v
LOTOAOYIKT] OHOLOYEVELD TOVC Kol evdvovtol oe (dveg (regions) otav éxovv mopduoto ovvbeorn. O
XAPTNG dlokpivel Tov eykéParo o€ 43 meployésg (apBunuéveg pe apBpovg petald 1 kot 52, pe tovg
apOpovg opmg 12-16 kot 48-51 vo amovoidlovv) kot 11 Coveg [6]. H oprobétmon tov dev givan
amdALTN Kot ToL Op1d ToL deV £YovV TANPN caPnVeLn, KaOhg KAOe yKEPALOC TOPOVGIALEL O1UPOPETIKES
TOTOYPUPIKES OOUEC GE GYEOT UE TO LOVTELOD OvVapOpag Tov ypnoiporomnke amd tov Brodmann.

Executive Functions
Memory

I Attention

Visual
Motor Sound
Emotional Regulation Somatosensory

Il Offactory Not well understood

Eixova 3 XdptHe tomv mepioymy 1ov eykepalov abupmva. ue tov xdptyn too Brodmann

5.2. Xopwn Avanapdotoocn & Xmpikiog [Ipocavatoionog

O punyaviopog pe Tov omoio ot AvOp®TOL GLYKPATOLY Y10 GUVTOLO YPOVIKO OACTNUO TANPOPOPIES LE
okomo va T1g eneepyaotodv ovoupdleton Epyalouevn Mvaun (Working Memory). H epyalouevn
UvAUnN amoteAeiton omd €va KeVIPKO oTEAEYOG Kol OVO0 amoONKEVTIKA VTOGLGTHUATO, TOV AEKTIKO
Bpdyyo (verbal loop) kot o omtiko-ympikd pmhok (Visuo-spatial sketchpad), 6mov kpateitor evepyodg
TEPLOPLGUEVOG OPLOOG AEKTIKAV KOl OTTTIKO-YMPIKAOV TANPOPOPLdV, avtictorya [7].

Central Phonological
executive loop

Visuospatial
sketchpad

Ewova 4 Arsikovion e Epyolouevnc Mviung
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[Ma ™ dwtpnon TANpoPopPI®Y GTNV EPYALOUEVT] VTN Y10 TOPOATETAUEVO YPOVIKO d1doTne oaiveTal
va maiCovv poro kat To 300 nuoeaipla, oumc to de€l paivetar va givonr o eEgtdikevuévo [7]. Ot
TMEPLOYES TTOL EVEPYOTOLOVVTAL KATA TN AELTOVPYio TNG Y®OPIKNG £pYalOUeEVNG LWAUNG EIval O TPOTEVWV
evdoppvikoc erowdc (entorhinal cortex - ECY, meproyéc Brodmann 28 kat 34), o omio0oomAnvoetdhc
elotdc (retrosplenial cortex, meployég Brodmann 29 kai 30), o d€€G paylomAevpikog TPOUETOTLOLOG
@Ao10¢ (dorsolateral prefrontal cortex — DLPFC, mAdyio tunquo tg mepoyng 9 ko meployn 46
Brodmann), o de€16¢ omicOiog Bpeyuatikog eroidg (posterior parietal cortex - PPC) kot o mtndkapumog
[8]. Meléteg éxouv deifel ™ oNUOVTIKOTNTO TOV IMAOKOUTOV OTN OlTHPNOT TOV YOPIKOV
TANPOQOPLOV VIO HEYAAD YPOVIKO O1AGTNUA, EVAD YO0 HIKPY YPOVIKY TEPIOd0 Qaivetal va €yovv
10waitepn onuacio o 8E10¢ paylomlevpikog Hetmmaiog kot 0 de£10¢ omicbiog Ppeypotikdc pAoog [9].

INa va pmopéoovv va a&lomombovv o1 yopikég TAnpogopiec g epyalOUeVNg LVIUNG, OU®G, Kot Vo
umopet o avOpwmog va mpocapudletor oe véa mepiPdAlovta Kot va mnyaivel and Evo onueio oe éva
aAlo yperdletar v wavotnta tov Xwpikov Ilpocavatolopov (Spatial Orientation). O ywpikog
TPOGAVATOAICUOG €fvorl 1) 1kavOTNTO S1OTPNONG TOV TPOGOUVOTOAMGHLOD KOl TNG GTAGNS TOV GMOUATOG
oe oyéon pe 1o mePPAAAov oe katdotaon npepiog kot kivnong [10]. T va emtevydel awto,
amotteitan o SLUVOUIKN EVLEP®GT TNG OVOTAPAGTACNS TOV GYECEMV UETAED TOV CAOUATOS KOl TOV
nepipdArovios. H  evmuépoon ovt), efoptdror  amd TNV KEVIPIKY]  EVOOUATOOT  TOV
TOALOIGONTNPKOV  TANPOPOPLDV NG TPEYOLGOS OTIYUNG OAAL Kot omd TN GUYKPIoH TOV
Ao PLOKOV CNUATOV HE TIG TPOYPAUUATIGUEVES OO TPV TPOYLES, TO GYNLLOL TOV COUOTOS KOt TIG
TPONYOVUEVEG aVOUVIGELS. Tpelg KOpieg aioOnplakés néBodotl eumAékovtal G€ QLTHV TN JOIKAGIa,
n 6poon, 10 abovcaio cvotnua (vestibular system - cvotnue 1oppomiog) Kot 1 1WG106EKTIKOTNTO
(proprioception, yvoot kat og kivoroneoia - Kinesthesia) [11].

[Two cvykekpréva, 10100eKTIKOTNTO. OVOLALETOL 1) TKAVOTNTO TOV GMOUATOS Vo acBavOel v kivnon,
dpdion kat v tomobecia. Atvel T dvvatdTTa OTA ATORA VO KIVOOVTOL YMPIG VO GKEPTOVTOL AKPPDS
TIG EMOUEVES KIVIOELS TOVG GLUVEONTE, OTMG Y10 TOPAOELYLO TO TEPTATNLLO (TO ATOUO OEV GKEPTETOL
ocvveldntd mov Ba tomobetnoel to MO TOL oTN cuvéyew). H 1d10dekTikdOTTOL €lvon omotédeso
aoON N PLOKOV VTTOJ0YEMV OV £0pAlovTal KUPImG 6TOVG HOES, TIS APOBPADGELS KOl TOVG TEVOVTEG TOV
OOUOTOC, TOL OTAV KIVOUVTOL GTEAVOLV AETTOUEPT) UNVOLOTO GTOV EYKEPAAO CYETIKA Le TN 0€om Kot
v evépyeld toug. O gyképarog, otn cvvéyeln, enelepydletol avTd To UNVOLOTO Kol GE GLVEPYUGTO
pe v Opaoct Kot to aovcaio cvotnua dnpovpyel v avtiAnym yo ) B€om Kot v kivnon tov
ocouatog [12].

H e&edwcevpévn meployn tov £yke@AAOL Yo TNV TAOTYNOT G€ YWPIKO TEPPAALOV givan 0 TndKAUTOG.
O wnéxaumog Ponbder to dtopo va mpoodiopicovv TOo TOL Ppiokoviol, TOG £PTACAV GTO
OLYKEKPIUEVO onueio kot mmg va TAonynfodv otov emduevo Tpoopiopd tovg. H ypron wkavottov
TPOGUVATOAGHOV KOl TAONYNONG UTOPOVV VO TPOKAAEGOLV TNV AVATTLEN TOV MAOKAUTOV KOl TOV
eYKeQPAAOL oynpatifovtag mteptocdTepeg veLpLKéG 0600¢ [13].

Eixova 5 Ancikovion tov iTnoKoumro

! https://en.wikipedia.org/wiki/Entorhinal_cortex
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Tn ddikacio Tov ywp1kod TPOGAVATOAGHOL Bonbovv onuavtikd to opoonua. g opdono opileTon
éva akivnto aviikeipevo oe €vo mepidArov, to omoio Ady®m TG otabepdtnTdc TOL UTOPEl Vo
ypnouonomn el cav Evoeién i onueio avagopds. To 1981 o Evans kat ot cuvepydrteg tov [14] édei&av
ot O6tav glodyetol o€ éva véo mepiPdAiov, £va dtopo pabaivel Eva 6OVOAO amd opocUo LECH GTIC
TPAOTEG 000 EPOOUAOES O1OLOVIG TOV Kol 0 0plBUOC avTOg 0V avEaveTal Katd Tn S1dpKeLn eVOG £TOVG.
Emiong ot amopdocelg oyetikd pe TOV TPOGUVOTOAGUO YivOvTol 7o ypnyopo OTav ot dvOpmmol
eoavtalovtal Tov €0VTO TOVG 6€ oNueio avaEOopdc, Kol 1 amdstacn ond £vo ovdETEPO OoNpEl0 g Eva
onueio avapopac KpIivetal o ypryopa omd 4t | andoTtoon o€ un onueio avapopac [14].

YOVETMG, YloL TNV EMTELEN TOL YWPIKOV TPOGOUVOTOAMGHOD YPEIALETAL ) IKAVOTNTA TNG ENMTYVOONG KOl
AVTIANYNMG TOV YOPIKOV GXEGEMV €0VTOV-TEPIPAALOVTOG OAAG Kot TOV 1010V Tov govtov. H wavotnta
avt ovoudletar Xopwn AvtiAnyn (Spatial Perception). H yopikn evoicOntonoinon amoteieitot omd
mv e€wdektikn (exteroceptives) dwadikooio, mwOV SNUIOVPYEL AVOTAPACTAGEIS YIOL TOV YDPO HECH
atcnoewv Kot v £voodekTikn (interoceptive), mov dnpovpyel avamapacTAGELS Y10 TO GOUN OTMG M
0éom kot 0 TpocsovaToAlouog [15].

Emniéov, otn yopum avtiinyn Kot pvniun KEVIPIKN onpacio (el n €vvolo ToL TAGIon avapopag.
[T avaivtikd, éva miaicto avagopdg kabopilet ti eidovg ympikn tomobesio eKmpocmTEiTAL KOl TAG
kaBopilovion o1 Béoelg oe pia yopkn avamapdotocn. Ot dvBpwmor Ko kdmoo {da YpMNGLOTOOVV
peydro minfog and TAaiclo, ®GTOCO To TEAELTOLN YPOVIO TGTEVETOL OTL YPTGLOTOLOVVTAL KVPIWG dVO
Baoikég katnyopieg: 10 eymkevTpikod (egocentric) kat to aliokevrpiko (allocentric) [16].

Apywd, n emnelepyacioa T@vV oo MPlaK®V 16000V TAPAYEL OVOTOPAUCTAGEL; GTOVS TPMTOYEVELG
a1 TpLaKovg EAO0HE OV gival GLYKEKPIUEVES Yio KGO aicOnom, omwg petvotomikég (retinotopic)
oTNV 0paoT Kol COUATOTOTIKEG (Somatotopic) oty aen (oTv oKon o TPOTOYEVHS aenTnPLlaKog
eLo10g £xel Tovotomikn (tonotopic) un yopwn avarapdotaon). H evoopdtoon ontikdv, akoveTIKOY
KOl GOUATOONGONTNPLOKAOV TANPOQOpLOV pe onpota (m.y. 0éon patudv) mov oyetilovratl pe tn B€om
TOL CAOUOTOS KOl TV LUEPDV TOV CAOUOTOS GTOV YDPO GLVIEAEL GTIC OVO OVTEG BepeldONG KaTnyopieg
OVOTOPACTACEMY AVTIKEWEVOV OAAL KOl TOV CAOUATOS GTO YMPO. LT EYOKEVIPIKA TAaicta, 1 0éon
TOV OVTIKEWWEVOV KOOKOTOlEITol e ava@opd OAOKANPO TO cOUA 1| UEPN aVLTOL (T.Y. TO XEPL),
ONUIOVPYDVTOS OVOTALPOUCTAGELS Ol 0moieg Umopel vor elval KEVIPAPIGUEVEG GTO KEPAAL (GTOV OMTIKO
TOUEN MG OMOTEAECHO TNG OVVOEGNC TOL PETVOTOMIKOV Yaptn Kou g Béong TtV HATIOV),
KEVIPAPIGUEVEG GTOV KOPUO (MG OMOTEAEGLLO TANPOPOPIOV Yo TN B€om TOL KEPAAOD Kot T 6TAOoN
TOV GMOUATOC), KEVIPAPIOUEVES GTO XEPL Kol 00T® KoOeENS. LTor OAAOKEVTPIKA TAOIGLO, TO OVTIKEILEVOL
KOOIKOTO0UVTOL KUPIMG e BAomn TIg Y®PIKEG TOVG O1OTNTES KOt TN SIUOPP®GT TOVS, OGS Ol GYEGELS
HETAED TOV HEPDY TOLG Kot HETAED AAA®V avTIKEWEV®V TToL Bpickovtal otov xdpo [17].

Ot eY®OKEVIPIKES OVOTOPACTAGEL UTOPOVY VO YPNCILOTONB0HV GTNV 0pyAveGT KIVGE®V Y10l TNV
emitevén evog otoyov 1 Yy VvV amopuyr| emPAafov epebopudtov. Amd ™V GAAN pepld, ot
OALOKEVTPIKEG AVATOPACTAGELS LITOPOVV VO, XPNGYLOTONOOVV Y10 TOV EVIOTIGUO AVIIKEIUEVMV KOl TNV
TAONYNGN GTOV YDPO. TNV 0ALOKEVIPIKN KATAGTOGT, TEPQ OO TOV KOVIIVO YDPOo dpAcNG, 0 LOKPLVOG
YOPOG etval ovolaoTikd £vog Kabapd onTiKOg YDPOS TOV POLVOUEVOAOYIKA YIVETAL OVTIANTTOS G U
Evkdeidetog, pe un-ypappukn kipdkwon g andotacng [17].
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Eixova 6 Xyeoiaypouua 01000pav HeTolDd eYwKEVIPIKNG KOl OAAOKEVIPIKNG AVATOPACTACHS

Oocov apopd ta amtikd epebicpata, £xel OempnBel 6tL n avTiAnyn evog antikol epediocpatog pmopet vo
kabopiotel Oyt pdévo amd ToVg cOUATOSOHNTIKOVG Topdyovies, oAAG Kal amd T Ywpik) 0Eon Tov
dépuatog mov ayyiletal, pe avo@Opl GE £YMKEVIPIKA TAOICIO GLUVTETOYUEVOV, LE ETIKEVIPO TO
HEHOVOUEVE UEPN TOV OMUOTOC. AvT| 1 doTowp®on HETAED  Sl0QOPETIKOV  GUOTNUAT®V
CUVTETOYUEVOV EMTPENEL TNV TOPAKOAOVONOT TOV S10POPOV LEADY TOV GCOUATOG GTO YDPO Kot KAOE
HepOVOUEVOD gpeBiopaTOg OV £pyeTon GE EMOPN UE avTd, vrootnpilovtog peydlo Pabud gvehéiog
Katd ™ dibpketo Twv Kivnoewv [17].

Agdopéva cuumeplpopds vrodnAdvovy Ott ot avBpmmol evaiidocovy avBdpunta petald tov dvo
aVTAOV KOPLOV KATNYOPIOV TANIGIOV, N O UEPIKEG TMEPUTTMOOELS WUMOPEl OUTA OKOUO Kol Vo
CLUVLTTAPYOVV KOl Vo Agrtovpyobv moapdAinio. EmumAéov, €xet mpotabel 611 M yopwkn pvniun
vrootnpilel o¢ enl 10 TAEIGTOV EYOKEVIPIKAE TAAIGLO AVAPOPEGS, EVAD VIAPYOLV 15 LPEG EVOEIEELS OTL OL
AALOKEVTPIKES OVOTOPUOTACELS VITOoTHpilovTol o eninedo vevpova [16].

Oocov apopd to. HEPN TOL EYKEPAAOV TOL EVEPYOTOLOLVTOL KOTO TN YPNON TOL €KACTOTE TOTOL
mAouciov, €pevveg &xovv Oeifel OTL OTNV EYOKEVIPIKY KATAGTOOT EVEPYOTOLOVVTIOL O OmicO10¢
Bpeypotucog AoPog, n petomiaion EAIKO Kot 0 KVNTIKOS GAOLOG OUEPDS, OV KOL 1] EVEPYOTOINGT Elvan
o ektetapévn oto ogl nuoeaipto [16]. Xt arldokevipikn katdotoaon evepyomoleitol mAAL Eva
LETOMOH0 SIKTVLO EMIKEVIPOUEVO OTIS Avm Ppeyuatikéc meployég (superior parietal regions) kot otov
OVOTEPO UETOTIOMO QAOLO TOV deE0D NUGPOIPIoV, OGTOGO 1 AAAOKEVIPIKY YWPIKY] KMOTKOTOIN o
yivetar kuping otov é6m Kpotapkd Aofo (MTL) mov meptiapfavel ToV ITTOKAUTO, TV OUVYIOAN Kot
TOPATTOKAUTIKEG TEPLOYES [18].

‘Exet mapapnBel 6tL tor Bpeypotikd kot peTomaio. OikTuo EVEPYOTOLOVVTIOL KOl OTIS OV0 KUPLES
Katnyopieg TAGI®V 0AAG T 1oYVPA 6TO EYOKEVTPIKA. [16]

5.3. Xvvopoun Opaocnc & Acrtovpyio vro Arovcsio OnTIKOV
EpeOoparov

H o6paon eivor plo oand 11g mévie aichnoelg tov avBpdmov kot amd moAAOLG Oewpeitor M
ONUOVTIKOTEPT], KOOGS PHEG® avThg yiveton emi to mAgiotov aviiinmtd to e€mtepkd mepiBdirov. H
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onpacio avt vreprovifeTat KOG amd 1o yeyovog ot mepimov 1o 30% tov avlpdmvov £yKe@AAOL
acyoleital pe v eneEepyacio Kol epunveio Tov onTikdv epebicpdtmv [19].

H andlea dpaong, Aomdv, o fabud mov dev umopet va emdopbwbel pe texyntd péco 6mws ot poKot,
umopel va opbmoel ToAAd eunddia ot Lon evog avBpmmov. Qot1dc0, T0 YEYOVOS OTL TO. ATOHO UE
TOQAMON UITOPOVV VL AVGOLV YMPIKA TPOPARaTH Kot OTL eKElva pe TANpn Opacn kavouv Aadn [20],
onpaivel 6tL 1 6paom dev tvar 00TE amapaitnTn 0VTE APKETN Yo TN YWPIKN Kwdkomoinon. Yrdpyovv
dV0 avTikpovdueveg Bempieg TOV £XOVLV TPOKVWYEL OO TPMLLLOL TEPOULOTIKG EVPNOTO CYETIKE LLE TO AV
N am®AELD TG OpOoNG GLVOSEVETAL 1) O)L 0o Pedtimon dAL®V aictfoewy [21].

Amd ) pio TAevpd, vrootnpiletar n vedbeomn Tov elMAeippatog avtiAnyng [21], 6rov amd v anovcio
OMTIKNG TANPOPOPIaG, TO ATOHO UTOPEl Vo avamtHEOLY YVOOTIKG YOPIKA eAAeippote o GAAEG
aoOnTnplokéc Aettovpyiec. Avti 1 VTOBeon VooTPiYTNKE ATO PEYAAO OYKO £pevvag Tave o€ (ma 1
omoia KATEJEIEE TN ONUOGIO TNG ONTIKNG AVATPOPOIOTNONG GTNV OKOVGTIKY| YMOPIKY eKpdOnon kot ot
(QLGLOAOYIKT] OVATTVEN TOV OKOVGTIKAOV YOPIKOV XopT®V 6T0 dve d1dvpo (superior colliculus) [21].

Amd v Gl mhevpd, vadpyel n Bswpia g avtiotdOuiong [21], cOpemva pe v onoio To TVEAG
ATOUO. OVOTTTOGGOVV EEUPETIKEG OVTIANTITIKEG IKOVOTNTEG OTIG VITOAOITES oGO TNPLOKES SOLVATOTNTES
T0UG Yo v avtiotaduicovv v ontikn anwAgie. H mpobmdpyovca vrootpiEn avtg g Bempiog
TpoépyeTal, HETOEL GAL®V, amd tovg Ntevi Ntivtepd oto Ipaupa otovg Tverovg (1749) [22] kan
Fovidiap TCépg (1842-1910) [23]. Metayevéotepeg pehéteg emPefaiovav v vmobeon g
avTIoTAOUIOTG OmOdEIKVOOVTOS OVATEPES XWPIKEG OKOVOTIKEG KOVOTNTEG GE TPOIUA TUPAL GTOLLOL
[21]. AMoote, o1 aKOVOTIKEG YOPIKEG epyacieg €xovv amodeybel OTL TPOKOAODV GMUOVTIIKY
EVEPYOTOINGT GTOV ONTIKO PAOLO TMOV TPOILN TVPADV ATOUOV KOl EEXWPLOTEG IKAVOTNTEG OKOVGTIKOV
eVTOmIGLOV €yovv amoderyBel 611 oyetiCovian evidvmg pe to péyebog g OpacTNPLOTNTOS TOV OTTIKOV
elotov [21].

To eowodpevo avtd ovoudletal vevpomhaotikny (neuroplasticity) kot givar 1 tkovoTnTa TOL VELPIKOD
GLOTNOTOG VO TPOGOUPUOLEL TN AELITOVPYIKN KOl OOMIKT) TOV OPYAVMOGCT GOV OTAVTNOT GTNV avATTun,
mv eumepio ko to mwepPariiov. Ot dwatpomikég (cross-modal) vevpomlootikés aAloyés otov
eyKEQPaAo cuppaivouv cuyvd petd v osOnnplaokn oTEPNON, LE OKOTO Ol TEPLOYES TOV EYKEPAAOL
mov ovvnbwg oyetiCovion pe v amoiecbeioca aicOnom vo otpatorloyodvtal ywoo v enelepyacio
TANPOPOPLOV ad TIG VITOLOITEG AN TPLaKEG 16000V¢ [24]. o TaPAdEY A, GTOV €K YEVETNG TVOAD
EYKEPOAD, O W10KOG QOAOW0G emelepydletal un-omtikd ofpato (o€ avtifeon pHe TIG QPUGLOAOYIKES
oLvONKec) OTMG aKOVOTIKA, YAOGGIKG 1| antikd epedicpoto [24]. Mdlota, vdapyet Eva avéavouevo
OO0 EPELVAOV TAVM OTI VELPOOTEIKOVIOT TOL TAPEXEL oToLyElo. To Omoiet LTOOMAMVOLY OTL Ol
evooplotikéc cvvoéaelg (cortico-cortical pathways) peta&d Tov akoveTIKOD Kol TOV OTTIKOV (AOLOV
umopet vo, amotelov ™ Pdon yio tn dwotpomiky eneEepyacia [21].

Qot6c0, mapd Vv VmapEn v dedopévav mov vrootnpilovv T Bewpia g aviietdOuiong, sivat
OTUOVTIKTY L0l TTLO TPOGEKTIKN HOTIE OTIG cLVONKEG KAT® amd TIC 0moieg mapatnpeital n Pedtioon Tov
OKOVGTIK®V YOPIKAOV IKAVOTTOV.
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Z axis
Vertical (up and down)

Y axis
Horizontal (side to side)

X axis
Depth (forwards and back)

Eixova 1 Aioxpités {oveg ywpikod mepifialloviog

Apyikd, to yopkd tepiPailov umopei va owapedel og dakpitég (dvec. Te oxéon UE TN YOPIKY oKoN,
TOTIKG yopiletor oe opilovria, katakopvea kot exinedo Babovc [21]. Katd uéso 6po, ta TueAd dropo
UITOpovV KOAVTEPO VO EVIOTIGOLY NYOLS 6To opldvTio eminedo, aAAd mapovctdlovv EAAEYLLO GTO
Kotokopveo [21]. Evdwaeépov, paiiota, ivol Kot o yeyovog 0Tt 6Ta TVEAG GTopo TopoTnpNOnKe pio
avtiotpoen cvoyétion. [To avalvtikd, 6cot tapovsiacay peyalvtepn akpifeio oto opiloviio mhaiclo
NTov eniong aTol pe TNV peyolvtepn advvapio oto katakdpveo [21]. Atevkpwviletatl 0t 1 cuoyETion
avt) ogv mapatnpeitonr ota dropa ywpic mpoPAnuote opaocng [21]. To yeyovdg avtd, Oyt povo
TédooeTal Katd G 10£€0G Yoo YEVIKN OKOVOTIKN Y®PKN Peitioon ota TVPAQ dtopo, OAAG emiong
VTOONAGOVEL TNV MOAVOTNTO avTIGTAOoNg oty emidoon eviomopod petalh Ttwv 0VO AVTOV
EMTEWV.

Oocov apopd v extiunon oxetikov Pabovg PACEL OKOVOTIKNAG TANPOPOPING, TO GTOUO LE TPMOUUN
TOpAoon €xel oeyBel 0Tl givor mo axpiP] amd to dropa pe Opaoct, eEved aviifeta vVOTEPOLV TNV
eKTIUNGN 0TOAVTNG amdOGTOOTG, dNAAON amdotaon peta&d Tapatnpnty Kot Tnyng [21].

ZyeTikd Pe To. dTopa pe OYun THEA®GOT, ototyela deiyvouv OTL 01 YMPIKEG AKOVGTIKES IKAVOTNTEG TOVG
Bpiokovtat kdmov ot péon petald TOV TPOYN TVEADV OTOU®V Kol TV otopov pe Opaot). [To
AVOALTIKG, 0eV ETMPEAOVVTAL 0O TOAAEG amd TG BEATIOOELS MOV TOPOVGLALOVY TOL TPADLO TLPAN
dropa, aAAd ovte Tapovstdlovy To eAdeippata [21].

Ext0¢ amd v axor, ta dTtopo Pe TOQA®GT YPNOUOTOL0VV EKTEVMS TNV 0P1 ®¢ LEGH e&epehivnong Kot
K®OIKOTOINoNg T0v YOpov mov tovg mepiPdirer. H agr] Aettovpyel pe oucOnmpio vedpo mov
Bpiokovrat kdtm and to dépua. H xatavoun tov aichntipiov opydvev dlupépel avaIesH oTo onueia
TOV GAOUOTOC, LUE UEYAAVTEPT] TUKVOTITO VO, VITAPYEL GTO AKPA Kol KLPIWG GTIG TOAGIES Kol TO KEQPAAL
[25]. Ta dtopa, kot Kupime ovTd oL TAGYoLVY and AT®AELN pHiag 1} TEPLECOTEPOV AGONCEDY, LTOPOHY
Vo YPNCLOTOMGOVY TIG VIOAOITEG AICONGELS TOVG Y10 VO TPOCAGPOVV TIG YWPIKEG TANPOPOPIES TOV
yperalovtatl. AAA®aoTte Yo va avaropactadei 1 idto TAnpoopio pwopovv va xpnoyLorotnfovy ToAAEg
HopPéC Kmdkomoinong [26].

Ta xapoKTINPIGTIKA TOV KIVAGEDV TOL XPNCLOTO0VVTAL otV e€epediviion evog ymdpov emmpedlovv
TNV OVOTAPACTOGT KOt TV KPIoT] TOV OTOUOV Yol TOV GUYKEKPUEVO YDPO, OTWS Yo TAPASELY O T
oxeTkN 1 omdALT) Tomobecio onueiov 1 T@V anoctdcewv peTald Tovg. Ot kivioelg mailovy poro
OTNV KOTOOKELY] TOV OVOTOPUCTACEDV 1OUTEPO YO EKTIUNOT OMOGTOONG TOGO OTO (GTOUO UE
TOPA®ON 000 Kol oTo YOpig, vmodewvoovtag Ott ot dEoveg avapopds mailovv polo otV
AVOToPAGTAGT TOL YPNOLLOTOLEITAL Y10 TNV eKTipmon 0éong. [26]

Emiong, peréteg vroompifovv 0t 1 ypnon e€ntepikmv onpeiov avapopdg sivor mbavr. H kavotnta
AVOYVOPLONG aVAQOP®V Eval TOAD pelopévn OTav 0 TopaTNPNTAG OTEPELTAL OPAONG, PLCIKE, OAAY
etvar akdpo oV 1 ¥PNoN SKPITIKOV YOPUKTNPIOTIKOV TUKTIKNG, YOPIKOV aEOVOV, | HLEPDV TOV
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oopatog. Ta ex yeveTng ToEAG dtouo eaivetal va ival Ayotepo kavd oty aflomoinomn TE€Tolmv
AVOPOPMY OO TOVG HETENELTA TVPAOVG [26].

Oocov apopd Vv ektipunon g evkAeidetog andotaong Letalhd evog apytkod Kot EVOS TEAKOL onueiov,
Kot ot 000 OpHAdES -ATOMO LE OMMAEL OPAONG KOl YWOPIG- VIEPEKTILOVYV TNV amdOGTACT, OGO OLTY|
HeyOA®OVEL AVTO TO QAIVOUEVO €ivol TO €VIOVO GTOVG €K YEVETNG TLOPAOLG TOPATNPNTEG TOPd GE
aVTOVG OV £YOGOV TNV OPACY] TOLG APYOTEPO, TPOTEIVOVTAG OTL 1 OMTIKN gumelpia. Ponbdel otov
CUUTEPAGUO TNE YWPIKNG amdoTacnG omd Ty omtikn e€gpevvnon [26].

Ievikd, vdpyet eveMEilo OTIG EVPETIKEG GTPATNYIKES LE TIG OMOIEC KMOIKOTOLOVVTOL TPOTLTA OTd TNV
anTikn  e£gpedivnon. TNV  WEPIMTMOON NG EKTIUNONG OMOCTACNG, Ol TopuTnNPNTES ovvnbmg
YPNOUOTOLOVV GTPATNYIKES oL Pacilovtal otnv kivnon, eved oty extiunon B€ong, Tpotiovviat ot
yopwol afovec. H tedevtaio otpotnyikn, HAAMGTE, YPNOUOTOEITOL GTNV ONTIKN KMOIKOMTOINom
TPOTOTWV, VITOSNADVOVTAG OTL OPALCT] KL 0T LITOPEL VO, EYOVV KOWVEG EVPETIKEC KmdtKomoinong. [26]

To 1997 ot Thinus-Blanc ka1 Gaunet dpicov ™ GTpotNyIKy ®G «EVO, GLVOAO AO AEITOVPYIKOVG
KOVOVEG TOV £QaPUOLOVTOL OTTO TOV GUUUETEXOVTO GE OAPOPES PACTC TNG EMECEPYAGIOG TANPOPOPLDV,
amd TNV TPOTN KIOANG GLVAVINON HE P vEX KATAOTOON MG TNV EEMTEPIKELGT TNV YWPIKNG YVOCTG»
[27].

Emumiéov, onpovtikd eival To epOTNUO €AV TO ATOUA LLE ATMOAELN OPOUCTC, Kot KUPIwS 0c0t eivan gite ek
yevetng glte amd oA pikpn nAio TvEAOL, £(0VV TNV SLVATOTNTA VA XPTGLLOTOMGOVY OAAOKEVTPLKE.
TAO{G10 VAPOPAG.

To dropa pe amoiew Opaocmg ompilovtal KUPIOE GTO EYOKEVIPIKA TAOUGLO OVOQPOPAS Yoo TN
dtekmepainon yopkov epyact®dv. To ToeAd dtopo eival mo eEOKEIOUEVO LE CEPLOKEG GTPUTNYIKES
oTNV ENEEEPYOCIO TANPOPOPIOV (EMELON 1 ATLTIKN KO AKOVGTIKT TANPOPOPIn TOPEXETOL GEIPLOKA) KOl
telvouv va v10BeTovV cEUATOKEVTPIKA (e BAon TO cOUN ©C GOVOAO) N yEWPoKeEVIPIKE (pe Pdon To
YEPL) TOPA OAALOKEVTPIKA GUGTIUATO GLVTETOYUEVOV Y10l TV OWKOJOUNCT TOV ECOTEPIKAOV YOPIKMOV
avoropoaotdoenv [24]. H ypnon opmg kot aAlokevipikdv mhaiciov dev givar amiBavn. H éykaipn
EKTTOLOEVOT OOV LLE GLYYEV] TOPAMOT] GTOV TPOGUVATOAIGHO KO TNV KIWNTIKOTNTO, LAMOTO, £XEL
O¢ ATOTELES O TNV OELVON TNG YOPIKNG OVTIANYNG Kot TNG AAALOKEVIPIKNG KOIIKOTOINGNG 00N YMDVTOG
o emMOOCELS TOPOUOLEG HE OVTEC TOV OTOH®V He Kavovikny Opaot. Otav ypnoyomolovvtol ot
KOTOAANAEG OALOKEVTPIKEG GTPATNYIKEG KATA TN SLUPKELN TG KMOKOTOINOoNG Kol OVOTapAGTUGTS TOV
KOVTvoU TtepIdAlovtog, 1 anddoon Tov aTou®V pe TOPAmMOT umopel va eEopotwbel pe exetvn tov
atOUOV HE KOVOVIKY Opaon pe kAewotd ta pdtio [27]. Mdahota, to 2010 o TMarmadomoviog Kot ot
ovvepydteg Tov [28] petd to mEpag evog mepdupotog, Pprkav Ot povo mepimov to 1/3 TV
CUUUETEYOVTIOV LE TOUPAMOT] YPNOYOTOIOVCE UOVO EYOKEVIPIKA TAAICIO Y10 TV KMOIKOTOINGT TOL
dpecov mepPAALOVTOG Kot HOVO TO Y4 TV €K YEVETNG TLOAMV YPNOCLUOTOLOVGE GTPATNYIKES QVTO-
AVOPOPAG.

IHivarag 1 Xopoxtnpiotikd mpocovotoliouod aveioyo te tkavoTnTo, Opachs

Toprowon ek

Oyipn
TOQA®ON

yeveTg/pkpn
nuxkia

Evrtomopoc nymv

. . Atyo ,
6TO 0pPLOVTIO Beltiopévo Yo Méoo
; Bertiopévo
EMinEdO
Evromopoc qymv
0TO KUTAKOPLPO Emdewvopévo Méco Méco

eminedo
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6. Hrektpoeykeparoypaia (EEG)

6.1. Ewayoyn

Eixova 8 2yédio arouov katd v O16pKeIo AYNS ETMIQOVELAKOD NAEKTPOEYKEPAALOYPOPHUOTOS

To mAektpoeykeparoypdonua (HEL) eivor pio pébodoc mapakorovdnong kot Kotoypaensg g
NAEKTPIKNG OpacTNPOTNTOS TOV AAUPAVEL LEPOG GTO TPLYYMTO TNG KEPAANG, 1) OTtoia £xEl amodelyfel Ot
OVTUTPOCHOTEVEL LOKPOOKOTIKA TN dpACTNPOTNTA TOV EMPAVEINKOD GTPMUATOS TOL £YKe@AAov. H
niextpikn dpaoctnprotnta avti [29], [30] opsiletar oty Aettovpyio TV vevpdvav. Ot vevpmveg givar
KOTTOPO 7TOV £X0VV TNV KAVOTNTA VO SEYEIPOVTAL KOl VO TOPAYOUV NAEKTPIKE KOt poryvnTikd medio
o6tav ovtd ovuPaivel. To medio avtd, oty cvvéyeln, eivar dvvatd vo KOTaypaeovV HE yprom
NAEKTPOdiOV Kol avarldymg TV Totofétnon avtov 1 nEBodog g nAekTpoeykepaioypapiog ympiletot
oT1g €EN¢ Pacikcég Katnyopieg:

1. Tomkod eykeporoypaenua (Local EEG): Xpnowomolobvior pHKPONAEKTPOdIOL OV
tonofetovvtol amgvbeiog oTov 1610, TOAD KOVTO OTIC TNYES TNG OPACTNPOTNTAS, Yo TNV
KOTOYpopn TV SLVOUK®OV TOTIKOD TTEdTOV.

2. Evdokpovikd eykeparoypaenuo.  (intracranial EEG - IEEG) 7 ®lowoypdenua
(Electrocorticogram - EC0G): H «ataypa@r ZTpaypotomoleitol amd TV EMPAVELD TOV
EYKEPAAKOD PAO10V.

3. Emoeavewko eykeparoypaenuo (EEG): Kataypbostor emoaveliokd omd to TPY®OTO NG
KePaAng (scalp).

Eixova 9 Ancikovion Ajyng evookpaviokov €yKeQAAOYPaPIUATOS
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To nAextpoeykeparoypdonua, yevikd, &xel TAN00G TAEOVEKTNUATOV GE GUYKPLION UE GAAEG TEXVIKEG
KATOYpaeNS TG €YKEQOAKNG dpaoctnpiotntas. Eivar Aettovpykd ypnyopo kot £xel vymAn akpipeia
010 medio Tov YPOVOL. Me TN cvYYpovn TEYVOAOYiol €lval duvaT M OVIXVELOT TNG EYKEPOAMKNG
dpacTNPLOTNTAG GE AVAAVOT €VOC YIAOGTOD TOL OEVTEPOAEMTOV. ZVYKEKPIUEVO Y10l TO ETIPOUVELOKO
EYKEQPOAOYPAPN L, TO YEYOVOS OTL To NAEKTPOOIO Eival OTADS KOAANUEVA GTO TPLYMTO TNG KEPAANG,
KAveL TN dodkocion pun emeUPaTIK) KOt APo KATAAANAT Y10, EDKOAN KO ETOVOAAUPAVOLEVT] EQOPLOYT
1060 6¢ VYW 000 ko oe acbevn dropa. Téhog, o eEomMoundg tov HED eivon oyetikd @bnvoc oe
oLYKPLON HE AALEG GLOKEVEG Kot amAdc 6T Agttovpyia Tov. QoTdG0, T0 PACIKOTEPO HEIOVEKTNUO TNG
CLYKEKPIUEVNC TEYVIKNG EVOL M HIKPY YOPIKT OVAAVLGY| TG KOTOYPOPNG Kupiwg o€ oxéon He GAAES
OMEIKOVIOTIKEG TEXVIKEG OTMMG 1 OmMEKOVION Hoyvntikov ocvvtovicpod (MRI) kot m topoypaeio
ekmounng nolitpoviov (PET) [31].

€ YEVIKEC YPOLLEG 1] £PEVVOL KOl O1 KAMVIKES EPOPLOYES TOV NAEKTPOEYKEPAALOYPOPT LATOC KAAVTTOVV
ddpopovg topeic [30]:

o Melén WI0TTOV TOV EYKEPUAIKAOV KOl VEVPOVIKOV OIKTOMOV GTIG VEVPOETIGTNLEG

o [lopaxoroObnon tov emmédov eypnyopong kot a&loAdynom g emidpacmng avolsONTIK®OV
QOPUAK®V

e Algpevdvnon vevporoyik®v modncewv, Omwg N emANyia, Pe oTtOX0 TV TPOPAEYT, aviyvevon
Kol eviomopd  eMANTTK®OV  kpicewv, kabBog Kot  madnocewv  Omwg m dvou,
ouumePAaUPAVOUEVIG TG OEOAOYNONG TV EMOPAcE®V Bepamevtikdv mapeupacewv (m.y.,
0QEAT KoL TOPEVEPYELES POPUAKEVTIKNG OLYMYNS)

o Melétn YVOOTIKOV OlEPYOCSUDY KOl KOTOUGTACEWV, OMW®G 1 GLYKEVIP®ON, N KOT®oN M M
YVOGL0KY] 0It0S00T KOTE TNV EKTEALECT] SOPOPWV EPYACIDOV

o Xpnoewg vevpoovarpopoddmons EEG 1 m Proovadpaong EEG mave ot Bepancio
(QULGIOAOYIKADV SLOTAPAYDV KOl VEDPOAOYIKAOV d1ATOPOY DV OTMG 1) EMANYia

Ta gyKe@oAikd KOpATO KOL O TPOTOG TOL OVTH EMAVAAAUPAVOVTOL CLVOEOVTOL LOVOOIKE e TOV KAOE
dvBpwmo, YEYOVOG OV GLYVEL EMTPENEL TNV OVOYVAOPLOT] TNG TOVTOTNTOG EVOS OTOLOV OMOKAEICTIKG
Baoetl ¢ eykePaAknc tov dpactmpiotroag [30].

6.2. d®voroloyio Anprovpyios Xpatog

To gykeparoypoaikd ofjua otnpiletar oty apyn tov peufpavikod dvvapikod (membrane potential)
[32], to omoio exppdler T StoEopd dSuVOUIKOD OVAPESH GTO €0MTEPIKO Kol TO €EMTEPIKO TNG

KLTTOPIKNG LEUPPavNG:
Vin = Vin = Vour

Ye Katdotoon mpepiog, M TWR TOL SLVOUIKOL eivonl ouvnBwg apvnTiky, kabmg 10 eEMTEPKO
nepPdAlov g pnepPpavne Ppiocketal o€ LYNAOTEPO SLVOIKO GE GYEOT LLE TO £0MOTEPIKO. UG onueio
avaopds ypnotponoteitar cuvnbwg To e&mTepkd dvvapkd. T Evav TLTKO VELP®OVA, TO OLVOLUIKO
npepiag eivar mepimov -70mV, aArd pwopel va petaffAn0et onpovtikd.

H i tov pepfpovikod duvoptkod Sopop@®VETAL amd TNV GVIeT KATOVOUR 1OVI®V OVAUEGO GTO
€0TEPIKO (EVOOKLTTOPIKO) Ko TO €£mTEPIKO (e€mKLTTOPIKO) TEPIPAALOV TOV KVLTTAPOL. ALTN M
Kkatavoun kabopiletoar amd tn Aertovpyio eEEIOIKELUEVMVY 1OVTIKOV KavaMav (kupiog K¥, Na* kal CIY),

To, omoio €fvol EMAEKTIKA Y10l GLYKEKPIUEVOLG TOTOVS OVIMV Kol AEITOVPYOVV MG TNYES 1OVTIKAOV
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PELUATOV TTOL EAEYYOVTOL Omtd TNV TAoM. AVo cuvictdces abBpoilovy avtiv TV Tdor, pio ynuiKn Kot
pio NAEKTPIKN, TOL 6TO GHVOLO TOVS OPILOVV TNV NAEKTPOYN LUK Oy®YILOTNTOL:

Xnukn ayoyywotnta: Ta Ovio petokivodvtol HEG® TG KLTTOPIKNAG HeUPpdvng Adym g
LPOPAC CLYKEVIPMGNG TOVS OVAUEGOH GTO EVOOKVTTOPIKO Kol TO £EMKVTTAPIKO TTEPIPAAAOV,
po dradikacio Tov ovopaletot ynukn poaduioa 1 fabuido cuykévipwonc. Avti N petaxivnon
oToYEVEL GTNV €ELGOPPOTNOT TV GVYKEVIPMOGE®V TOV KAOE TOTOL 1OVI®V GTIC 600 TAELPEG TNG
pepppavng.

HAextpuny ayoyywomra: Kdbe @opd mov éva 10v dwomepva 11 pepPpdvn Adym g ¥nMUkng
Babuidag, mpokadel aAloyn ot S1Popd dSVVOLKOD avApIeso oTig OV0 TAEVPES TG LeUPBpavng,
efautiag ™G mOAwong tov. Ta mapdderypa, O6tav €va 1OV KOAMOL UETOKIVEITOL TTPOG TO
eEokuttapikd mepiPdiiov, avEdver to BeTikd QOPTIO €KTOC TNG HEUPPAVNG, EVO UELDVEL
avtiotoryo to OeTikd @optio evtdg avtig. Avti 1 dwdikacio dnpovpyel Hi NMAEKTPIKY
Babuida, n omoia ekepaletar wg dapopd duvapkov. H petagopd dviov cuveyiletar 6co
VILAPYEL OLPOPA CUYKEVIPMONG, LUE ATOTELEGLLO 1) OLLPOPOTTOINGT TOV POPTIV Vo gvieiveTat.
H dwdwacio avt) cvveyiletar éog 0tov M mAektpikny Pabuida avtictabuicer mAnpmg ™
uikn Paduida. Xto onueio avtd emMTLYYAVETOL MAEKTPOYNUIKY tooppomic, Omov ot dVO
Babuideg eElooppomovvtat Kot dev mapatnpeiton tepattépm kabopn petokivnon Oviwy.

To cuvolko duvapKd SOUOPPOVETAL YAPN GTNVY VTTOPEN TOAADY KOVOALDV TOL d1aB€TEL 1) e pavn.
Ké&Be éva and avtd npoorabel vo metdyel nAekTpoyniky woppomia yio éva tHmo 16vtog. Av mopbet
®C TOPASELYHO. VO KAVAAL 1OVTOV KaAiov, ) ynukr abuida opileton wg:

[K*],
AGchemicar = R T - ln[K—"']i

Ko n niektpicn Babuioa opiletor wg:

OTov

AGerectricat = 2 F -V

AGchemical: XT‘”,LIKf] Baeui&’"

AGelectrical: HKSKTPlKﬁ ﬁa9ui50€

R: mayxoca otadepd aepiov mov 1wovtot pe 8.314 ] - K~1 - mol™?

T: Beppokpacio oe Kelvin

[K*],, [K];: eEoxvttopicy] Kot VEOKVTTOPIKY AVTIGTO(0 GLYKEVIPOOT] TOV 1OVTI®V KaAiov

Z: 6Bévog 1ovtog

F: otofepd Faraday, icovton pe 96.485 C - mol ™!

V: drapopd dvvapikod pepfpdvng

Otav emrvyyavetal eEilcoppdmnomn oTic 000 Pabpideg TPokVLTTEL 1| £EIGMOT TOL FVVAUIKOV 1GOPPOTING
1N e€lowon Nerst, mpog tiunv tov Walther Nerst ov v datdnwoe. Zvykekpipéva 1 e&icwon moAl yio
To 10vTo Kadiov €xet T popon [32]:
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Q61000 6T SWUUOPPOCT] TOL GUVOAIKOD HUEUPPOVIKOD dVVOUIKOD eKTOG amd Ta 10vTa KaAiov, cuviBwg
CUVEIGREPOVY KOl TO. 1OVTO vaTpiov Kot yAmpiov. o v eveOUAT®oN TOL GLVOAOL TOV 1OVI®V
datvmmbnke n yevikevon g eiowong Nerst, n e€icmwon Goldman-Hodgkin-Katz (GHK). T'a ™
CUULETOYN TOV TPV TpoavapepBéviav ovtov 1 eicwon GHK dwaupopeavetal og €€ng:

V. = R- Tln (pK ) [K+]o + Dna - [Na+]o +Pcie [Cl_]i)

"V (pk - [KT)i + pae c [Nat] +peg - [C7],)
H mapduetpog p givor dtapopetikn yio kébe tOmo 16vTov kot ek@pAalel T GYETIKN SOmTEPATOTNTO TNG
pepppavne. o évav Tumikd vevpdvo o KATAoTOoT NPERiag woyvel px = 1, pyo = 0.05, po = 0.45
KOl 1 TPOCONKN OLTOV TOV TWHOV JSomepatOTNTOS €lval 1n KOpLo. dla@oporoinon pHetald Twv
eClowoemv Nerst kor GHK. A& avagopdg gival, emiong, 1o yeyovog Ot yio o 10vTo YAmpiov, N
EC0MTEPIKT GVYKEVIPMOON UTOUVEL 0TOV aplBuntn, avtifeta pe to 1dvta votpiov Kot kadiov, d10Tt gival
avidvTo —EVavTL KOTOVIOV-.

210 6LVOMKO OLVOIKO GLUPBAAAOVY TOAAOL TOTOL WOVTIOV Kot Yoo TOV AOYO avTdv, givarl Aoyikd vo
vroBécovpe OTL, 68 KAOE oTIyUn, Kovéva amd autd To 10vTo gV PpIoKeToL GE TANPT NAEKTPOYNUIKT
ooppomia. Q¢ €K TOVTOL, Yo KAOE TOTO 1OVTOG, VITAPYEL CLVEXMG MU0 NAEKTPOYNLUKT Pabuida. Avtiy N
Babpuida meprypapetat amd Ty nAekTpoynkn odnyoé dvvaun (electrochemical driving force - EDF), n
omoia Yo KaBe 16v X opiletar og e&ng:

Vepr x = Vn — Ve

eqx

To mpoéoMUO TG NAEKTPOYNUKNG SUVOUNG GE GUVILUCUO LE TOV G6OEVOLE TOV 10VTOG (avidv 1 KATOV)
kabopilel v mopeia ¢ kivnong Tov 1OVIoV oe oyxéon He TNV KuTtapikn pepppavn. Eva Oetikd (1
apynTIKd) TPOSTUOo Yo £vo KTV (1] aviov) VTOOEIKVVEL OTL TO. 1OvTa. pEOVV TPOG TO €EMTEPIKO
neptPdArov g pepPfpdvng.

H petofoin tg tung tov cuvolkol dvvapikod g pepppdvng oyetiletor pe 1 dwdwkocio
EVEPYOTOINGNG TV VELPOV®V, 1 OOl TPOKAAEL TNV TAPAYWYN XPOVIKA LETOPAALOUEVOV NAEKTPIKADOV
OVTIKOV SIOUEUPPAVIKOV PEVUATOV, HECH TOV EMAEKTIKOV KOVOAMOV. ZUVOAKE vTdpyovy dVo KOpLeg
LOPPEC VELPMVIKNG gvepyomoinong, to oSvvopukd Jdpdong (action potential) [32],[4] ko to
LeTaGLVOTTIKO duvapkd (post-synaptic potential) [30],[32].

To dvvapikd dpdong epeaviCetonr 6tav 10 HEUPPOVIKO SLVOUKO OVTIGTPEPETOL OVTIGTPEYILO ToKELDL
(5-10 ms [33]) amd v T npepiog, mepimov —70mV, oy TN tov +50mV mepinov. O tpodmOC
J1d00MG TOL SLVOUIKOD OpAcNS €lval KATO UNKOG TOV VELPMOVA KoLl 1) LOPPT TOL Olokpivetal 6t
GLVEXELOL.
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Eixova 10 Avvoguro dpaong

H apyn evog duvapikod dpdong eivan 1 apyikn anondrmon (depolarization) g pepppdvng Ady® g
mapovciog evog epebiopotoc. H @don oavt) dev odnyel amoapaitnto oty dnpovpyic SUVOUKOV
dpdong, kabang yio va cupPel avtd to gpédiopa (OnAadn 1 AmroTOA®SN ToL HEUPPAVIKOD dVVALKOD)
TPEMEL 1| ATOTOL®Oo™ va givol peyoAvtepn ond pio Ty Kat@OAov Vijreshords N OTOL0 GE KATAGTOON
npeniog avtotoryel mepimov ota —50 mV. H i KatoeAiov ovTioTtoyel oTnNv KaT®TEPT TIUN TOV
etvar avn va Topoydyet SuVopIKO dpaons Kabdg ivatl 1 TN TOL KATOEAIOL ATOKPIGILOTNTOS TOV
EMAEKTTIKOV KavaAdv wovtov (kupiog Na kot K). Metd v diéyepon akorovbel 1 emavamdlmon
(repolarizarion), kotd v omoia 1 TIU TOL SLVAUIKOD ETAVEPYETOL GTNV TIUN OV €€ GE KATAGTOON
npepiag kot tepropfaver o evotdpeon vrepndimong (undershoot).

Tig xpovikég oTiyuég TOov 0 vELp®VAG deV €ival GE MPEUL, 1 0VOOG TLPOSOTNGNG OVVAUIKOV dPAOTG
aAAGCel e€opTdpeEV amd ™ (dom ¢ 01€yepons otnv omoio Bpioketal. Avtd pmopel vo KOTOGTNGEL
advvan Vv €k vEou d1€yepor]. To ¥poviko S1AGTNA GTO 0010 1 TIUT TOL KOTOPAIOL O1(pOPOTOLEiTOL
ovopaletar mepiodog avepediototntag (refractory period). ITo avaivtikd, n wepiodog amd v apyn
TOL JVVOUIKOD Opdomng HExpL Kol TO TEAOG 1TNG KOPLENG ovopdleton mePiodog OmdOALTNG
avepebiototog (absolute refractory period) kot xaté tnv omoia givar advvato va mpokAnbei véa
Oéyepon, aveaptitog ¢ Evraong Ttov  gpebiopotoc. AxolovBel pio mepiodog GYETIKNG
avepebiotomtog (relative refractory period), otnv omoio amatteitor peyadvtepn évioon epebicporog
amd v npepia yio va mopodotndel véo duvapikd dpaong, eival ®oTOc0 EPIKTO.
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Eixova 11 Areiovion e mepiodov avepeiototnrog

O péyiotog apBudg dvvapik®y dpaong mov pmopobv va mopayfodv €viog €vOG GUYKEKPIUEVOD
xpovIKoD Stootnuatog kKabopiletar and ) mepiodo amodAvtng avepebiotdmrag (~1-2 ms) Mg dlAa
AOYL 100dVVOEL PE TNV AvATEPT CLYVOTNTA aTdOKPIoNG TV vevpovav. 'Etol, av 1 ddpkewa g
amolutng avepebiototntag eivar mepimov 1-2 ms, n péyiotn ovyvotnta omdkpions Kopaivetor petad
0.5-1kHz.

A&ilel va onuelmdel 6t edv emrevybel n T KatwEAiov, £va TANpeg duvapukd dpdong mapdystan
navto Pe cLYKEKPLUEVO TAATOC ~50mV mov dev peidveror kabmg dtadidetar (Aoykr OAa-Nn-timota,
all-or-nothing law). v mpdén avtd petappaletol oto 6Tt aveldptnto pe 10 ©Oo0o 16YXVPO Eival To
gpédiopa mhve amd Vv TP 1oL KatweAiov, Ba mapaydel axpiPag 1010 dvvakd. Mg dAla Adylo, to
duvapkd opaong eppaviCetor povo 6tav VIAPYEL EXAPKDOG 1oYLPO EPEBIGLA Kot dEV AvamapIoTH TV
évtaon tov gpebiopotoc.. H dvvaun evidg epebiopatog petagpaletal oty cuyvotnto Le TV onoio
TOPAYOVTaL To SOUVOULKE OpAcNG, ONAAdN 1oYLPOTEPO EPEBIGHA TOPAYEL OVAAOYIKA SUVOLKE OPACTG
LE PEYOADTEPT] GLYVOTNTA.

Amo ™V GAAN pEPLA, TO LETOGLVATTIKE OLVOLIKA givol apyEg aAAaYEG 0TO SVVOKO TG HeRPpdvng
OV TPOKVTTOVV OO TN GLVOTTIKY €VEPYOMOINon HECH TV vevpodoPifactdv. Avtd to dvVopKd
yopilovtar og deyeptikd (EPSPs - excitatory post-synaptic potentials) kot kotaotaitikd (IPSPs -
inhibitory post-synaptic potentials), pe v emidpacn tovg va e€aptdtor amd Tov TOMO TOL
veupodPPacTr, TOL VITOJ0YEN, KOOMG Kot TIG AAANAETIOPAGELS CVTMOV HE KOTAAANAO 1OVTIKA KOVAALL
(xvupiog Na+, K+ xou Cl-). TTo avaAvtikd, n amomdrmon g HeUPpavng odnyel ota SleyepTiKd
duvopkd (EPSPS), evd n vepnormon g pepPpavng odnyel ota kataotartikd (IPSPS). Avtifeta pe
T SLVOUIKA dpdiomg, Ta omoia £xovv oTafepd TAATOG aveEdptnTa amd TV £viacn tov gpebiopartog, To
LETAGLVOTTIKA duvapukd £xovv Babumtd mAdtog mov e€aptdtat amd v £viacn tov gpebicpatog kot
petmvetal Kofdg amopakpdvovtol and To onueio mapaymyng Tovg. AkOUd, avTd To. SLVOUIKA givot
aoLOYETIOTA e TTEPI000 avepeoTOTTAG Kot 1 SIUPKELD TOVG UTOPEL VO OTAVEL PEXPL Kol LEPIKA
devtepOLETTOL.

To onua mov xoataypdeeTar, AouTdv, OINV TEYVIKY] NG CLUPOTIKNG MAEKTPOEYKEPAAOYPAPIOG
TPOEPYETOL OO TO LETOCLVOTTIKG dvvapkd kot oyt omd ta. dvvapukd opdong [3],[33]. Av kot ta
HETOGVVATTIKE SLVOUIKE £x0VV TOAD KPOTEPO TAATOS GE GUYKPION HE TO OLVOUIKA Opdomng, To
YOPAKTNPIOTIKA TOVS, OTwg 1 PabUmT TOVG VUGN, 1 LEYOADTEPT SIAPKELD KO 1) EVPELD YMPIKT TOLG
KOTOVOUT, EMITPEMOVY TN YEOUETPIKY AOPO1on Tovg. AvTtd 00MYel 6T ONpovpyio EVOG UETPNGLLOV
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ONUOTOC OTNV EMPAVELD TOV KEQPAALOD, EPOGOV TO LETACLVATTIKA PEVUATO TOPOLGLALOVV YWPTKT| Kot
YPOVIKT] cLOYETION. AV 0ev e£ac@aMotel avtd, To EMUEPOVS CNUOTO OAANAONVOLPOVVTOL KOl TO
YEOUETPIKO OpOIGHE TOVG dEV UTOPEL VO ODGEL LETPCIUO AOTEAEG LA, KaOMG Ta oot eEacfevoiv
AOY® NG aVTIGTOONG TOV CTPOUATOV TOL HEGOANPOVV HETOED TMV NAEKTPOSI®V KOl TV VEVPOV®V

[4],[33].

Aoppdavovtoag vroyn o aveotépm eivol 0Koro va katovondet 6Tt 1 Katayeypopupévn dpactnpdtra
o€ £vo LEPOG TNG EMUPAVELNS TOV KEPOALOD TTEPLEYEL TANOOG SLOLPOPETIKAOV EPYUTLDY TOL GLUPaIvOLV
™V 1010 ¥pOoVIKN oTLypn o€ dtdpopa onueia. Zovnbwe, 10 TAGTOG TOV KOTAYPAPOUEVOL GNHOTOC, TO
omoio oyetileTon e TV €KTOON TNG KOTOVOUNG TOV OTNV EMPAVELL TOV KEPAALOVD, KUUAIVETAL PHETOED
0.5uV ka1 100uV. Avtd onuaiver 6t givarl mepimov dvo taéelg peyébovg pikpdTepo amd ta TLTIKG
OT|LLOITOL TTOV KOTOYPAPOVTOL LLE NAEKTPOEYKEPAAOYPAPT L [34].

Qo61660 VIdpyovY Kat Ta Suvapka Tov oyetiCovral pe yeyovota (Event-Related Potentials - ERPs) kot
etvar dtapopéc duvapukod mov katoypdgovtal otav o eEetalduevog eKTIOETOL G CLYKEKPLUEVOL
epebiopata katd TN ddpKel OOKILAGIOV. AVTd To SuVAIKAE oyetilovtal Le To avtioToryo epédicua 1
yeyovog, eite ecmtepkd gite e&mtepiko, 1060 og emimedo ypovov (time-locked), 660 kot g eninedo
eaong (phase-locked). H ypovikny cuoyétion onpaivel 0t 1 amdkpion UeaviCeTor 6€ YEVIKES YPOUUES
ne v 1010 Lope1 o€ dedopévo YpOVO UETE TNV TOPOLGIN TOL €PEBICUATOS, EVD 1| PACIKT CLGYETION
glval o «avoTNPN» Kot LTOSEIKVOEL OTL 1] AOKPLoT £XEL TNV 1010 PhoT oe oyéon pe To epébioua Kabe
@opa. Avti 1 JpacTNPOTNTA, TOL &ivol cLYYPOVICUEV TOGO GTOV ¥pdvo OGO Kot oTn @don,
avaQEpeTol oG «pokAnti» (evoked) kot tor duvapukd mov oyetilovial pe yeyovota givol gupémg
YVOOTA O TPpokANTa duvoutkd (evoked potentials) 1 ITA. [3],[4],[33]

Mo va aglomomBobhv cmwotd o TPOKANTA SLVAPIKA GTNV £PELVA TNG EYKEPAAIKNG KOl VONTIKNG
Aertovpyiog, tvor onuaviikd va AneBodv vdyn mapdyovteg Onmg N eokeiwon Tov 0TOUOV HE TO
ep€diopa, 1 KOmwon, kabmg kot ot e€mtepikég Kol ecwtepikég cuvOnkes. EEmtepucol mapdyovieg,
Ommg 10 TEPIPAAAOV, Kol E6MTEPIKOL, OTMG 1 YLYOAOYIKT] KATAGTOGCT TOL £EETALOUEVOD, UTOPOVV VL
EMNPEAGOLYV TO ATOTEAEGLOTA.

H mapovoia evoc eEmtepikov epebicpatog dev Tpokalel LOVO TAPAY®YN TPOKANTMOV SUVAUIKAOV, OLL®OG,
aAAG 00Myel Kot otV VIapEn oXETIKOL UE TO YeYOVOS Guyypoviouov (event-relates synchronization -
ERS) 1 anocvyypoviopot (event-related desynchronisation - ERD) [35]. H «0Opwo dropopd peta&d
AVTOV KOl TOV TPOKANTOV SUVOIKOVY, €ivol OTL V@ To TPOKANTA duvapukd sivar time-locked kot
phase-locked, o cvyypoviopdg kot amocvyypoviopuds eivar povo time-locked [36],[37]. Avt 0
dpaotnpomro  ovopdaleton emayouevn (induced). O ovYYPOVIGUOS KOL O  OITOGVYYPOVIGHOG
AVAPEPOVTOL GTN CUUTEPLUPOPE TANOVGUDV VELPOV®V Y10 KATOL0 GUYVOTNTO KOl KATO TOCO 0VTH £ivat
avénpéva N HEtpEVE cuYxpovicpévn Kal, pdAota, uropel va eppoviotel tavtoypova ERD kot ERS
Y10, SILPOPETIKEG GLYVOTNTEG GE OLOPOPETIKES TEPLOYESG TOL €YKEPAAoV [35]. Mabnuatikd, n dmapén
GLYYPOVIGLOV/ATOGVYYPOVIGHOV GE Kdmola cuyvotnta opiletan pécm g vmapéng Betikng, Yo ERS, 7
apvntikng, Yoo ERD, xopueng oty 160 Tov onpatoc.

6.3. Baowoi PvOpoi Eykeparoypagiportog

To nmiextpoeykepaloypapikd onua Saympiletar e pvOUoLg avdioyo pe To €0POg NG PACIKNG
oLYVOTNTOG TOV KLUATOV TOL. YTapyovv mévie kvuptot pvBuoi, T@v omoimv ot {dVeg cLYVOTATOV
EMKOADTTOVTOL HETOED TOVG, LE TOV dloymplopd vo. gival kupimg npoceyylotikog [29],[4],[33]. Tm
OLVEYELD, TAPOLGLALOVTOL TEPIMNTTIKG pe Kamown Pacikd ototyeio tovg. A& mPocoyng eivar M
apvNTIKN oLoYETIoN HETaéD TAATOVE Kol GLYVOTNTOG TV Kuudtwv [35].
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6.3.1. PvOpég a (alpha rhythm)

Alpha

Eixova 12 PvOuog a

Iotopikd o puBuds o amoxaieiton kat kopato Berger mpog tunv tov Hans Berger, o omoiog fjtav o
TPOTOG TOL TO, MEPLEYPAYE OTOV EPNVPE TO MAeKTpogyKeQoroypdonua to 1924. Eivar o mpmdtog
EYKEPAAIKOG puOUOC oL Kataypdenke otov dvOpwmro [38].

To mo cvyvd avapepduevo e0pog Tov eivon oto 8-13Hz [33], av kot pmopei va mapotmpndei Kot
OYETIKT KOPLON G€ GLYVOTNTEG TOV aviKovv o€ GAAeg (dveg dnmg ota 20HZ kot ta 75Hz. To mAdtog
o0v cuwBwg oev Eemepvd T S50uV),,. EpeaviCetor kupimg otig omichieg kot wiokég meployés Tov
EYKEPALOV, EVO UTOPEL VO KOTOYPOPEL KOl GTOV HETOTIO0 AOPO KATO TNV KATAGTOCT YOAAPOOTC.
[30].[4]

O pvOuog o pmopel mepattépm va ymp1Lotel o€ 6O VITOKATNYOPieg TOVS PLOUOVG W KO T:

- Pvbuog p (mu rhythm): Avtictoget oty kevepikn meployxf g {dvng o Kot 0popd Tov Hutko
Kot Tov cmportoaictntikod erod. [29],[4],[39]

- Pvbuog T (tau rhythm): EpeaviCetar mepimov oto 10Hz xon oyetiCetar pe tov kpotagikd AoBo.
I'evika, e&acbevel Aoyw axovotikdv epebiopdtov. [4],[39]

H dmopén éviovng dpaoctnpidtrog o o11g petomiaieg neployés cuvibmg oyetiletor pe Kotdotoon
YOAApOONG, VD eupavileton emiong pe TO0 KAEIOWO TOV HOTIOV OTIG OTiGO1Eg KOl WIOKEG TEPLOYES
[30].[4]. Kavovikd 1 dpactnpiotnta avth Teptopiletan te 1o Gvorypua TV Hatidv, Ty €ypRyopon, ™
oKEYN KoL TNV TPOYLOTOTOINOT) OTOGONTTOTE YVMG10kNG epyacioc. Exet mapatnpndel 6ti 0 oTIopnog
vroPaOpov (background illumination) pumopei va peidoet To TAdtog Tov [29].

6.3.2. PvOpég p (beta rhythm)

Eixova 13 Pobuoc f

To €bpog ovyvotHt®V TOL gival mepimov 14-26HzZ, ®oT1060 avagépeTon cuyva OTL EUTEPIEXEL TIG
ovyvotnteg péxpt kot ta. 30Hz ko pmopel va yopiotel mepartépm oto XapnAid Kopoata Brta (14—
16 Hz), ta Kbpata Brito (16.5-20 Hz) kot to Yynid Kopata Brito (20.5-26 Hz). To nAdtog tovg dev
vrepPaiver ta 30uV kot gppaviCeton kupimg o petomiaicg Kot kevepikég mepoyés [40].

Eivar o pvOudg mov emkpatel étav 10 dTopo €lval o€ KOTACTOOM €YPYOPONS KOl £XEL TOL LOTLOL
avouytd [4],[33]. ZyetiCeton Aowwdv pe v oavénuévn eypriyopon, TNV TPOCOYN Kol THV ETIAvon
npoPfinuatov [39]. Emiong, o pvbudc P umopel va eu@aviotel 6€ KOTAOTAGELS TOVIKOD, VO 1
dpacTNPLOTNTA GTOV KIVITIKO PAOLO GYeTICETON LE TNV TPOETOAGIN Yol Kivnon €lTe TPAYHOTIKY| €l
oovtaotiky [41].
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6.3.3. PvOpég y (gamma rhythm)

Gamma

Eiwxova 14 PvOuoc y

Qg pvOuog v yapaktnpifovrar 6Aeg ot cuyvotnteg ave twv 30Hz. To mAdtog Tovg elvar yoaunid Ko
Kataypdeetot Kupimg oty kevrpopetoniaio (frontocentral) meproyn tov eykepdiov. [4]

Kataypdeetar oyetikd omavia [4] ko oyetifeton pe v aviiknyn kot v ypriiyopn eneepyoaocio
mnpogopidv [35]. Emumhéov, eppaviletal katd v evolloyn HETOED S0POPETIKOV EPYUCLOV KoL
oV TapAAANAN enelepyacio TANPOPOPLDOV, OOV EUTAEKETOL CTLAVTIKA 1) BpoyvmpodOecun pviun.

6.3.4. PvOpég o (delta rhythm)

Delta

Ewova 15 PvOuog 6

Ta kopata 6 meprypdotnkav apywd amd tov Willian Grey Walter v dexaetio tov 1930, otav
Bedtimoe T0 MAekTpogykeaAloypdonuo Tov Berger kou katéotn Svvathy M kataypoen tovg [42].
[TeprhapPaver mepimov 10 €0pog 0.5-4 Hz, dnAaon mpaktikd OAEG TIG GLYVOTNTES KAT® TG {DVNS o Kot
TO TAGTOC TOL UTOPEL VoL QTACEL PéEYPL TIG HEPIKES ekaTovTaoeg uV [4],[33].

Epopavietar kvpiowg oe katdotoon yoAdpoong 1 VIVOL KOl KOTAGTEAAETAL OE KOTOGTAGELS
avatopoyng M eypnyopons. Avtdg o pvbudg amoteAel tov Pactkd pvOud €wg to de0TEPO £T0G TNG
nikiog tov avlpomov. EmmAiéov, peréteg €yxovv deiéel avénon tov pubuov & katd TV ekTédEon
vontikov depyaciov [43], [44], [45],[46].

6.3.5. PvOpdg 0 (theta rhythm)

Theta

Eixova 16 PvOuog 0

O pvOude 0 Bewpeiton 6t mpoépyeton amd tov BdAapo. H mpodt avagopd yioo Kavovikés apyec
TOAOVTOGELS TOV IMIOKAUTOL £yve To 1938 ywpic woTdG0 TN dvvaTdTnTo TEPAUTEP® dEPEVVNONG AT
toug apywovg mapatnpntés Jung ko Kornmiiller. To 1954 éywav dwbéoiueg meplocdtepeg
mAnpogopieg xapn otv Aemtouepn épevva twv John D. Green xai Arnaldo Arduini. O pvBudc 6
neprlapfaverl o vpoc cuyvotitov 4-8 Hz kot o mhdtog pnopei va gtacetl o, 100uV [47]. Adym g
TPOELEVONG TOL KaTaypapeTat Kupimg and ) péon petomaio (frontal midline) nepioyn [48].
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Yyetileton pe ™ onuovpykoOTNTA, TN OlaiicOnon, v ovelporndAnomn katl ™ eovtacioon. Ta kouato 0
€lVOlL 1IoYVPA GE KOTAGTACELS OT®G €ivatl 1 XAAGP®OT, 0 S10A0YIGHOG Ko 1 avakinon [4].

6.4. Anqyn Xnpotog

Electrode Measured potentials
for each electrode

Processing

Amplifier

Eixova 17 Xdotnuo. kotaypogpng nAektoeykepaioypapnuotos
To cvotua Katoypaeng evOc NAeKTpogyKePaLoypappotog teptlappavetl ta e&€ng [30],[33]:

o Hlextpododia xataypagng

e Awrtdelg evioyvong kot GATpopicaTtog

e Atdtoén petatpomng avaioykoynelakov ocnuatog (A/D converter)
e  YVOTNUO Y10 KATOYpapn, AmobKeLoT Kot TPOPOAT LETPT|CEMV

e IIpoatpetikd cuoTNUA YOPNYNONGS EPEDIGLATOV

6.4.1. Avudkacio

H xotaypogn tov ofuatog yio 10 nAextpoeyke@aroypdonuo ommpiletor otn O1popikn evicyvon
(differential amplification), tov onuatog peta&d Vo Miektpodiov. Kdabe evioyvtmc Slopopikig
evioyvong aviiotolyel o Eva kavait kataypagns [34] kot £xel 800 £16000V¢ (OVAGTPEPOVGO. KOl LN
avVaoTPEPOVOA) Yo NAEKTPOOL, TOL cuvBETovY pia amaywyn. To chvoro TV amoymydv omotelel Eva
povtal. Ymdpyovv moALG €i0m povtal, ta omoio meEPLYypAPOVTAL TOPUKAT®, TO OTOI0L UTOPOVV VO
EMOPAGOVY GTOV TUTO TNG OpacTNPOTNTAS otov omoio Bo 000el Eupaon pécwm NG OPOPIKNG
evioyvong. Il oavorvtikd, wémowo €ion povtdl eotidlovv otV avadelln oOpacTnPlOTNTG
EVIOTICUEVNG GE o 1 TOAAEG ePLoyEG, v A €101 aAVAOEIKVOOLY KOAVTEPO OPACTNPLOTNTO TOL
elval eVPEMG KATOVEUNUEVT] GTNV EMLPAVELD TOV KEPAAOV. AV dAa Ta NAEKTPOOI0 TOV €lvarl dtabéotua
OUCYETIOTOVV WE OMOOVONTOTE TPOTMO UECH® TNG EMAOYNG TOV OVOPOPDV, M OVOKOTOCKELT
omotovdnmote povtdl sivan duvatn. A&ilet, Télog, va onueliwel 6Tt Katd TN SdpKeLn TNG KATOYPAPNS
umopel va ypnoomomBet Eva emmALoV NAEKTPOSIO YEIMONG Y10 TOV OPIGHO OVAPOPAS TNG UNOEVIKNG
tdong tov onpatog [30],[33].

Ta kvprotepa povtal mapatibevral otn cuvéyelo [34]:
e Awmolké (Bipolar): Kabe amoaywyr avtiotorel oe éva (g0yo¢ YEITOVIK®OV NMAEKTPOdimV, T

omoia pumopovv va opilovtar gite kKatd tov opiloviio d&ova (Tpdcbio - omicho), site Kot TOV
eykapo1o (aprotepo - 0e€10). Ta (edyn avtd ivan dapBpwuéva o poper aAvaidag, émov kdbe
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NAEKTPOO10 TOV GUVIEETAL GTNV AVAGTPEPOLGO £I6000 EVOG EVIGYLTY £lvarl EMioNG GVVIESEUEVO
HE TN UM OVOGTPEPOLGO €10000 TOV EMOUEVOL EVICYLTH. ALT 1 OloHVOEST] KOOoTA TO
OumoAMKd povtdl o KaTAAANAG Yio TNV aVAAVOT TOTMIKNG OpAcTNPLOTNTOC, EVO TOPAAANAL
OTOPPITTOVY GTLOLTA TTOV KOTAVELOVTOL GE EVPVTEPES TEPLOYES.

e Kowo0 niektpodiov avapopdc (Common electrode reference): Xe avty v teyvikn, éva
OLYKEKPLUEVO NAEKTPOSLO YPNOLOTOLEITAL G KOWVY BAOM avapopdg Yo GAOVG TOVG EVICYLTES.
AVt N TPOGEYYIoN Elvol 1O10UTEPA ATOTEAEGILATIKT Y10l TNV OVIYVELGT EVPEMS KOTOVEUNUEVG
dpaCTNPLOTNTOS, EVM TO, CTLOTO TOL KATOYPAPOVTAL EXOVV HEYAAVTEPO TAATOG, e€outiag TV
AVENUEVOV ATTOCTACEDV UETAED TOV MAEKTPOSI®V, GLYKPITIKA HE T UEBOSO TOL SUTOAIKOV
povtal. H 0éon tov niektpodiov avapopds umopel vo emAéyeton 1060 amd TNV TEPLOYN TNG
KEPAANG 660 Kot amd mePLoyEG €KTOG aTNG. 1davikd, To NAektpddlo Tonobeteitan oe onpeio
omov emikpotel Mpepio Kot mwopotnpeitol €AAYIOT MAEKTPIKY OpACTNPOTNTA, OTWOS Ol
LOOTOEOELS amo@Uoelc N ot AoPoi twv avtidv [30].

e M:éonc avagopdc (Average reference): Xe avti ) pébodo, 10 onuo kabe MAekTpodiov
OLYKPIVETOL LE TO GLVOAIKO GBpolcHa TV oNUdTOV OA®V TV NAekTpodiov. Me avtdv Tov
Tpomo, 10 onuo kéBe nAiektpodiov oavtimapoPdiietor TOGO PE TO GLAAOYIKO ONUO TOV
vroAoinmV 660 Kot pe To d1kd TOL oNpa. AVt 1 TPOGEYYIoT ivat WwiTEPO KATAAANAN Yo TNV
aviVeLoT KoL TNV AVAALGT dPOGTNPLOTNTOG OV EKTEIVETUL GE EVPELEG TEPLOYES.

o Avogopdg otabuopévov pécov (Weighted average reference): Avtd 1o povtdl amotelei pia
TPOTOTONEVN €KJOYN TOV HOVTAL péomng avapopdc, pe 0o kopieg dtapoporomoets. [pdtov,
To. NAEKTPOOL deV GLUPAALOVY 1GOTILE GTO GNUA avOPOPAS. AvtiBeta, To NAEKTPOSIAL TOV
Bpiokoviar mo wovtd o100 vwd eEfTaom MAEKTPOdIO €yovv peyoAldtepn ovvelseopd. Ot
ouvteleoTéG Papovg yoo T ovpPoin kdBe MAEKTPOSIOL UTOPOLV VO TPOGILOPLGTOVV
ponpoatikd, AapBavoviag veoyn TG TPAYUATIKES OTOGTAGES Ond TO KEVIPIKO NAEKTPOO10,
oLV BmG L TPOTO AVTIGTPOP®G avdAoyo ¢ andotacns. H devutepn dwapopd sivar 6tt To onpa
0V Pacikod NAeKTPodiov, dNANSYT] TOL NAEKTPOSIOL TOV GUVIEETAL LLE TN OEVTEPT €1GOO0 TOV
JPOPLKOD EVIGYVTY], OEV TEPIAAUPAVETOL GTOV VTOAOYIGILO TNG OVOPOPAS Y1 TO CLUYKEKPLULEVO
KavaAl. Avto 10 pHovtdl sivorl mo KatdAANAo Yo TV avadelln EVIOTIGUEVIG OPACTIPLOTITIC,
o€ GUYKPLOT HE TNV ATAN LEGT OvVaPOpd.

e  Méong avapopdc mpoéhevong (Laplacian — source derivation): Xto povtal avtd cto onpa
avoQopds oLVeEGPEPOLY POVO Ta YEITOVIKA mMAekTpodw. [a avtéov tov AOYo Paocikod
LEWOVEKTN O VTG TNG 1eBOdoL givar TO mePLOPIGHEVO €XPOg NAEKTPOSI®V OV UTOPovV v
YPNOLOTONOOVV GTO OPLL TWV TEPLOYDV KAADYNS TOL KEPOUALOV.

Avagopikd pe v evioyvtikn dtdtoaén [34], avth npénel va tAnpoi kdmotec Pacikég mpodmobécelg mov
VIApYoLV Yo Kabe Proevioyvtn [49]. Apyikd, o evioyvtig dev mpémel va. emnpedletl T dladikacio Tov
Kataypdeetal, vo  mopapopemdvel eddytoto  (18avikd kabolov) To onua, Kor va  dtoyopilet
amoteAecuaTikd T0 emBountd ofua ond tov B6pvPo. EmmAéov, elvar onupovtikd vo mpocotoTevel
TAP®G ToV EETALOUEVO amd KIVODVOLG AOY® TOV NAEKTPIKOV PEVUATOS 1] TOSIKMOV DVAMK®V 0AAE KoL VoL
TPOGTATEVEL TNV 1O10 TNV d1dTasN.

EwWwotepa, dtav mpokettot yuoo St0TaEn Kotaypapns ETLPAVEINKOD NAEKTPOEYKEPUAOYPUPTLLOTOG, TO
TOAD LKPO TAGTOG TOV TAPOYOUEVOV CNUATOV, TO 0m0l0 GLVHOWME KVPOIvETOL amd UEPIKES OEKAOES
NV péypt Myeg exotovtadeg puV [33], amartei vynho képdog evioyvong éwg ko g TeEems Tov 10* [49]
Kat TOAD yapmiod Bopvpov [33], pe Adyo amdppryng kool ofjuotog tovidyiotov 100dB [49]. O
00pvPog ag d1dtaéng uropet evkOA®S va Ppedel PpayvkuKA®VOVTAG TIC E10000VC TNG Kl LETPDVTOG
mv taomn e£6d0v. Télog 1 avtiotoor 16650V Tpénet va. givar TovAdytetov 100MQ [30].
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Yxetikd pe 10 medio ovyvoTTOC, Ol OTAEES Yevikd oyedidloviol pe OKOTMO Vo OmMOKOTTOVV
ovyvotteg kKatm omd 0.5HZ ko méve amd 70HZ, 51011 £vidg avtdv TV opiov eivar OAEG 01 KAVIKOG
ypnoueg ovyvotnteg [4]. TIo avadvtikd, amotteitor 1 ypNon VYmePATOL QIATPOL UE GLYVOTNTO
amokomng yopw ota 0.1-0.7Hz yio v e€dAenymn cuyvotitov Tov Tapdyovtal omd depyacieg Omwg N
avamvon, kot 1 ypnon Pabvrepatov eidtpov pe cvyvotrto amokomng omnd 40Hz péypt kat 1o ed tov
pLOUOY detypoToAnyiag, £Tol MOTE v Uy epEovVioTodv eowvopeva avadiniwong [33]. Téhog, yio v
amdppLY”N TOV TAPEUPOADY AOY® GLUYVOTNTAG TPOPOOOGing Lropel va yxpnoyorombel Eva otoyevpévo
Covoppaktikd @idtpo [4]. e enduevo 6TAd10, HETA TNV YNOLOTOINGT TOV GNUATOC MITOPEL va Yivel
xpNon ynoewkov eiltpov [33]. T'a mv ynetonoinorn tov onuatog cuvictdrtal ypron petatporéa A/D
TovAQyotov 12bits pe avdaivon 1o Ayotepo 0.5uV [30]. Avtovonto Oswpeitoanr to yeyovog 0Tl M
ovYVOTNTA dELYHOTOANYi0G Tpémel vo. tkavomotel To kpitipto Nyquist, dniadn vo givar tovAdyiotov
duAdota TG HEYIOTNG cuyvOTNTOS oV avaivetat. Tlapadeiypatog yapv, av Bewpnbet 6tL T0 YpHoIUO
evpog Ldvng etaver péypt mepimov ta 100Hz [50], tote M eldyiotn cvyvOTNTA SELYUATOANYING TOV
arorteitan Oa etvon 200Hz.

6.4.2. E€omhopdg

[Ma ™ Ay 10V NAEKTPOEYKEPAAOYPAPTLLOTOG YPNCILOTOLOVVTOL NAEKTPOSIO T 0ol TomofeTovvTal
070 KEPAAL YTAPYOLV d1APOPOL TOTOL NAEKTPOSI®V, T TUTIKG S1GKOEWN] , TO NAEKTPOSIO, ANTOVYOV
dwAvpatog kot ta  MAektpddww  Perovag. Extog amd  pepovopéva  mAektpddin  cuvnbmg
PN CLLOTOLOVVTOL Ol KAGKEG NAEKTPOdimV, 1taitepa dtav amotteital peydAog aptduog niektpodinv
yw tv Oeknepaioon plog  pétpmone. et Aym tov  ovpPaTikKoy  EMUPAVELRKOV
NAEKTPOEYKEPAAOYPAPTLATOS, GLVIOM®G YPNOIUOTOLOVVTOL NAEKTPOSLL ALPYVPOL/YADPLOVLYOL aPYDPOL
(Ag/AQCI) pe dapetpo 1-3mm [30],[4],[33]. H avtictoon emapng peta&d niextpodiov Kot dEpUATOS
npénel va givor pukpotepn amd SKQ kat 1 dtapopd thg pnetaéd v NAEKTPodinv dev Tpénel va Eemepva
10 1kQ [4]. Tw tov Aoyo owtd, sivar cuvnbiopévo va kabopiletor o dépua kot va gpapudleton
niextporvtiky arowpr] [30]. TovnBwg ot dwatdéelg Tepthopfdvovy chHoTNHO EAEYXOL TNG OVTIOTAGNG
™G EMAENG NAEKTPOSTIOV-OEPHATOC, TO omoio PeTpd TNV avtictaon Kabe (edyovg nAekTpodinv pécw
™G 010ETEVONG LKPNG TOcOTNTOC pevpatog [33].

H tomofBétmon twv mAektpodiov otoyevel otnv kKdAvyn ¢ HEYIOTNG OLVOTNG ETIPAVEINS TOV
ke@oaho¥ [33]. Tlapd to yeyovog 6tL 1 avénon tov aplfuod TV NAEKTPOdimV PEATIOVEL T YOPIKN
avaivon [34], €dv dVo niektpoddia givor TOAD KOVTA, 1 dPOCTNPLOTNTO TOV KATaypdeovy yivetor OAo
Kol o opota. Avtifeta, n adénon g andcTaong Hetad dVo NAEKTPOSI®V EVIGYVEL TN O10LPOPA TOL
ONUOTOG OV KOTAYPAPOLV, KATL TOL YiveTal EULPAVEG HECH OPOpIKTg evioyvone. Tlap’ 6Aa avtd,
otav 1 andotaon vrepPaivel to 10 cm, N emmAéov adHENGT deV TPOGOEPEL GNUOVTIKY PeATiOON GTO
TAGTOG TOV peTpoduevov onpatog [34]. AAwote, av 1 aroctacn HETaED ToV oNUElOV KOTOYPOENG
elvar peyaAvtepn amd TV €KTOoN NG OpaocTNPOTNTOS TOV OVIXVEVETAL, WUTOpEl vo. TpokAnOel
vrodetypatoAnyio (undersampling), kdti mov odnyei o ywpikn avodintiwon (spatial aliasing).

Oocov agopa T1g Bécelc TomoBETong TV NAEKTPOSIMY, GTO TEPACUO TV YPOVOV £xel mpotobdet
mAN0og mpoTHT®Y, UE TO. MO YVOOTA vo. givor o ovotnua 10/20 [30],[33], to omoio givar kat to
ovvnBéotepo, to 10/10 1 10% wou to 10/5 1} 5%, ta omoio €xovv mo mukvy tomoBétmon [51],[52].
[TBavo eivon emiong vo EQAPUOGTOVV d1EPOPES TAPOUAAAYESG TV CLGTNUATOV OVTMOV UE TNV TPOCHNKN
eMMAEOV NAEKTPOSI®V.

Yopeova pe to ovotnuo 10/20, n emedvelo Tov KEQOAOL dtapeital PACEL TOV AmOGTACEOV HETAED
TOV TEGGAPOV GNUEIOV avapopdc, ta omoia gival to piloppivio (nasion), to wio (inion) kot to dvo
npomtiaio onpeio (preauricular points). Kabe niextpodio €xel éva povadikd Ovopo avaioyd pe T
0éom otV omoia TtomoBeteitan. To dGvopa amoteleitar amd Eva 1 Vo YPAULOTH Kot akoAovBeiTal amd
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évav aplBpd N to ypaupo z. To apykod ypappo vaapyetl yio va yopoktnpilet tov Aofo 1 v meployn
TOV KEPUALOD OO TNV Omoiol TO MAEKTPOSIO KATAYPAPEL, GLYKEKPLUEVA elval TpoueTmmaiog (pre-
frontal - Fp), uetomaiog (frontal - F), kpotaeikdc (temporal - T), Bpeypotikog (pariental - P), wiokog
(occipital - O) kot kevipikn 0éon (central - C). Otav 10 dvopo evog NAEKTPOSIOL KATAANYEL GTO
AOTIVIKO YPAUUO Z, onuaivel 0Tt To NAEKTPOO0 givan TomoBetnuévo otnyv ypouun mov opilovv 10
p1loppivio Ko to wio. AviiBétmg, otV Ypouun HETaED TV 000 TPomTIai®V onueinv Totofstodvral
ta. T3, C3, Cz (mov eivon mave otnv topn tov 6vo a&ovav), C4 kar T4. Eni tov kdkiov pe k€vipo 10
Cz kot aktiva to T3 tomoBetovvton ta F7, Fpl, Fp2, F8, T6, O2, O1 kot T5. To F3 tomobeteitan €161
wote va wonéyel and to F7, Fz kot va PBpioketar ent Tov kOKAov pe kévipo 1o T4 kou axtiva ion pe
v anmoctaon petathd T4 ko C3. Téhog, ta F4, P3, P4 tonobetovvror cuppetpikd tov F3 ¢ mpog
oG Ov0 d&oveg mov opilovtal amd To onueic avaeopds. evikd, ot mepirtol (dptiol) apBuol
avTIoTOY0VV 67O aplotepd (0e&l) nuiceaipto.

Eixova 18 Xootnua 10/20

Ot mopomdve ovopacieg 0eV LETOPEPOVTOL AVTOVGLEG GTO. GLUGTILOTH TOV OTOI®V 1 YPNOY| amorTel
peyolvtepo apBpud niektpodiov. o mapddetypa, ta niextpodia T3, T4, TS kot T6 petovopdalovran
oe T7, T8, P7 ka1 P8 avtiotorya [53]. EmmAéov, oto cvotnua 10/10 &xovv etcoybel véeg ovopacisg yio
TOV YOPAKTNPICUO TV emnpochetwv BEcewv mov 1GdyovToL avAapesa 6Tl BEGEIC TOV GLOTALOTOG
10/20 [53]. Ot Béoeig avtég givar o eunpocbopetomiaieg (anterior frontal — AF), ot kevtpopetmmiaieg
(frontocentral — FC), ot petomokpotapikég (frontotemporal — FT), ot omicBokpotagikéc (temporal
posterior — TP), ot kevtpoPpeyuatikéc (centroparietal — CP) kot o1 Bpeypatoiviakéc (parieto-occipital —
PO).
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Nasion

Left preauricular Right preauricular

Inion (17}

Eixova 19 Xootnuo 10/10

6.5. Emelepyaocio Xpatog

6.5.1. llpocnetepyacio Acdopévav

H mpoeneepyacio givor n dradikacio TG HETATPORNG EVOG OKATEPYAGTOV (FAW) GILLOITOG GE LOPON M
omoia €ivol KOTAAANAN Yoo TEPALTEP® OVAALGY KOl EPUNVEID GO TOV XPNOTN. TNV TEPIMTMOON TOV
NAEKTPOEYKEPALOYPOAPNLOTOG, I Tpoenesepyacio cuvNOWE avaeepeTor otV agaipeon Tov BopHov
amd To dedOUEVA UE OTOYO TNV TPOCEYYIOT| TWV TPUYHATIKOV VELPIKOV onudtov. To onfua epeavilet
oLYVE TOPOUOPPDOGELS, 0L AOYolL T®V omoimv umopobv va ta&vounBovv ce 600 Katnyopies, TIg
QLGLOAOYIKES Ko TIG TEXVIKES [34],[54],[55].

Ot puoloroyikég artieg ovopdlovial EMmAE0V E6MTEPIKEG 1| PLOAOYIKES KOl OQEIAOVTAL GE NAEKTPIKA
SUVOLIKG KOl KIVAGELS TOL opyoviopol. [ mapddstypa, n kivnon Tov copoTog Kot €101k 1 kKivnon
G KEQUANG OMOTLTTAOVETOL OG dpactnpotnTa 6t Ldvn 6. H poikn kivnon aroturmveton kuplog og
oLVTOUN XPOVIKA KOopLeN ot {dvn B, evd N epedvion g Kot otn {ovn a etvon mBavn. Tapdderypa
LLE 10104TEPO EVOLOPEPOV ATNG TNG KoTnyopiag gival 1 kiviion Tov petdmov [54],[55], mov cuvdovalet
YOPOKTNPIOTIKA TOCO COUOTIKNG OG0 Kol HVIKNG OpacTnpuotnTag Kot epgaviletor kvping oe
ouyvomteg avo tov 13 Hz xor devtepevoviog ot Lovn 8. 'Eva dAlo mapddsrypo g 1d10g
Katnyopiag givatl to o@i&o tov cayoviov [54],[55] mov eppaviletan otig ave tov 13Hz cuyvotrec.
H xivnomn tov nlextpodiov mov mpokaAodviot amd TOLG TUALOVG TG KAPOLAS ATOTLTMVETOL KOl VTN
ot Lovn 0. Ot opBaipiéc atédeteg, dNAadn TOG0 TO KAEIGIHO TV 0POOAUMY OGO KOl Ol KIVHGELS
QVTOV, OTOTEAOVV EMIONG PLGLOAOYIKEG outieg ep@dviong ateleiov (artifacts). Kor ot 600 ovtég
atéheteg epgoavifovrol oTic YaunAég 6 ovyvotnteg kot emmpedlovy Kupiwg To petwmiaio NAEKTPOSIO.
[T ovykekpyéva, 1o dvorypa kot to KAgiowo epeaviouv dpactnpotro piog tdéEng peyéboug
ueyarvtepn [4] tov embountod ofjuotog otic Oéoeig Fpl ko Fp2, evd ot 0@BoAUIKES KIVIOELS
aAllolwvouv Tig Béoeic A Tov Fpl kol Fp2 yia xotaxopveeg kivhioelg kot F7 kot F8 yio opilovrieg
[34], dnuovpydvrog £tot acvppetpio petald tov nuoeapiov [54],[55]. Akdua, N YAOGCOKIVITIKA
atéAeln, 1 omoia Onpovpyeital Ady®m TG Kivnong g YA®GGaS, Kupiog epgovifetor otn petomioio
meployn une opactnpdtmra otn {ovn o6. Xt {ovn o epeaviletor air n - avoamvor] ®¢ puOuikn
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dpaoctnprotnra. Térog, Kot 0 10pmdTOG amotelel oNUavTiKO Blodoyikd aitio ateAel®v Kabhg eUmTAEKETOL
oTNV ENOEN HETOEL SEPLLOTOG KOl NAEKTPOSTOV.
EEG

Mt Ay

Eye-movement n
-./\M/-‘*"—-‘Hrrv—“\/‘
Eyeblink
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Eixova 20 Aoywprouog onuotos HEL oe onuata avoioywg we tyyv anyn toog

Observed EEG signal

Ao Vv GAAN peptd, ot texvikéG attiec (ATEAEIEG GLGTHKOTOG 1 UN-PVOIOAOYIKES) eppavilovtatl Ady®
NAEKTPIKOV TYOV TEPOV TOV cOpatog Tov e€etaldpevov. Avtég pmopel va mepthapfdavovy v
mapeuPoln Tov oeeileTarl 6TV NAEKTPIKN TPOPOd0Gia, TIG AVEOUEIDGELS TNG OVTIGTOONG TNG ETAPNS
HeTall OEPUATOG KOl NAEKTPOSIOD, TIC UEYAAES S10POPEG HETAED TOV OVTICTAGE®V Y10 SLOPOPETIKY
NAekTpOOLa, TO TPOPANUATO/KIVAGELS TV KAA®SI®VY, Tov B0pLo amd To NAEKTPOVIKA EEQPTALOTOL, KO
TNV OVETOPKT) TPOPOOOGIaL.

H ocvyvomta kébe kvpatopopeng mov ep@aviCetor 6To ofua Kot UTopel va epunvevtel oG atéAsto
&xel 10waitepn onuocio, KaBdg £xel dueon cvoyétion He To aito gpedviong mge. [Hapddsrypo ivor ot
atéheleg ot (dvn & ko daitepa mepimov oto gvpog 0.8-1.7Hz (60-100bpm [56]), To omoio gival to
TUTIKO €VPOG GLYVOTNTOS TOV KOPIK®V TaAudV. Emopévmg, n cuyvomta mailer moAd onuavtikd
poLo oV e€aymyn g ¥PNoWNS TAnpopopiag and to apywd onuo. o avtdv 10 Adyo €va amd T
Baocwotepa otdow emeEepyaciag eivar M avdivon oto medio TG ovYVOTNTOG HE YXPNON TOV
Metooynuaticpot Fourier (FFT), péoo tov omoiov pmopel va Anebei to @dopo 1oyvog (power
spectrum) kot vo yiver HeAEn twv dapopeTik®v {ovov cvyvotitov. I'evikd, o FFT gvogikvoton ya
avaivon otdomyv (stationary) onudtov kat oyt un otdomy (non stationary), katnyopia otnv onoia
aVNKEL Kol To nAektpoeykeparoypdaoenua. [Tap' 6ho avtd, ypnoyonoleital vpémG Yo OVTOV TOV
OKOTO, AP OTN UEYOAN TOL TOYVTNTO YO EQPUPUOYES GE TPAYUATIKO YPOVO KOl GTNV EVKOAN TTOL
mopéyel oV avaivon (ovov cvoyvotntov. H evoAloktikh, KotaAAnAOTEPN, TEYXVIKN Y10 OVAALGN
onuaToV 1oL dgv gival otdopa ivar o Metaoynuatioudc Kvpatidiov 1 Wavelet Transform (WT), o
omoilog £xel amodeybel 6Tl eivon Mo amotelecpoTiKOg otnv xpnon eneepyacioc onuatoc HED dtav
npokertal yo. S1dyvaon achévelog [57].

Mo mv aeaipeon tov Bopvov, pio amdn Kot S1dEdOUEVT TEXVIKT €ivar 1 epapuoyn {ovomepatdv
eiATpov, o omoio emttpémovy Vv O1éAevon pioag {OVNG GLYVOTHTOV Kol OTOKOTTOLV TO VITOAOLTO
onuo. QotdG0, 1 TEYVIKY OVTI EUTEPLEXEL TO UELOVEKTNIOL OTL 1] OTOKOTN 1] O)l TOL GUATOG YiveTOoL
aveapTNTOG TPOELELONG, EV VTLAPYEL, ONANOT, TPOTEPT YVAOOT Yot TO av givart emBountd onpa 1 av
etvan BopvPoc. T Tov Adyo avtdv, 1 xpnom Kot GAAOV TEYVIKOV gival amapaitntn pe okomd va yivel
daywplopudc oNuatog o€ cuviotdoeg [58], dote 1 pelétn g TPoEAEVONG TOVG Va 6TabEL duvarT.

H mhéov yopokmnploTikn TeYVIK] OTOV TOUEG aLTOV €lval 1) OVAALGN OVEEAPTNTOV CLVIGTOCHOV
(Independent Component Analysis - ICA) [4],[58],[59],[60]. H puébodoc avtni ypnowonoieital yio Tov
S OPIGUO EVOG TOAVUETAPANTOD GNUOTOG G YPOUUUKO GUVOVAGHO GUVIGTOCMY. AVTO EMTLYYAVETAL
pe v vdheon OTL 01 GLVIGTMGES Eival, SUVITIKA, LT YKAOVGIOVO CTLOTO KOl GTOTIOTIKG OVEEAPTNTA
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[61]. Xpnowomotgitonr 1660 Yoo TNV €EAAENYT TOPOUOPPDOCENDY, AVOCLVOETOVTOG TO OHUA OPOD
amokAeloToOV o1 mnyéc mov oyetilovian pe 0opvPo [58], kabmdg wor yw T avdivon TV
OAANAETIOPACEDYV OVALESOH OE OLPOPETIKEG TEPLOYEG TOL EYKEQPAAOVL Kol HeTAED onudtomv
OWLPOPETIKNG  OONG OMMOC TOPAOEYUATOS YOPV TPOKANTOD OUVAUIKOD Kol OpacTnploTnTog
vofadpov. Qotdo0, N YPRON CLTAC TNG TEXVIKNG CLVOSEVETAL OO OPIGUEVOVG TTEPLOPIoUOVG[59].
Apyikd, to péyioto mAnBog TV GLVIGTOG®MV Tov Umopovv va Ppefodv oovtat pe 1o TANOog TV
NAEKTPOSIOV TTOV YPNCUOTOONKAY KATA TNV KOTOYPOPT] TOV CNUOTOC, OAAQ TEPAV CLTOD TOV
TEPLOPICLOD, KOl 1) ETAOYT TOV aKkPIPovg aptBpod TOV CLUVIGTOCMV Kol 1 EPUNVEIN OVTOV OV gival
avtikelevikn. Emmiéov, n epappoyn e nebddov mpoimobétet peydro dyko dedopévov kot Paciletat
otV vVdheon OTL Ol TNYEG TOV GLVICTOODV TAPAUEVOVY o€ otabepés Béoelg péca otov eyKEQOAO,
KATL IOV dgv glvan Tavta akpiPéc. Télog, Omwe avapépOnie Tponyovuévas, N nEBodog vtobétel 6TL Ot
OUVIOTMOEG OEV OKOAOVOOVV YKOOLGLOVT] KOTOVOLN.

ICA decomposition

Independent Components
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activations scalp maps
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Eiwxova 21 Ercéipynon g aviéivons aveloptntwv coviotwanv (1CA)

Oocov agopd Vv avadelln ¢ oxeTikng He TO YeEYovdg dpactnprotntag, mn  HEBodog mov
ypnowonoleital ywoo v aviivon eéaptdtar pe to €idog g [37]. Enueidvetar OtL TO. TPOKANTA
duvapkd avtietoyovv og gpébiopa and dpactmpiotnta toco time-locked déoo kar phase-locked, evéd
0 GLYYPOVIGHOG Kol 0 amocvyypovicpuds eivor povo time-locked wg mpog to epébiopa. H kown Bdon
TOL EVAOVEL TIG dVO aVTEG TEXVIKEG eivar OtL vroloyiletal o pécog opog [3],[33],[35],[37]. H ypnon
avtov otnpileton 6To GTL TO GLVOMKO OO NAEKTPOEYKEPAAOYPAPTLOTOS TTOL KOTOYPAPETOL KOTH TN
Jupkela TG yopnynong evog epebiopatog eumepiéyetl 1060 TV SPAGTNPLOTNTA OV CYeTIlETAL UE TO
epéBiopo 660 KO ALTHV OV €lval AGVOYETIOTN LE OVTO KOl amoKoAeital dpactnptotnTo vrofddpov
(background EEG), n omoia eivor amotélecpo GAA®V dlepyacidv. ENUOVTIIKO TpoBAnue, ®oTtdco,
amotelel TO yeyovog OTL ol aAAaYEC Tov eivon oyeTkég pe to gpébopa elvar g TaENG TV UV,
pKpOTEPEG ONAOT OO TO GVVNOEG NAEKTPOEYKEPAAOYPAPIKO G, Kol Yiot TO AdYO avTd TPOKAAOVY
ToA0 pikpéG peToforég oTo GUVOAO Tov onuotoc. EmumAéov, eivor mbBavd mn dpactnptotnto mov
opeidetal oto VTOPabpo va Kupaivetal oTig 101eg GLUYVOTNTEG e VTRV TNG AmOKPIoNG, KPIvovTag TO
QUATPAPIOUO. OVAOQEAO. Q¢ €K TOVTOVL, LIAPYEL 1 OVAYKN Yo piol TEXVIKY] TOV VO OTOPPINTEL TNV
dpactnprotnTa VIoPaddpov Kot var avadEIKVOEL TNV OpacTNPLOTTA TOL GYETILETAL HE TNV AmOKPIoN
010 gpébiopa.

H epappoyn tov péoov dpov, Aomdv, Paciletor otnv vwoddeon 611 n dpactnpomTe. ToL VIOPddpov
dev givon time-locked pe to yeyovog kat Oempel 0Tt givar acvoyétiotog pe avtd 00pvfog PnNdevikng
péong TunG. Xe avtifeon, To0 GO TOV OVTIGTOLKEL OTNV ATOKPIOT| GTO £PEOICUA £YEL CLYKEKPIUEVT
nopery ko eivar time-locked wg mpog avtd. Emopévmg, Pdoet avtig g vrobeonc, 10 €KAGTOTE
neipapo exavorapfavetar Tolhaniég eopég (dokuég — trials/epochs) dote o vwoloyiopdg g pnéong
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TIUNG VO ooppiyel €V TEALEL TNV OGLGYETIOTN dPACTNPLOTNTA KOL VO EVIGYVCEL TOV onUatofopuPikod
AOYy0. Q0TOGO, N TEYVIKY OVTH EPYETAL LLE KATOLOVG TEPLOPIGLLOVG.

Apyikd, dev eivol Tavto EPIKTN 1 EQOPUOYN TOAUTADV ETAVOANYE®MV TNG €PYACIOG 1 1| UEYAAN
JupKelL aVTOV, €MEWN 1 dwdikacio oty pmopel va emeépel kOmwon otov egetalopuevo. TTo
OLYKEKPIUEVE, TEPAV TNG Kovpaons e&attiag g epyaciog mpémel va Anedel voyy Kot 1 Kobpaon
egartiog g ypnong g ddtaéng xataypoaeng [33]. EmmAéov, o eyKEQOAOC deV AVTATOKPIVETOL LE
akpiag tov 1010 Tpoémo oto gpébicpa oe kdbe emavainyn. Ioapadetypotog yaptv, yio £va TpokAnTd
duvopKd TPocdokdTol Vo VIAPYEL HETABOAN TOGO ©TO TAGTOC TNG OmOKPIONG OGO KOl GTOV
AavBdavovta ypovo, eoutiag kovpaons, eEowkeimong pe 1o gpébicpa k.6. H oddaynq kvpiog otov
AavBdavovta xpovo pmopel vo aAAAEEL CNUAVTIKE TO OTOTEAEGLOL TOV VTOAOYIGHOD TOV HEGOVL OPOL
[33],[59]. Axdua, n dagoporoinon g dpactnpldTTag vVIoPddpov OGOV aEopPd TNV YWPIKY Kot
YPOVIKN] KATOVOUN MHETOED ToV emavoinyemv 0&ter avaxkpipn m Oewpnon OTL mpoOKelTol Yio
acvoyétioto pe 1o gpébicpa BopvPo. Ov petaPorég elvoan mbBoavd va mpoxarodvior amd EAleg
dtepyacieg N aAloyég oty amdd0oon Kot TNV YeEVIKOTEPN Kotdotaorn Tov e&gtaldpevon, Om®S Yo
TOPASELYLLO GLYKEVTIPMOOT), KOTWoN, e&owkeliwon k.4. [Tapadeiypatog xdprv, £xel derybel 6L ToL OMTIKA
gpebiopata pewdvovy 10 mAGTOG TOL NAekTpogykeporoypapnuatoc [59]. Téhog mpoteivetor 1 1610
gpyaciag va unv enavoriappaveror meplodikd, 00Tt o€ mepinTwon mov yivel 0 PEGOG OPOg Umopet va
nepthapPvel eKTOS TG TPOGOOKADUEVNG OPOCTNPLOTNTOG KOl GALES dlepyncieg TOL E£YKEQPAAOV OV
LTTOPEL VO €IVl 0CVOYETIOTEG LE TO EKAGTOTE epEDIGO aAAG Vo givart eprodikég [33].

6.5.2. Avaivon Agdopévov

Metd v avédAvorn Kot mpoenesepyasio TV OEOOUEVOV TTOL £XOLV AV GKOTO TNV €E0ymY| TOL
kaBoapov onuotog ywpic mapepPorés, e€iocov onuavtiKy av Oyl mEPIGCOTEPO €lval 1) EpUNVEIR TOV
onuotoc. To MAEKTPOEYKEQPAAOYPAPN LD KATAYPAPEL CUATO TO. OToio. Umopel vor Tpogpyovtal omd
OLAPOPEG EYKEPUAIKEG TEPLOYEG KOL VO OVIIKOLV GE Oldpopeg (MVEG GLYVOTATOV, OTW®G OVTEG
meprypaenkav mopondve. H yvoon tov wiot)tov tov kabe pvBuov Bonbodv omv Katovonon tov
JlEPYUGIDV TOV AAUPAVOLV YDPU GTOV EYKEQPAAO OV TACH GTIYLY].

[T avaivtikd, o pelwpévog puBUds o 6ToV TPOUETOTIOL0 Kol WiaKO AoBO €xel cuoyeTioTel pe TV
gmtuyn Kodwkonoinon pvnung [62], evd to 1610 @owvopevo o610 omichlo pEPOG TOL KEPAALOD
TOPOTNPEITAL GTNV EMLTVYT GLVINPNCN TG XOPIKNG EPYALOUEVNG LWVIUNG GE GYECT LE TNV OVETLTUYN,
7oV 0dnyei og AavOaouéveg amokpicelg [63]. ITo cuykekpiuéva, 1 ETTUYNG KOSKOTOINGT UVAUNG EXEL
Bpebel 611 cuvodeheTat amd avENUEVo cuyypoviclo otig Loveg B otov 0eél petwmiaio EAOLd Kot ¥ GTIg
Bpeynatikéc-viokég meployés, kobmg kot amd peiwpévo ouyyxpoviopd ot {oveg P kot o oTov
TPOoUETOTIAi0 Kot wiakd eAod [62]. Emotpépovtag ot (dvn a, &yl Ppebel 611 o1 avomopactdcelg
nmov potpdlovion petald ekdvov Kot avtiinyng mpokdmTovy €0IKA 6 avtiv T {dvr. Avtég ot
avamopacTdoelg sival epgaveig oto omichio Evavtt TV epunpochiwv nhektpodiny, vrodnidvovrog pio
npoéhevon amd tov Ppeypotikd-wviakd erod [64]. Qotdco, o kOplog poAoc Tov pvluod o otV
epyalopevn Lvnun eoivetal vo €ivol 1 avoeToAT TOV AGYETOV EPEDIGUATOV 1| TTLO YEVIKA, 1] OVOGTOAN
TOV EYKEPOUAKOV TEPLOYDV TOL SV Eival KPIGILES LLE TNV GXETIKN TpEYOoVGa epyacio [63].

Oocov apopd Tov pubud B, £xel CLCYKETIOTEL [IE PLETOTOMIGELS TNG TPOGOYNG, KAOMDS Kot e PIATPApIoLOL
GOYET®V OTTIKOV aVOTOPUSTAGEDV [63]. ZyeTikd [e TO OTTIKO TUN O TOL EYKEPAAOV, Ol TANPOPOpPiES
yopifovtar oe omicbag avadpaong (feedback) kor mpocOiag avadpaong (feedforward) won
LETAPEPOVTOL OO OLOPOPETIKA KavAALD VELPIKAV Tolavtdcewv. 'Etot ot puBuol 0 kot y petapépovv
TANpoopiec mpochiag avadpacng, evd ot pubuoi o kot B onicOiag [64].

Ot tadavtdoelg 610 €0pog (VNG ¥ moTedeTan OTL OVTAVAKAODV Oladkacieg mov oyetilovtal pe v
EVEPYOTOINGT KOl TN SLOTNPNON VELPOVIKOV avorapactdoewy aviikewévov [62]. Tlepduata égovv
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dei&el 0TL 0 pLOUOG ¥ avEdvetor ota deEI TAGYLL PLeTOTIOiO ONUElN KOTE TNV GLYKPATNON YOPIKNG
0éonc Ko oToV PETOTLOi0 AOBO KATA TN S1APKELD GLVTIPNONG TG YOPIKNG LVAUNG, O ovTifeon pe
YPOVIKY GEPA Kot YpoviKn epyalopuevn wviun mov evieyvovv tig Lovee 0, o kot B [63]. EmmAiéov, katd
NV KOOIKOTOINGN ONTIKAOV £peoUATOV TO. 0moio. UETA Ol GLUUETEYOVTEG BupovvTal, 1N peETOTIOLN
eaon 0 xor m omicO 1oyhg Y evioyvovtol, o€ OGYECN LE EKEIVOL TOL OMOIOL OTN GLVEYEW Ol
ovppetéyovieg Egxvobv [62]. Ocov apopd v gpyalduevn puviun, to 1995 ou Lisman kot Idiart
TPOHTEWVAY EVA LOVTEAOL TOV POAOV TOV OAANAETIOPAcEDV PETAED TV 6V0 aVTOV {OVAOV GLYVOTHTOV -
v ko 0-. Eimav 611 tar avTikeipeva avamapiotdvtol 6Tov A0LO amd 61000y 1kovg KOKAOVGS Y, 01 0moiot
etvar gpemievpévol péco oe dedopévo kKOKAO O kot OTL Ol TEPLOPICUOL OTNV YOPNTIKOTNTO TNG
BpayvmpodBeoung PVRUNG TPOKVTTOVY MG GLUVETELN TOV APLOROD TV KOKAW®V Y TOV Y®OPOVV GE EVOV
KOKAo 0 [65].

Avoagopikd pe Tov puud 6, GTOV 0TOi0 AVIIKOLY TO L0 UIKPA EYKEPOUAKA KOLLOTO TOV KATOYPAPOVTOL
otov AvBpomo, pe Bdon BewpnTiKég EKTIUNGELS Kot EPUTEIPIKA evpripaTa, eivat mlavo va dradpapatilet
KaOopLoTIKO pOLO GTNV EMKOWV®OVIR HEYAANG KApaKoG HeTaéd TOV TEPLOYMY TOL £yKEPGAov [62].

Téhog, n Covn 0 kuplog mapatnpeital KATA TOV YOPIKO TPOGOVOTOAIGHO, TNV TAONYNON Kol TNV
avaKTNon YOPIKOV TAnpoeoptwv. ITo cvykexpyéva, dvo Oyt apotPaio amokAeldpeves vVTobecelg
&yovv mpotabel: o1 TaAavidoelg yauning ocvyxvomtoag 0 (~4Hz) ocvvroviCouv awcOnmmplokég ot
KIVNTIKEG TEPLOYEG KATA TN JdpKELR THG TAON YNNG 1 TTailovy pOLO GTN YWOPIKN KOIIKOTOINGT Kot T
uvnun [18]. Talavimoeig 0 £xovv mapatnpnbel otov éom kpotaekd AoPd (MTL) katd ™ dibpkeia
NG TAONYNONG GE GXECT LE TNV AKIVNGI0 KOl GUYKEKPIUEVO EVIGYVUEVES KATA TN OLAPKELD TAONYNONG
HE GTOY0, GE GUYKPION UE TNV AGKOTN TEPUTAAVNOT, YEYOVOS TOV VTOONAGVEL umAokn ¢ (ovng O
oOTNV aVAKTNOT TG YOPIKNG UvAUNG Kot oto oxediaoud odpoung [18]. To ido @owduevo
mopaTNPEiTol Kol Kotd v évapén g Kivnong yu HEYOAO YPOVIKO SLAGTNUO GE GUYKPIOT UE TO
OUVTOUO, OLOPOUES, OMANOT, TOV OTALTOLV AVAKTNGY TEPIGGOTEPMV YMPIKDOV TANPOPOPIOV KoL
oXEJAOUO HEYOADTEPTS Sladpounc Ttpokadovy avénuévn oyd oty (dvn 0 [18]. Télog, ota owkein
nepPdAlovto dnpovpysitoar vYMAOTEPN 1oY0G B, Pavopevo mov pmopet va oyetiletal pe to yeyovog
OTL VIAPYOLY TEPIGGATEPES AMOONKEVUEVES YWPIKEG TANPOPOPiES TOL TTPEMeL va, avaKTnBodv Yo va
kabodnynoovv v kivion [18]. EmmAéov, ektdg omd to pubuod 0, avénuévn mapovacio mov oyetileton
[e TV TAONYNON EUQAVICETOL OTIC WIMOKOUTIKES KOl TOPO-UTOKAUTIKEG TEPLOYEG GTOVS PpLOLOVGS o, B
kot v [18]. Zvvorikd, ta mopamdve amoTeEAEGHATE VTOINADYOLV OTL Ol TAAOVIMGCELS B gumiékovTol
eKTOC Ao TIG YOUNA0D EMTESOL GO TNPLOKEG KOl KIVNTIKES SEPYOCIES KOl GTNV OVAKTNGT YOPIKAOV
TANPOPOPLAV.

H avtiotolyion tov d10pOp®mv EYKEQPUAKDOV GUYVOTITOV LE CUYKEKPIUEVES EYKEPAMKES OlEPYOGIES KOl
Aertovpyleg elvar dvokoAn. Ilapdio mov to peyoldTEPO WHEPOG TNG TEPAUATIKNG PiAoypagiog
CLUPMVEL 0€ Evay TEPLOPIGUEVO OPLOLO OVTIOTOLYLDV, 1| OAOKANPMTIKY YOPTOYPAPN O KOl KOTOVOT O
TOV TEPIMTAOK®OV AEITOVPYIDV TOL EYKEPAAOL Kol TOV TPOTOL UE TOV OMOI0 OVTEG OLEKTEPULDVOVTOL
TOPAUEVEL LUGTNPLO.
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(. Ilewpapatiko IIpotokorro

7.1. Xxomog Ileipdportog

2KomOG TOL TAPAVTOG TEPAUATOG EIVOL 1| LEAETN TNG EYKEPAMKNG OpOOTNPLOTNTAC TOV OYETILETOL UE
TN YOPIKN HVAUN KoL TOV YOPIKO TPOcavATOMSHO vId Tn cuvOnkn mapepmodions opaong. Ilo
AVOALTIKA, o©TOYOC eivar 1 HEAETN TG OlPOPOTOINONG OTNV  EYKEQOAIKN AEITOLPYioL Kol
dpacTNPLOTOINGT KOTA TNV KOIKOTOINGCT VO YDPOV GTOV EYKEPALO OTAV aLTH 0ELOTOIEL TNV OpaoT
Kol To OTTIKA epediopata o€ oyxéon pe v omovsio avtev. Emmdéov, {ntoduevo eivar 1 pedétn g
aAloyNG otV €YKeQPAAKN Agttovpyiol €vOg OTOUOL KOTQ TOV TPOCAVOTOAIGUO Kol TNV €KTEAEON
EPYACIOV GE €va MON YVOGTO Y®PO OTav ovTdg £xel Kmotkomombel pe kat yopig v Pondeia g
opaong.

7.2. IIponyovpeva Evprjpota

O Topéng TG HvNUNG, TNG XWPIKNG OVATOPAGTOCTG KOl TOV YWPKOD TPOGAVATOMGHOD APYLGOV Vol
LEAETOVTOL EKTEVDG KATOWL ¥pOVIOL TPV Kol pe TV ovveyn Pertioon g texvoloyiag mov £xel mG
amotéleopa T cvveyn Pedtioon Tov £0MTMGHOD TOALES S1OTVIMGELS Kot ETAANOEDGELC £YOVV Yivel G€
avtov¢ Tov Toueic. Ot ouyvotteg dheo (8 — 13 Hz) kot nta (4 — 8 Hz) amotedodv Tig o KTEVDG
peretnuéves {OVeS GLYVOTNTOV GE aLTOVS TOovg TOUEls KaBMG &xel emavelknuuéva amodeydel Ot
oxetiloviol pHe TIC VONTIKEG KATOOTAGELS, OTPOTNYIKEG Kot epebdiopota. Xnupeudvetor OTL o1
Broypagio mov peletnOnke, dev Ppébnkav tavtdonuo TEWPAUATO PE ALTO TOL AvamTHYONKe 6TO
mAoiclo g moapovoag epyacioc, omote mapoatibeviar gvpruoate amd peAéteg mov oyetilovron
YEVIKOTEPQ LE TO TOPATAVE TTEDTOL.

H dpaoctmpromrta ot {dvn Onta cvoyetiCetan dpecsa pe v mpoonddeia dtoTipnong e WvipUng Ko
OLEAVETOL [LE TNV OVGKOAN TOL €PYOV TTOV O GUUUETEXOVTIOG GTO £KAGTOTE TElpaa KaAgiTol va Qépet
g1g mépag. Xto meipapo tov Jensen kor Tensen [66] omd tovg cvppetéyovieg {nrhbnke vao
amopvnpoveboovy Aloteg amd 1, 3, 5 1 7 ontikd mapovsaldpeva ynoio péco oe 3 devtepOAenTO.
Kotd ™ duwpxea g amopvnuovevong mapoampndnke opactmpotnta OMta {dvng, wvplog tov
cuyvotntov 7 - 8.5 Hz, mov xataypdonke oTig petomaieg meployég Tov eykepdiov. H dpactnpidotta
avt) ovEndnke mopopeTpikd pe Tov aplBpd TOV OTOYEI®Y TOV Ol GULUUETEYOVIEG EMPEME VA
datnpnoovy oty epyalopevn uvnun tovg (working memory) kot dtatnprionke kot oty mepiodo
dtpnon e UvNuNng oAAd kol oty avaktnon avtg. [Hapduola anoteréopato Ppédnkav kot amd
HELETN e NAekTpOoEYKEPAAOYPAPO 0o To Gevins [67].

Amo ™V GAAN pepld, M dpactnpomTa ot {OVn GLYVOTHTOV GAQPO £XEL OPKETOVG AELTOVPYIKOVGS
CLGYETIGUOVG UE TIG Agttovpyieg TV aobnioewv, g kivnong kot g pvnuns. H ovyvotmta daga
nopotnpeital Kupiwg ot10 mo® HEPOS TOV EYKEPAAOVL, GLUTEPIAAUPOVOUEVOV TOV  WVIOKOV,
Bpeynatikov kot omichwv kpotapikdv mepoydv. H peiwon g {ovng drea petagpaletal oe
EVEPYOTOINGT TOL ATOLOL N YVMOGTIKY ETOYOTNTO TOV AOLOD Yol TNV EMECEPYAGIN VEDV TANPOPOPLOV
[68]. XV épevva TV Sauseng kot GuVEPYATM®V OTOL Ol GLUUUETEXOVTEG KOAODVTIOV VO GTPEYOLV TNV
TPOGOoYN TOVG otV de€1d 1 apPIoTEPT] TAEVPA TOV YMOPOV Y10, VO TAPATNPNGOLY KATL, Ppébnie OTL M
Covn dAea Topovsiace SIKVUAVOELS ovaloyeg e TNV TPocoyn. TOGo ot yauniés 660 Kot ot VYNAESG
Coveg GApo Ppébnke va kotactéAlovior meplocotepo oe Béoelg avrtiBeteg pe tov Mumédlo
(S1o®PIopdg TOL TESIOV TOL EYEL UTPOGTA TOV O XPNOTNG G€ dVO UIoE -0e&1ld Kot aploTePE-)To 0moio
10 Gropo mapakorovbovoe [69].

SHETIKA pe TovV YOpKd TpooavatoMopd, oto meipapo tov Plank kot tov cvvepyorov [68]
amodeiyOnke 0TL AVOAOYMC e TO TANICLO OVaPOPAG TOV EMAEYEL O KAOE cuppetéyovtac, OnAadn ov Oa
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YPNOUOTOUCEL EYMKEVIPIKO 1 OAAOKEVIPIKO TAiIc10, evtomilovtol JSlPOpPEG TNV  (POCUATIKTY
gvepyomoinon ¢ Covng GApa evtdg 1| KOVTIO GE WIOKEC, WiaKOBpeyHaTikés kabmg kot omichiovg
Bpeypotikéc meployés. AvTéC Ol O1pOpEG UMOPEl Vo CLUVOEOVTOL HE TIC OLOPOPETIKEG OVAYKEG
EVNUEPMOTG TOV EYOKEVTIPIKMV Kol AAAOKEVIPIK®V TAOIGI®MV KAOE popd o oyéon pe 1 véa B€on Tov
OOUOTOG ®G TPOog TOo TEPPAAAIOV Tov. Avtifeto Kol Ol OV0 OUAOEG CLUUETEXOVTIWV EUQAVICOV
ovykpioo kot Supopeopéva pe Paocn v moilvmiokdtnto potifa gvepyomoinong g {dvng
ocvyvotntov ONta. Avtd NMrav péco i KOVIO OTOV  HEGO  pETOTio  @Aold, mbovotnta
avtikotontpilovtog TV avénuévn YvooTikn Tpoondoeia.

EmunpocHétmg, o topéag e amovsiog dpaong Kot ot GAAAYEC TOV OVTH EMPEPEL GTOV EYKEPOAO KOl
T1G depyacieg avtov Exet pelenOei extetapéva. H 6paon eivar icog n onpoavtikdtepr and tig Pactkeés
aonoelg Tov avOpOTOL Kot TO HEGO LE TO 0010 OVTIAMAUPAVETOL TOV KOGUO GTO HEYOAVTEPO UEPOG
TOV.

H peArém tov Santaniello kot tov cvvepyatdv [70] pelétnoe TG EMMTOGELG TG TOPEUTOINGUEVNG
OpaoTG GE ATOO LLE KATA TO AAAL KOVOVIKT OpacT], EUTodilovTag TNV OPACT) GTOVS GULUETEXOVTES Y10l
00 DPEG. LT GLVEXELD, LECH NAEKTPOEYKEPAAOYPOAPTLOTOS KATEYPOW OV HEWOUEVT EvtacT TG {dvng
GLYVOTNTOV GAPQ GTO GTOWO UE TUPEUTOOIGUEVT] OPOCT| GE GUYKPION HE avTd Ympis. Avtod pmopel vo
OVTOVOKAG GTNV GTPATOAOYNON TEPIGGOTEPOV TOP®V LE CKOTO TO GITOUO VO, UTOPEL Vo avTameEEAOeL
0TI OMOUTNGELS TOV TMEWPAUATOS. AV N pelwon elval CLUVETNG PE TOCO TN UELOUEVT] OVAGTOATIKN
dpacTnproTNTa OGO Kol LE TNV ALENUEVT YVOOTIKY enesepyacio Tov Tapotnprdnke amd T TEPATL
tov Klimesch, Sauseng kot Hanslmayr [71]. Mewwpévn dpactpiotra oty dreo {ovn €xel eniong
napotnpnOel oe TVPAA Atopa OTIG PPEYUATIKO-IVIOKO TEPLOYEG TOL EYKEPAAOV Kol £XEL GUOYETIOTEL UE
avEnuévn deyepotdTNTO TOL OTTTIKOL A0V [72].

Mio oaxépo perétn mov éAafe yopa Yoo va peretnfodv ot SPopEC OTNV  TOTOAOYiM TOL
NAEKTPOEYKEPAAOYPAPLATOG LETAED TOV ATOUMV LE KAVOVIKT] OpOUGT] Kol TOV OTOU®V [LE TOQAWMOT) €K
yevetng eivat avtf g Annes kat tov cvvepyatodv [73]. To meipapa avtd mepieiye epyoaocieg oyeTikég
LE TNV OMTIKY aVTIANYN He TNV Yopikt| anewkovion. Kot otig dvo avtég epyacieg n dpactnpidétra 6to
nave dxpo g {OVNG GLYVOTATOV GAPA MTOV CNUOVTIKA YOUNAOTEPT GTA GTOUO LE TUPAWMOT OF
oLYKPLON UE T GTOUO KOVOVIKNG OPAIOT|G OTIG PPEYLOTIKO-VIOKES TEPLOYES TOL £YKEPAAOL. 1o Thiom
EUGAVIGOV KOL Ol YOUUNAOTEPEG GLYVOTNTEG TNG AAPA. ZVYKEVTIPOTIKA Ol S10POPOTOCELS GTNV GAPA
Covn Mtav mo évtoveg otig 000 omicHieg oVoTAdEG MAEKTPOOIWV TOL KOADTTOVV TEPLOYES TOV
eYKePAAOL oTIG omoieg Kvuplapyel 1o ontikd cvotnua ota vyw dtopa (O1-02). To yeyovog 0Tt Ko oTal
dvo mepdpoto vINPye pelwon ¢ Kupimg ave (dvng GApa oto omicBlo pépog Tov Kpaviov, onuaivet
OTL 01 AAAOYEG OVTEG GTOVG €K YEVETNG TVPAOVG dEV EAPTMOVTOL AUECO LE TIC TPEXOVCES oaONTNPLOKES
N YVOOTIKEG diepyacies, alrd elvar pdAiov aveaptnrec. [apatnpnbnke eniong 41t 6T LY ATOUO O
ovyvotTeg GAQa pewdvovtal Otav &va acOnmplokd epébiocpo cvopPaivel 1 10 YvoOOTIKO @OpTio
avéavetat. To ovOpUEVO GVTO TOL ATOGVYYPOVIGHOD Elval YV®oTo O¢ ‘Topeunddion g diea’ (alpha
blocking) [74]. Ymipyav axopo evdeifelc 6t 1 v kot kdto (dvn Ghea cuvoéovtal pe S1popes
AVTIMTITIKEG KOl YVOOTIKEG Agltovpyiec. Mmopel va votebel 0tL 1 peimon g dpactnpldTToS TG
dvo {ovng dAea oto omichlo Kpavio GTOVG TLEAOVG OVTOVOKAG pio oxLPATEPT EVEPYOmOinom
TOAVOLGONTNPLOKAV KOl OTTIKOV TEPLOYDV TOL EYKEPAAOV KT T SIUPKELD UM OTTIKMV OVTIANTTIK®V
KOl YVOOTIKOV AEITOVPYUDV GTOVS TVOAOVS Topd otovg PAémovteg. Avth 1 vtoBeor cuvadel pe v
10€0 TNG AELTOVPYIKNG OVAITIOPYAVMOOTG TOV VTOPAOUIGUEVOV «OTTIKOVY TEPLOYDV.

Emiong, éxovv yiver mepduata 6mov 1 Opacn o€ vy dtopa mopeunodiletor acvppeTpikd. o myv
axpipela oto neipapo tov Levick kot tov ocvuvepyatmv [75] 6mov pécm E18IKOV OK®Y EUTOIoAV TNV
opaon uovo oto éva patt. To welpapa avtd emPePaince v apyikn Tovg LILOBEST OTL 1| ACLUUETPIN
OTNV OTTIKN TOPEUTOOIOT Oa £YEL G AMOTELEGLO KOl ALGLUUETPIO GTO NAEKTPOEYKEQAAOYPAPN Lo H
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vndOeon ovtq PacioTnke OTNV GCLUUETPIKN HEI®ON NG ETOUOTNTOG KOL TNG TMUIOQOPIOKNG
enaypumvnong  mov  Bo  €yel g  amotédecua  avénuévn  OMto, Tov  puBud  TOL
NAEKTPOEYKEPAALOYPOPIUOTOC TTOV GLVOEETAL GUECOH HE LAVNIMO KOl VIVOY®OYIKEG KOTOOTACELS.
[Ipdypatt, T0 NUIGEAipo 610 0moio 1 Opacn iy TAPEUTOIIGTEL TAPTYOYE TEPIOGOTEPEG GLYVOTNTES
ot Covn Onra. Tapduoteg arrayéc Exovv mapotnpndel Kotd ™ S1dpKeLn AioONTNPLOKNC ATOUOVOCNG
omov 0 pvOuog INTa avédvetal eved avtibeta o pLOUOG GAPA PEDVETAL HECH GE OACTNUO NUEPDV

[76].

Onwg yivetar EekdBapo omd OAo Ta TOPOTAVED TOPASEIYHOTO TOGO 1 YOPIK HVAUN Kot
TPOCOAVOTOAIOUOG OG0 Kot 1 mopeumddion g OpoonG Kol Ol EMATOCEL OVTHG  OTO
niektpogykeparoypdonua Exovv peretndel ektevag. QotdG0, pe BAon TV YvOGN TOV GLYYPAPEWMS
HEXPL OLTAV TN OTyUn, Kopio €pevva dev €xel yivel OmMOL GLYKPIVOVTOL TO OTOTEAEGUATO TOL
NAEKTPOEYKEPAALOYPAPOVL KOATA TN OBPKELN TPOGUVATOAIGHOD GE £vav YDpo ywpic v Ponbeta tng
Opaomng 0tav avtds 0 Ydpog £xel Kodkomombel yio mpdTn popd pe v Pondeta povo g dpaocng o€
avtifeon pe TNV KOSKOTOINGN Yo TpOTN opa povo pe v aen. Eropévog dueon cvykpion pe non
VILAPYOVTO OTOTEAEGLLOTA Y10 ALTO TO TEIPOLLO dEV UTOPOHV VO GUUPOVV.

7.3. Ileprypagn MMewpapatog

H mopakdto ewova mapovstdlel mepiinmiikd ™ Pacikn SoUn TOL TEPAUATOS TOL VAOTOONKE Kot
npoypatonomdnke ota miaic avtg TG epyacioc. Apykd, 1 yevikn W&o tov mEWPdpaTog gival M
LEAETT TOL TPOGOVOTOAMGLOD GE €vav ydpo xwpig v Pondeia g dpaong Otav ovTdS 0 YOPOG
Kodwomoteiton yloo Tpdtn Qopd pe v Ponbewa pdvo g 0paong o€ avtiBeon pe v Kodkomoinon
YL TPAOTN Popa LoOvo pe v aer|. ' tov Adyo avtdv, o1 GUUUETEXOVTEG YOPIGTNKAY GE V0 ORAdEC,
plo pe v O6pacm TG OVEUTOOISTN KOTA TN OPKEWL TNG KMOIKOTOINGNG TOL YMPOL OAAY
TOPEUTOIGUEVT] GTI] GUVEYELD KATA TN SIUPKELD TNG TAONYNOMG, Kot pia e KaAvppéva to patio Ko’
OAN TN d1dpKELD TOV TEWPAUOTOC.

Stimulus Presentation
nterval

I

‘Ready” cue Go" cue "Return” cue Position Reset

Post-response Interval Position Reset

- - ot o erv
(finger still touches block) Inter-stimulus Interval

Response Interval

Target Block

\

Tactile Grid

EEG Recording @ Computer
NG PC
~ES Cutput
PC
Input

Eixova 22 Zynuotixn avomwopaotacy o0 TEPOUATIKOD TPWTOKOIA0D
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270 TAVOD UEPOG TNG EKOVAG, OLOKPIVETAL LLE YPAUUIKO TPOTO 1 POVIKT EEMEN TOL KVPIME HEPOVS TOV
TMEPALATOS YOPICUEVT 0€ OAL TO. SLOPOPETIKG oTAdIL amd To. omoio mépace o Kabe egetalduevog,
aveEapTNTMOC 0 oL OLAd0 aviKE. AVTO TO KUPLO HEPOG NTOV EVOG EMAVOANTTIKOSC Bpdyyoc. IIpv To
KUpl®G UEPOC Ol GLUUETEXOVTOG TEPVOLGOV Oamd Tpiot emmAEOV oTdd pE okomd g e&aymyn
JEQOUEVMV GUYKPLONG 1 OAADG TO GNUEID 0vapOPAC, To 0010 MGTOGO Bal avaALOOVV TOPAKAT®.

H apyn tov Bacikod pépovg yivetar amd to ‘Ready cue’ 1 aAMAOS Evav xopakInploTikd N0 ‘UTuT’ Tov
onpatodotel v évapén. Xty ovvéyelwn, okolovbel to Stimulus Presentation Interval, dniadn n
NYNTIKN TEPLYPOPN TOV CMUEIOL TOV ¥MPOV TOV O GUUUETEXOVTOG KOAEITOL VO EVTOTIGEL, TPAYLO TO
omolo kol mpEmeL va, KAvel petd to mymrtikd onua ‘Go cue’ 1o omoio givor emiong évag Nyog ‘pmin’. H
Kivnon Tov xepod TOL GUUUETEXOVTIO Kot €V TEAEL M KOTAANEN ©TO onpeio Tov YOPOL 7OV TOV
TOPOVCIACTNKE TPV, AdpPavel ydpa evidg tov ypovikov mhouciov ‘Response Interval’. To ypovikd
duotnua ‘Response Interval’ teppatifetat pe v emo@r] Tov onueiov Kol 0 GUUUETEYOVTOG cuveyilet
va ayyiCet to {ntovpevo onueio oto drdotnua ‘Post-response Interval’ péypt v Nymon Tov onpaTog
‘Return cue’ -méAt nyntikd ‘pmun’- Odmov mpémel 10 ¥EPt vo emotpopel oty Béon exkivnong, pio
ovdétepn Béom ektOG TOL YDPOoL GAAa TpokaBopiouévn kot mavia n dw (Position Reset Interval).
Otav 1o xépt ayyiler to onueio avaeopds katd v ypovikny otiyur ‘Position Reset’vmépyet éva
dtonuo. kevo, 1o ‘Inter-stimulus Interval’, oto omoio o ocvupetréyovtag teppotifel avtv Vv
emOVAAN YN TOL PacIKOD TEWPANATOS Kot TPOETOUALETAL Yoo TV EMOUEVN EMAVAANYTY|, LLE TOV NYO
‘Next “Ready” cue’ va onuatodotel kat exionpa v £vapén Tov ETOUEVOL KOKAOL.

To ocOvoro TOL TEPAUOTOG OYedlAoTKE Kot vAomowOnke pe v Ponbeio tov PSychoPy «ot
ovykekpipéva v €kdoon 2022.2.5. To PsychoPy eival éva Aoyiopikd avorytod kdoKo YPouUEvo
otV YA®ooa mpoypoppatiopod Python kot ypnoponoteital evpéme Kupimg 6T VELPOETIGTHUN Kot
TNV TEWPOAUATIKT Yu)oAoYia. To cuYKEKPIUEVO TPOYPAULO VITOCTNPILEL TV GLYYPOPT KMOOTKO Y10 TNV
dnuovpyia mepapdTov, ®oTOco o ovtifeon pe To TEPIOCCOTEPO TOKETA, OIVEL KOL TNV SLVATOTNTA
xpNoNg piag ewdwd oyedaouévng ypaeikng oeraens (Ul), yapaxtmpiotd mov a&lomombnke yo v
KOTOGKELT TOV TOPOVTOC TEIPBUATOG.

Mo v kataypaer ™G €YKEPAAKNG OpacTnPOTNTOS, OO TOVG GUUUETEXOVIES TOV TELPAUOTOSG
nmbnke «katd 1 OWdpkeww TOL GLVOAOL TOL TWEPAUOTOS VA EOPOLV  €vol  KPAVOG
NAEKTPOEYKEPAAOYPAPOV, TO OTOLO TEPLYPAPETOL GTNV ETOLEVT] VTOEVOTNTA.

Mmraivovtog og meplocdtepn avaAlvon, 1o meipapa amotedeitol ektdg amd 10 Pacikd UEPog, To omoio
elvatl og popon Bpdyov Onwe avapépnke mapamdvm, kot and dAla Tpion uEpn mov Aapfdvovy ympa
oV apyn Kot a@opodv ot ANym amopoittov onudtov mov Bo emTpéyouv TN GUYKPIoN TOV
JEJOUEVMV KOt TN 6MGTH AE0AGYNOT TOV KUPIOG LEPOVG TNG TEPAUATIKNG dladtKaciog Tov Aapfdavet
YOPO. 610 TETAPTO PEPOC. Ot cuppetéyovieg kdBovtol PTPostd amd TV 000vN TOL LTOAOYIGTY| TOL
etvat vtevBLVOC Yo TNV POT] TOL TTEPAUATOS KOt £XOVV UTPOGTE TOVS GE LUIKPT ATOGTOCT A0 TO, XEPLOL
TOVG TOV YDPO OV KAAOVVTOL VO, KOSIKOTOUGOLV.

|
—em M 00

1 2 3 4

Eixova 23 Zynuotiki avomopaotacy TV gacemy Tov TEpouotos. Me kitpivo ot 0onyieg ¢ kGbe paons kal ue
KOKKIVO N TEWPOUOTIKY OLOOIKOTIO,

H dtopopd avapesa 6Ttig 000 OLAdES OTIG OTTOIES 01 GLUUETEXOVTES YOpioTnKay gival 6Tt oty Opdada 1
TEONKE VAL KOOKOTOWOEL TOV YDPO Kol VO OAOKANPAOCEL TO, TPMTA TPiot PLEPT) TOV TEIPALATOS WE TN
BonBeta g O6paong, e okomd va dpdoet ¢ HETPO cVYKplong Yo TV Oudda 2. Amd v GAAn, 1
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Opada 2 oAOKAP®OE TO GUVOAO TOL TEPALOTOS UE OTOLGIO OPAOTG, HE TOVS GUUUETEXOVIES TNG
OHAdOG VO £XOVV KOADUUEVO TOL LATLOL TOVG e Uit LACKO GUVEXMDG.

O y®pog 0 omoiog KANONKAY VO KOIIKOTOMGOLV Ol GUUUETEXOVTEG NTAV EVOL TAEYUO TETPUYDVOV 4X6
N KaTookeLN TOV omoiov Ba avalvOel apyodTEPO.

Katd v évapén tov mepdpotog otnv 060vn T0v VTOAOYIGTH oL EPAETOV Ol GUUUETEXOVTES
EUQOVIOTNKE €val LMVOLOL LE TIG 00MYIES Yo TNV TPAOTN QAo TG dtdikaciog. Otav ftav £Toyot Kot
elyav Katovonoel TAP®G TIG 00N YIEC TATOVCAY TO TANKTPO ‘SPACE’ TOL TOLG UETEPEPE OVTOUATMS OTO
TPAOTO UEPOG TOL TTEPALATOS. AvTioToryn 006vn e 0dnyiec eLEavICETOL GTOVG GLUUETEXOVTEG TPV TNV
évapén kabe piog amd tic vrorowmeg 3 paocelc Tov mepdpotos. H Oudda 1, emedon eixe avorytd ta
patia d1éfale kavovikd tig 0dnyieg eved oty Opdda 2 ot 0dnyieg dwPfalovtay.

myv kato o06vn dwokpivetoar M vAomoinom ™G 006vNg odNyudV TOV TEPAUATOS GTO AOYIGHIKO
PsychoPy. EmiléyOnke éva otoryeio keyévou (instructions) oto omoio sumepiéyetal to KEPEVO UE TIG
001 yiec TPOC TOVG GUUUETEXOVTES Yo VoL eppavileTor otny 000vn pe v emioyn va teppatiletal pévo
otav 1o otoyeio key resp avtiingbei to mdtnpo tov mANktpov space. To keipevo TV 0dNylHV
mepEyel 6V0 TUNHATA 0dNYIDYV, Eva Yoo TNV Kabe Oudda. Kot ta dvo avtd ctoyeio sivar evepyd en’
adploTov av dev motn el To TANKTPO SPaCe e GKOTO VO dMGOVV GTOVS GUUUETEXOVTEG OAOV TOV YPOVO
mov ypetdlovtal. Mia tétola 1010 vAomoinon vanpyxe otV apyn TP Vv &vapén kdbe eaong Tov
TEWPAUATOG ETOL OOTE Ol CLUUETEYOVTEG VAL £fvail TAVTA GIYOVPOL KO TANPMG EVIUEPMUEVOL Y1 TO Ti
npokertar vo. cvpPel ot cvvéxela kot Ti {nrteltor amd tovg idovg. Me v €mAOYN OVTAG NG
TUNUOTOTOINGNG AmoQeLYONKE TLYXOV GUYYLGN TOL UTOPEl VO TPOKAAOVGAV Ol OALKES 00TYieg otV
apy TOL TEPAUATOS Y10 OAES TIC PACELS AL TOV.

5 spatialExp.psyexp - PsychoPy Builder (v2023.2.3)

File Edit View Tools Experiment Demos Pavlovia.org Window Help

DOBREOH I LEQROIRRRQRAQA
Routines B
rest  restinit % movementinit movement enceding_init ftrials_init back go encoding e
1¥ Routine settings
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
instructions T W
key_resp

Eixova 24 Aciyua tov tpomov mpofolns twv oonyiwv. 1dio dradikocio. mptv omo koOe paoy amimg UE OLAPOPETIKO
KeUEVO

210 TPAOTO UEPOG TOL TEPAUATOS, POCIKOG OKOTOG NTOV 1 KOTAYPOEN TNG OPOCTNPLOTNTAS TOV
gyke@aiov 0tav 1o dtopo Bpioketar o Katdotaon npepiog. Ot cvppetéyovies g Opddog 1 eotialov
TNV TPOCOYN] TOVG GE VOV HOVPO GTOVPO TOL EUEOVICOTAV OTO KEVIPO TNG 000vng, &vd ot
ovppetéyovteg g Opadog 2 mapépevay pe KAEoTA o pdtwo yuo 5 devteporenta. Kot and tig dvo
opadeg elye (nmOel va mpocmabncovy va Topapeivouy 6e 0G0 TO dVVATOV UEYOADTEPT KATAGTOON
npepiog Katd T ddpkel ot ™S edons. Ta onuata g Evapéng kot AENG g TEPLOSOV NPEUING
(rest) divovtav pe évov YOopoKINPIOTIKO NYO ‘Umit’ kol 1 Swpkewn g nmpepiog dwpkovse S
deVTEPOAETTA TPV AKOVOTEL TAAL O YOPOKTINPIOTIKOG YOS TG ANENG.

Ymv ewdéva mov akorovbel amewkoviletonr 1 vAOTOINON ALTAV TNV PACNS GTO AOYICUIKO OVOLYTOV
kddowa. O fyog ‘wmm’ givon éva apyeio TOmov wav mov €xel mpootebel evtog evog atotyeiov 1yov
(rest_go) to omoio diapkei axpifmg Eva devteporento. Katevbeiav petd v AREn tov otoryeiov nyov
TPOPAALETOL M EIKOVOL TOL KEVIPOPIOUEVOD HOVPOL CTOVPOV TOV EUTEPLEXETOL GTO OTOLXEIO TNG
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€IKOVOG Cross_rest kot dtapkel yia 5 dgvtepOLenTO TPV EEKIVIGEL £VOC TAVOLOLOTLTTOG MXOG UE TNV
apyf ovtnc ™G edone pe to Ovopo rest_stop pe tov omoio Kol TEAEWDVEL M TPAOTH @dorn. O
S mPIoHdS avdpesa ot 000 ORAdES eV NTAV OTAPOiTNTOC KOOMDS N Opdda 2 e TOPEUTOOIGHET
Opaor dev UTOPOVGE VO EL TNV EIKOVO TOL GTAVPOD.

@ spatialExp.psyexp - PsychoPy Builder (v2023.2.3)
File Edit View Tools Experiment Demos Pavloviaorg Window Help
DOREHIROHEROERRRAQA
Routines =]
rest 3 rest_init  mowvement_init movement  encoding_init  trials_init back go encoding £
151
¥ Routine settings

rest_go Iﬂ)) t (sec)

Eixova 25 ®acn 1: O nyos ¢ Evaplng , § Ipofoln s e1KOVAS TOD KEVIPOPLOUEVOD UADPOD OTODPOD KoL O HYOS
g Mieng

210 deVTEPO HEPOC, OKOTTOC NTOV VO KATOYPOAPEL 1) Tuyaio Kiviion TOV YEPLOL TOL KAOE GuppETEXOVTOL
le oKomd o1V GLVEYELD Vo cLYKPOEL pe TV Kivinon Tov Katd T didpkela Tov Kupimg mepdpatog. o
oV AOY0 anTo, Kot ot dVo Opddec kKAnOnkav va kieicovv T pdtia Toug yro 5 dgvtepOrenta Kot Vo
Kivfoovv to et Toug xépt Tuyaia Thve otov xdpo. ITdAt ot yot Evapéng kot ANENG TAaiciovay avtiv
T YPOVIKN TtEPi0do.

>1nv viomoinon tov PSychoPy pov vrdpyel oty cuvéyeia vaapyovv ot idtot ot évapéng (move_go)
kot AMéng (move_stop) g @dong, O1apKelag €vOC OEVTEPOAENTOV Ol OMOiIOl TAOICIOVOLY 5
devtepOAenTa OOV deV VILAPYEL KavEVA 6ToLEl0 otV 000VI TOV VTOAOYIOTY. XTO0 TEAOG 1 KOKKIVN
Covn onuotodotel T ANEN aVTOL TOV TUALLOTOG.

) spatialExp.psyexp - PsychoPy Builder (v2023.2.3)
File Edit View Tools Experiment Demos Pavioviaorg Window Help
DOBREHE IR OEQRAOCRERQRAQAA
Routines =]
rest  rest_init  mowvement_init movement 3 encoding_init  trials_init  back go enceding =
1512
1¥ Routine settings
0 1 2 3 4 5 6

move_go Cg)) t (sec)
move_stop C:]))

Eixova 26 ®acn 2: O nyos ¢ évaplng, madon 5 0evteporémtmv kot o Hyos s Anéng

To tpito péPog apopd ot ddKAGIo TG KMOKOTOINOoTMG TOV YMPOL Kot oty 006vn mov PAémovy ot
ocvpupetéyovteg eppavifetor to mAgypa 4x6. Katd tn ddpkeia ovtig e edong, mov dtapkovce 30
devtepOrenta, ot ovupetéyovies g Oudoag 1 €yovtag avoyytd ta pdTio Kol oKivnto To KEQAAL
KMOnkav vo mpoomafdnoovy vo TPOGavVOTOMGTOOV GTIS dldpopes Bécelc g 08ovng yopic vo
KIVIGOLV Ta XEpla TovG. ATd TV GAAN TAgvpd, n Opdda 2 pe KAEIGTA To HATIO Kol ENioNG aKivnTo
KEQPAAL EMPENE VO KIVGEL TO KUPLOPYO XEPL TAVEO GTO TAEYLO TOL YDPOL OO APLOTEPA TTPOG TOL dEEL
Kol 0 TAVE® TPOG TO KATW OVA YPOUUT LE OKOTO TNV Kmdtkomoinot tov. ['a va otabel duvatd oo,
TPV TV EvapéN OVTOL TOL HEPOLS YO TOVG GLUUETEYOVTEG TG Opdoog 2, mhve amd 6Tov YHOPO
TomofeTOVTOV AVAYAVPO TAEYLO TTOV YOPLE PE akpifelo TO TAEYUO TOL XDPOL TO OTOIO0 GTI GLUVEXELN
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aporpovvtay. Ta ymrTikd oAt TOV LITOINA®VOY OTL Ol GUUUETEYOVTES EMPETE VO, EEKIVIIGOVY KO VoL
OTOLOTOOVV TNV dladikacia TG Kodikonoinong miatciovoy avtd ta 30 devuteporenta.

2V mopokdTe eikdvo dtakpivovtal To. V0 TPATH GTOLYEID YOV TOL €ival TAAL TOL MYNTIKE GNUATO
OV TAQLIGLOVOLV OVTNHV TNV Tpitn @don tov mewpduatog (encoding_go kot encoding_stop). Xtnv
ovvéyela vapyovv 24 otoryeio mnktpov (buttonl 1 éwc buttond_6) axpifdg 6ca Kot Ta TETpAy®VOL
0V 4X6 Ydpov ta omoia ®wotodco eivor un emAé&a (non-clickable). To TAfKTpa avtd Topapévovv
evepyd yuo 30 devtepOAenTa aKPBAOS Y10 OGO TPEMEL O GLUUETEXOVTES VO KOOIKOTOMGOLV TOV Y MPO.

% spatialExp.psyexp - PsychoPy Builder (v2023.2.3)

File Edit View Tools Expeiiment Demos Pavloviaorg Window Help

oY IELEQROQCRIRAQQ

Routines =}

rest restinit movementint movement encodinginit trialsinit back go encoding 5

© Routine settings 0 5 10 15 20 25 30

S— t(sec)

encoding_go  CJ)
encoding_stop ) —
button11 O
button1_2 @
button13 O
button14 CF
button1_5 Q
button16 Cf
button2_1 O
button2_2 @
button23 CF
button2_4 @
button2_5 q
button2.6 O
button3_1 @
button3 2
button33 O
button3_4 Q
button35 O
button36
button4_1 @
button4 2 CF
buttond_3 @
button4 4 q
button4 5 CF
button4_6 @

t(sec)

0 5 10 15 20 25 30
Ewcova 27 ddon 3: O nyog s évaplng, n eupovion 6iwv twv 24 keiwv tov mAéyuozog otnv 00oévn yio 30
0EVTEPOAETTTO, KAl O YOS THG ANENS

Kotd ) didpkeia Tov T€T0pTOL Kot TEAELTAION HEPOVS AAUPBAVEL XDPO TO KOPLO LEPOC TOV TEPALOTOC
Kot ot 0Vvo Opddeg axorovOncav axpifmng Tig 1d1eg odnyiec. To ohvoro TV GLUUETEXOVI®V E£lxE
KAEOTA TO. PATIL pe pio pdoka. Xty opyn tovg {nmonke va mopapsivovv og npepio péypt va
OKOVOOVV TOV YOPOKTNPIOTIKO MX0. TN CLVEXELWD, oKoAovBovGe 1 ovopacio g 0Eong Tov TAEYHOTOG
0TO OTO{0 KOAOOVTAV VO, 001 YOOVV TOV OEIKTY] TOL KLPIOPYOL YEPLOV TOVG, Y10 TAPAOELYHO «dVO
KOUpo Tpioy onpaivel deVTEPO TETPAYWOVO TNG TPITNG GEPAS TOL TAEYUATOS. MOMG 0 YOopaKTNPIETIKOG
NYOS aKoVYOTOV Yio OEVTEPT POPA 1 KIvnom TOL YEPLOV £MPENE VO EEKIVIGEL KOl O GUUUETEXOVTOG
dyywle v emBounm 0éom. o v amogpuyr mBavdv ceaipdtov 1 embounty Béorm Enpeme va
IAwBel pe dumhn micon (double tap). Télog, 6tav o Myog EAvoKoLYOTOV, OO TOV GUUUETEXOVTO
ntovtov vo emoTpEYEL TO ¥EPL TOL otV opykn otabepr Béon. H apywn 0éon opiletar g éva
ot0fepd onpeio To 0moio AKOLUTAEL GLVEXDG TO aPloTEPS XEPL Kot TO Oeél, TO OmOio GUUUETEYEL GTO
TEIPOLOL, OKOVUTTAEL TO OPIOTEPO DGTE TAVTO VO EEKIVAEL TNV KIVN o1 TOL 0d GLYKEKPIUEVO onueio.

Otav o gmtnpntg ToL TEWPAUATOS EPAETE OTL O GUUUETEYOVTOG £XEL OVTIMG EMOTPEYEL TO KLpiopyo
¥€pL Tov otV mpokabopiopuévn Béom €0ve TNV KATAAANAN EVIOA] GTOV LTOAOYIOTN TOTMOVTOS TO
TAAKTPO ‘Space’ Kot 1 EmOUEVN EMOAVAANYT TS TETOPTNG PACNG EEKIVOVUCE LE 2 OEVLTEPOAETTA KEVO,
Y v EEKOVPOGTEL O GUUUETEXOVTOG, Kol UE TO 1010 aKplPdg YopoKTNPLoTiKE Ko (nrovueva, ektdg
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and v B€on 1 omoia {NTOVTOV ALTAV TN POPA OO TOV GUUUETEXOVTO. ZVVOMKA Ol ETAVOANYELS TNG
Tétopng eaong Nrav 40.

Y1c ewdveg mov akoAovBovv @aivetar m vAomoinomn G TETAPTNG Kol TEAELTOIOG (Aong TOv
TEPAUATOG. XTNV OpY] TOV GTOWXEIV LTV T1 QOPA LITAPYOLV TPio NYNTIKE oNuaTa. ZTNV apyn
vrapyel to ready_cue mov mpoetoludlel Tov cvupetéyovta 0Tt 1 B€on Tov XDOPOL TNV oToin KaAsitat
va ayyiget Bo avakovmbel pécm NyMTIKOL GNUATOS GUVTOO, GTNV GLVEXELD UETA amd akpiag Eva
devTEPOAETTO 0 NYOG cue mailel. O Myog Cue eivarl emiong TAvVTA SLAPKELNG EVOG OEVTEPOAENTTOV KOl
amoKoAOTTEL TNV BéoM ToL 0 cvupeTEYovTag TPEneL va. fpel. Méoa oe avtd T0 oTolKEl0 LVITAPYOLY
eoptopéva OA0 Ta TOAVE onpeio TOL YOPOL OCTOCO TO TPOYPUULO OLOAEYEL SLVOUIKA Kot Tuyoio
Ka0e popd éva GAAO onueio. TV GLVEKELD, HETA omd TaOoT VOGS SEVTEPOAETTOD, TO NYNTIKO GNLOL
(go_cue) mov onuatodotel Ty ANEN TOL GTOYEIOL KOt TNV EvapEN TG SOKIUNG ad TOV GUUUETEXOVTO
nailel. Metd, vmapyovv mdAr 24 otoyeion apng aAAd ovTAV TNV QOPA Evol TPOYPOUUATIGUEVE VO
avayvopilovv v mieon kot 0tav aviiAn@Bodv dutAn mieon va teppaticovv avtd T 6TAd10 BOTE Vo
TEPAGEL TO TEIPALLO GTA ETOUEVO GTOLYELOL.

% spatialExp.psyexp - PsychoPy Builder (v2023.2.3)
File Edit View Tools Experiment Demos Pavloviaorg Window Help

Routines.

rest restinit movementinit movement encoding init trialsinit back go x encoding

© Routine settings 0 2 n 5 s 10 12

ready_cue ) [r— t(sec)
we o ——
go_cue i
touchgrid [}
goblockl_1 g
goblockl 2 ¢
goblock13 gk
goblockl 4 gk
goblockl 5 g
goblock1 5 gk
goblock2_1 ‘
goblock22 gk
goblock23 gk
goblock2_ 4 ‘
goblock25 gk
goblock2 6 g
goblock3 1 gk
goblock3 2 gk
goblock33 gk
goblock3 4 gk
goblock3 5 gk
gobleck3 6 g
goblockd 1 gk
goblockd 2 gk
goblocka3 gk
goblockd 4 gk
goblockd 5 gk
goblockd 6 g

t(sec)

0 2 4 6 8 10 12

Eixova 28 ®don 4: H ovaxoivwon te 0éong mov mpénel va TECEL 0 COUUETEXOVTOS KOL 1] TLECT]

Metd v duth mieon Eekvdier | 01001KaGI0 EMGTPOPNG TOV GLUUETEXOVTO OTNV B€on avapopds doTE
VO TPOETOOOTEL Yoo TV €mMOUEVN €mMOVAANYT. ALTO YiVETIH HEC® TOV YOPOKTINPICTIKOL 1YOL
dibpkelag evog devteporémtov (return_cue). Otav o mapaTnpNTHS TOL TEWPAUOTOS GIYOLPEVTEL OTL TO
Kuplopyo YEPL TOV CLUUETEXOVTA PPIcKETON KO TAAL GTO OMUEID avaPOPAS TOTdEL TO TANKTO SPace yio
TOV TEPLOTIOUO, EVIOAN TTOV EUTEPIEYETAL 6TO 6TOLYEI0 TANKTpOLOYiov (trial_end).
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@ spatialexp.psyexp - PsychoPy Builder (v2023.23)
File Edit View Tools Experiment Demos Pavloviaorg Window Help

PERESe PR PEGOGRRRAa

Routines. =]

rest restinit movementinit movement encoding_init tralsinit back x go encoding S

? Routine setings 0 02 04 06 08 1 12 14 16 18 2

t(seq

return_cue )

trial_end
backgrid1_1
backgrid12
backgrid1.3
backgrid1.4
backgrid1.5
backgrid1_6
backgrid2_1
backgrid2_2
backgrid2_3
backgrid2_4
backgrid2_5
backgrid2 6
backgrid3_1
backgrid3_2
backgrid3_3
backgrid3 4
backgrid3.5
backgrid3_6
backgrid4_1
backgrid4_2
backgrid4 3
backgrid4 4
backgrid4 5
backgrid4_6

&) B ) ) Bl o) B ) o) ) ) o) ) o) B ) o) B ) ) B ) B

t(sec)
0 02 04 0.6 0.8 1 12 14 16 18 2

Eixova 29 dacn 4: O nyoc Anéng ¢ emavalnyns ko n wicon tov tAfktpov 'Space’ amo tov emtnpnty

H ovvoAikn ypovikn €KTaom ToL TEPARATOS Katd HEGOo 0po amd OAOVG TovG GLUUETEYOVTAG NTav 850
devteporenta (nepimov 14 Aentd).

O y®POG OV Ol GLUUETEXOVTEG GE OVTO TO TEIPALO KANONKOV VO KOSIKOTOGOVV KOl GTHV GUVEYELNL
VO TPOCAVATOMGTOVV \Tav €va TAEYHO 4X6 mov Ppiokdtav otn pio 006vn aeng Pi Display 7 wtcov
Kot avéivong 800x480 tng katackevdotplog etapeiog Waveshare, n omoio tov Gueco cuvoedepuévn
LLE TOV DTTOAOYLGTN TTOV NAEYYE TN POT] TOV TEPELATOG.

Onwg mpoavaeéptnke pe okond va otabetl duvatn 1 por| ToL TEWPAUATOS Ol GUUUETEXOVTES TOV NTAV
oTNV OUAd0 TOPEUTOSIGUEVIC OpAoNG ETPETE VO UTOPOLV Ue TNV Pondeta TG apng va dlakpivouy 1o
TAEYUO TETPAYOVAOV OTAV aVTO gpeavifotav Tave otny 00ovn. T'a tov Adyo avtd, éva avayilved
TAEYUO. OV TTPOCOUOIMVE TNV €KOVAL oL eueaviie M 0B6vn Kataokevdotnke pe tn Pondela
TpLodidotatov ektvmot. To mepi Adyov mAéypo dmuovpynbnke pe tn Pondeid tov AoyiopKo
FreeCAD.
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hw
WX -2 e - QOEED

Label Pocket

Type Length
Length 00 mm
Length2 10000 mm
Use Custom... false

> Direction [1.001.001.00]

Eixova 30 Kdaroyn ano tov asélaa,uo' 0V TAEYUOTOS

Mo v Kotaypaen TV S1EPYOCIOV TOV EYKEPAAOV Y¥PNCILOTOONKE TO KPpAvog Kataypagng (cap)
Ultracortex "Mark 1V" t¢ OpenBClI [77], [78], [79], éva exturndoipo Tpidv dwotdoemy (3D printed)
oV emTpEMEL TV AqYn onuatog uéxpt kKo 16 kovolmv. To kavaio Ayng pmopovv vo gival
omowadnmote amd Tig 35 Béoelg tov cvotnuatog 10-20 mov avtd to cap dwbétel, divoviag €Tl TG
evkatpio. LEYAANG TPOCUPHOCTIKOTNTAG GTO EKACTOTE TEIpaa apol pmopel va yivel emloyn avdueco
otg 35 Béoeic pe Paon Tig Wiaitepeg avaykeg e Kabe mepiotaong. EmmAéov, avtd 10 poviéro
ypnoponotel oteyva (dry) niextpddia, TPOoPEPOVTOG TNV IKAVOTNTA 0OIEAKOTNG KOTOYPUPNG POV deV
OTOLTOVVTOL TOKTIKES TAVGELS Yo EQappoy] YéANG ota onpeia. H emioyn tov cuykekpiévon tomov
NAekTpodiov d1evkoAdvel T6G0 Tov eEeTalOpevo, KOOMG 0 GLVOMKOG XPOVOS KOl 1 TOAVTAOKOTNTA

EYKOTAOTOONG LELMVOVTAL, OALG KOl TO 1dpupa apod petdveTal To otkovopkd koatog [80], [81], [82],
[83], [84], [85].

H OpenBCl dwbétel, eniong, 1o cbumieypo mhaketov Cyton kar Daisy mov divovv tv dvvatdtnta
Myng ofuotog uéxpt 16 xavalidv pe emeEepyaotr 32-bit kot umopodv va aviietoryicbodv oe
woapBua kavéiio EEG. H mhaxéta Cyton givatl n factkn Tov d0V0 TAAKET®V KOl TPOYUATOTOLEL TNV
oLVOEDN UE TO NAEKTPOSIOL, TV UETATPOTN TOV GHLOTOS GE YNPLOKO KO TV OTOGTOAN TV d£S0UEVOV
uéow Bluetooth. H petagopd upéowm Bluetooth zmpaypoatomoleitonr pe v Ponbeia kot &vog
npocappoyéo (dongle) mov mapéyetan omd v OpenBCl, o omoiog AapuPdvel o dedopéva Katl pe ™
oelpd Tov 1O, pETAPEPEL 6TOV VITOAOYIoTH. H devtepevovsa mhakéta Tov copniéypotog, n Daisy, eivat
ent g ovolag pio eméktaon Tov TPoavapePHEVTOS GLOTNUOTOC TPOcHEToviag TV dLuVATOTNTA
VIOoTNPIENG EMIAEOV 8 KAVOADV, OTAVOVTOG TEAMKEA TV GuVOAIKO apBud ota 16. [86], [87], [88]

Mo va otabel dvvar N mapondveo mepopatiky dwitaln énpene va ektvnwbodv oe 3D ekt
mboc efoptnudtov. H exktdmwon kol Kotookevy Tov Katwbl dev €ytve oto mAoica NG
OLYKEKPILEVNG epyacioc. 2oToco Oa yivel pio cOvIoun avaeopd otny dladKacio Tov akolovdnonke.

"Enpene va ektunmBolv ta eEaptripota:

- Xxeletdg kbokag kotoypoeng (frame)
- E&apmiuata okeAetod yio TV Tpocopproyn tov niektpodiov (mech parts)
- E&apmiuata okeAETOD Y10, THV TPOGOPUOYT TOV KaAwdimv (Wire parts)
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- Ok Yy v tomobétnon tov cvpmiéypotog miaketdv Cyton+Daisy mave oty kdoka
kataypaeng (board mount kot board cover)

[No ta mopamdveo ypnowomombnioay to apyeion mov mapoywpndnkav ard tyv OpenBCl, ta omoia
TPOGOPUOGTNKOV GTOV TPLGOIOTOTO EKTLIOTH pe TV Pondela tov makétwv Aoyispkov PursaSlicer
(Aoylopikd g etarpeiog oTNV omoio VITAYETAL O ¥PNOILOTO0VUEVOS ekTLTTMTNG) Kot Ultimaker Cura
(TpOYPOLLLO YEVIKOD GKOTOV Y10 TPLOOIAOTOTEG EKTVIMGELS).

O oKeAETOC TOV MAEKTPOEYKEPAAOYPAPOV EKTLIMONKE GE OVO JPOPETIKA KOUUATIO GE 166p10pES
JLKPLTEG O100TKUGTIES.

Ultimaker Cura PREVIEW MONITOR

(| Prusai3

Eixova 32 Extonwon tov okedetod
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Eixcova 33 To. 2 510xp1td, KOUUATIO TOD TKEAETOD NAEKTPOEYKEPOAOYPEPOD EKTOTWUEV L

To ohvoro tov vrdorommv eEapmudtmv (mech parts, wire clips, board mount, board cover) éywe oe
KOO apyelo Kot dtodikacio 1 omoio PoivETOL TUPUKATO.
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Eixova 35 Extorwon v eloptqudtav - Apyixo otadio

Ta empépovg £opTNUATO TPOSAPUOGTIKOV GTOV GKEAETO TOV NAEKTPOEYKEPAAOYPAPOV, KOt HUETE TNV
gpappoyn OAwv tov eEoptudteyv, ToV NAekTpodiov Kot tov mloaketdv Cyton+Daisy péoca oty
KOTOAANAY O1K1 TPOEKVYE TO TEAKO ATOTELECLLO TTOV POIVETOL GTNV CLUVEXELX:

Ewxova 36 Oloxinpouévn kdoxa nlextpoeyrepaloypapov OpenBCl
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Eiwova 37 Xovdeon nlektpodiov pe to ovotnua Cyton+Daisy

Ocov agopd v ochvdeon tov kahmdiov otig mhakéteg Cyton+Daisy, emonpoaivetol 0Tt Katd v
aVATTLEN TOV AOYIGHIKOD Kol Tr ONUoVPYio TOL SIHAOL KATOYPAPT|G NAEKTPOEYKEPAAOYPAUPT LALTOG,
d00nKe mPOGOYN| MGTE Ol ETIKETEG TOV KOVOAM®MDY KOATOYPOPNS TOV OPIGTNKOV GTO AOYICUIKO 7OV
avantiynke va tovtiloviol pe TIC GLVOEGELS TOV KAVOAMV GE EMIMESO VAIKOL COUOOVO LE TOV

TOPUKATO TIVOKOL:

ITivaxag 2 Hiextpooia niextpoeyrepotoypagpov OpenBCl

Electrode
Ear Clip
FP1
FP2
C3
C4
P7
P8
01
02
Ear Clip
F7
F8
F3
F4
T7
T8
P3
P4

Board
Cyton
Cyton
Cyton
Cyton
Cyton
Cyton
Cyton
Cyton
Cyton
Cyton
Daisy
Daisy
Daisy
Daisy
Daisy
Daisy
Daisy
Daisy

Pin
Bottom SRB pin
Bottom N1P pin
Bottom N2P pin
Bottom N3P pin
Bottom N4P pin
Bottom N5P pin
Bottom N6P pin
Bottom N7P pin
Bottom N8P pin
Bottom BIAS pin
Bottom N1P pin
Bottom N2P pin
Bottom N3P pin
Bottom N4P pin
Bottom N5P pin
Bottom NG6P pin
Bottom N7P pin
Bottom N8P pin
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7.4. Aqyn Agoopévov

[No mv e&ayny| TOV TEPOUATIKOV  OTOTEAECUATOV — TPOYUATOTOMONKAV — KOTAYPOUPES
niektpogykeparoypapnuatog (HET) oe suvohikd déka (10) vyieic eBeloviég, nhikiag 25 éwg 35 etov,
ex Tov omoiwv €51 (6) ftav avopeg Ko t€ooeptg (4) yuvaikes. Ot GUUUETEXOVTEG OEV ElYOV 1GTOPIKO
VEVPOAOYIK®DV 1] YLYOAOYIKAOV dl0TOPAYDV Kol 0OV TPOPOPIKY] GLYKATAOEST Yol TN GLUUETOYN
toug oto melpapa. To melpapo mpaypoatomombnke oe epyacmpro tov EbBvikod Metcofiov
[Tolvteyveiov, o€ eleyyouevo mepiPdAhov pe meplopiopéveg eEmtepkéc  mapepPoréc. Ot
CUUUETEYOVTEG YPioTNKAY G 000 100PIOUES OUAOEC GOUPMOVO LE TO TEPAUATIKO TPWTOKOAA0. H
mpd™n opdda (Control Group) K®IKOTOINGE TOV YMPO UE TN XPNON TNG OPOONG Kl EKTEAECE TO
Kupimg PEPOC TOV TEWPANOTOG HE TapeUmodtopuévn 6paot. H dedtepn opdoda (Study Group) extédece
T0 melpapa €& oAOKANPOL Ywpic ontikd epebiopata, pe Kodlvupéva pdatio kad’ oAn ) owpkewo. Kot
oT1g 000 TEPIMTAOGELS, Ol CLUUETEOVTEG EMPENE VAL EKTEAEGOVV TIG 101€G PAGELS TOV TEPAUATOG, OTMG
avtég elyav avantvybel oto Aoyiopkd PsychoPy, akolovBdvTag Tic nymtucés odnyieg Kot eKTEAM®VTAG
TIG OVTIOTOUYEG Y MPIKEG EPYOGIES.

H mpoetopacio kabe coppetéyovra mepleAdpufave apytkd cOVIOUN EVNUEPOGT KOl ETEENYNON TOV
oTOY®V TOV TEWPANOTOS, KAOMG KOl OVOAVTIKY| TOPOLGINCT TOV EMUEPOVS PAGEDY TOV. XT1 GLVEYELD,
TpaypotonomOnke n tomobétnon g Kkdokag niektpogykeparoypapnuatog OpenBCI Ultracortex
Mark IV, pe tovtdypovn mpoonddeia ertioTonoinong g enaens Tmv NAEKTPOdImV LE TO TPLYOTO TNG
KepaAns. o tov okomd avtd ypnoipomombnke n oemoaen ypnot (GUI) tg OpenBCI, n omoia
TapEXEL O TPAYUATIKO YpOVO evOeiEels Yo TNV avtictoon enagng kdbe niektpodiov. Metd v opHn
tomofétnon Kot Tov ELeyyo TG KaoKag, kébe coppetéymv Aapufave odnyieg yio va mapapeivel Gverog
Kot axivntog kof’ OAn T duipkela Tov mEPAnoToc. H cuvolkn didpkewa tov mepdpatog yo KaOe
ocvppetéyovta Ntav mepinov dekatécoepa (14) Aemtd, poli pe emmiéov 25 Aemtd mepimov mov
amottovvTay yo v enenynomn Kot v tonobétnon twv niektpodiov. H dayeipion e mopoyng tov
epebiopdTmv Kot TG Katoypagns tov eVents rpaypatoromdnke pécsm tov Aoyispikov PsychoPy.

[Ma ka0e ocvppetéyovra dnovpynnkav avtopata 6vo apyeio dedopévav o popen .csv. To TpdTO
apyelo TePIElyE TNV TANP KATAYPOPT TOL NAEKTPOEYKEPALOYPOAPTLOTOS, EVD TO OEVTEPO TTEPLEiYE OAL
T, events tov mEPdpaTog, OTwg TV ELPAvion Tav epedicpdatav, Ty Evapén kot AMén kabe edong kot
TIC XPOVIKEG OTIYUEG OMOKPIONG TOV GULUUETEXOVTO, GUUG®VO HE TOV KOdwo tov PsychoPy movu
nmopatifetor  oto  [Mapdpmmuo A. Oila ta  dedopéva  amoBnkedtnkav HE avOVLOHO  TPOTO,
YPNOLOTOIDOVTOS HOVOOIKO KWOKO avoyvodplong v kKébe coppetéyovro, doTe vo. Sl0GPAAMGTEL M
TPOGTAGIO TOV TPOCOTIKDOV OEOOUEVMV.
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8. Avaivon Asdouévav

IMa v avédlvon Tov 0£00UEVOV TOV NAEKTPOEYKEPAAOYPAPTLOTOS TOV GLAAEXONKAY oTo TAAicLO
avtoh TOoL TEPAUATOS ypnotponomdnke 1o MATLAB kat cvykekpiuévo 1 €kdoon R2022b, pe tov
avoALTIKO kmOka vo mepthaufPdavetoar oto Tlapapmua B. To MATLAB eivor éva mepifdiiov
aplOUNTIKNG VTOAOYIOTIKNG Kol U0 YADGGO TPOYPOUUUATICUOD TOAAOTAMY TAPAOEIYUAT®V TOV
avantoydnke amd v etapeion MathWorks kat mepilapfavel peydlo nAnbog maxkétwv avalvong
dedopévov. 'Eva and avtd eivar 1o EEGLAB mov ypnoiponomdnke ektevdg yio avtiv TV avaAvon.
To EEGLAB egivat éva dtadpactikd makéto (toolbox) yio v eneepyacio cuveydv kot oyxetilopevov
ue oopPavra (event-related) EEG, MEG kot dALo NAEKTPOPUGIOAOYIK®Y OEGOUEVOV EVGOUATOVOVTOG
avaivorn oaveEaptntov ocvviotwo®v (ICA), avdivon ypdvov/cuyvotntog, amdppyn TEYVIKOV
CQOANATOV Kol TOAAGL GAAa ypriowa epyareio. To EEGLAB dwbétel emiong pio ypagikn demoen
(GUD) yio mo edxoAn emelepyacio TV Sed0UEVOV, MCGTOCGO GE OGLTAV TNV AVOAVLGOT O&V
ypnowonomdnke. Avt’ avtod, vapyel  evroln ‘eeglab nogui;’ étol dote va exkivnOei to EEGLAB
Yopic dpmg t Ypoekn demar. Emmiéov, to EEGLAB dwBdlet ta mapaydueva apyeia and yvootd
HOVTELQ NAEKTPOEYKEPAAOYPAP®V KOL TO LETATPETOVY O TOLATO GTN LOPPT] TTOV TO TAKETO YPpeLdleTon
vy Vv avdivon. Qotd60 SvoTLYMG dEV VTAPYEL TETOW GLVAPTNOT va dtaalel .CSV apyeior Tov
TOPAYEL O NAEKTPOEYKEPAAOYPAPOG TTOV ¥pnoipomomdnke oto mapov meipapa. o va mpoomepactel
avt) 1 dvokoria, 60nKe cav €i6080¢ 610 TPOYpappa Eva evoskTikd apyeio HED tomov .bdf (amd
dapopeTikd meipapa), To oroio dwaPdotnke omd TV cvvaptnon pop_biosig kot e&fyaye ta dedopéva
otV KoTdAANAn popen (struct eeg_demo). Xt cvvéyeta, éva .CSV apyeio pe dedopévo omd 10 Tapdv
neipopa ewonydn oto MATLAB upe 1t ocvvaptnon readtable ot omobnkevtnke oe Egywpiom
uetofAnt exp_data, mpokewévov va evoopatwbodv otn doun eeg_demo, n omoion pmopei va
ypnoorombel and to EEGLAB.

I'o tov oxomd avtod, apyikd opilovtal ot Pacikéc petaPAntég tov mEpauatog otn doun eeg_demo
Onmwg 0 apBpog Tov KavaAldv kot o puOudg kotaypaens (eeg_channelnum = 16; eeg_sample_rate =
125;). Emmléov, opiotnke 10 medio NG SOUNC OESOUEVOV TOV OVTIOTOUEL OTO OEOOUEV TMV
KATOypap®V, T0 omoio avTiotolyel oe évav mivako pe oTNAES OAM TO MAEKTPOSOIO KOl YPOUUES TIG
YPOVIKEC GTIYUEG TNG KATAYPOENS Yo KaBe nAekTpdO10. ETopévmg, amd ta 0ed0iéva TG KOTOYpOpg
ypnoomroovvtal 16 otieg mov avtioToryohv oTov aplnd TV NAEKTPOdiY, Evd amoppimTovTal
oTAeg mov dev  aSlomolovvtal o610 Tapdv  mElpapo. Avtég  dyplgoviol HE TNV EVIOAN
exp_data=removevars(exp_data,{'’AccelChannel0’,  'AccelChannell’, 'AccelChannel2’,  'Other’,
‘Other_1', 'Other_2', *Other_3', 'Other_4'," Other_5', 'Other_6', 'AnalogChannel0’, 'AnalogChannell’,
'‘AnalogChannel2'}).

"Emerta o1 ovopaoieg tov niektpodiov e doung eeg_demo petovopdloviol MGTE VoL OVTIGTOLOVV GE
avtéc Tov exp_data kot tov povtédov 10-20 mwov akolovdeitat. Ot TOTOYPAPIKES TANPOPOPIES Y1 TO
mo¥ Bpioketan To kiBe NAEKTPOSI0 TAV® GTO Kpavio glcdyovion omd Evo eEmTePKO 0pyelo OVOUATOC
chanlogs kot eicdyovtatl otnv petofAnt g doung eeg_demo.chanlogs.

Emunpocbeta, opiotnke 10 kéEpdog (gain) oe 24, £161 OGTE 6T CLVEXELD VO, VTTOAOYIOTEL O GUVIEAEGTNG
KAMpoKog mov Tpénel va epaplooTel (Le TOAAATANGIOGUO) OTIG LETPNGELG TNG CLYKEKPIUEVNG SLATAENC
omwg avtég epeovifovtal oTo OKOTEPYOOTO OEOOUEVO, MGTE VO TPOKOWYOLV Ol TPOYHOTIKEG
LETPOVUEVEG TIULES.

4.5/ _
ain
eeg scale factor = g (223 — 1) VOlts/count
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Metd v oAoKAN PG TG TOPATAVE® SL0OIKOGIOG, TPOKVTTEL 1) TEMKN LOPPN TNG OOUNG €ed_exp mov
TEPIAOUPAVEL OAES TIC TANPOPOPIEG TOV TMEPAUATOS OTN CMOOTN UOPPT YO TEPULTEP® EMEEEPYATIOL
SVVOTTIKA, o1 Bacikég TapaueTpol Tov opiotnkav meptlaufavovv tig e€ng: setname, filename, nbchan
(cvvolikde aplBudc miektpodiov), srate (pvOudg detypotonyiag), Xmin (gldylot) Ty TOV
dedopévav), Xmax (uéytotn Tiun tov dedouévmv), times (1 ypoupiky xpovikn akolovdio tTov oTryudv
Katd TV omoimv ot THég Tmv NAekTpodinv kataypdeovtav), data (ot petpnoelc Tov Katéypagay to
NAEKTPOSLEL), PNtS (0 0plOUOG TV KAPE/YPOVIKDY GNUEI®V OV TEWPOALOTIKY ETOYN).

Apyikd ypnowomoteitar 1 cuvaptnon pop_reref, cuvéptnon mov mapéyetl To makéto tov EEGLAB, 1
omoia. vroAoyilel tov péco 6po tov oNuatog omd OAo ta NAekTpodia tov HEI kot tov apopel amod
KaOe Nhextpodia Yo Kabe ypovikn otiyun], péBodog yvoot ko mg average reference. X cvvéyeia, n
€€000C NG ouvvaptong avTng mepVhel ®¢ &€icodog ot ocuvvdptnon pop_resample n omoia
enavadetypatonmtel to ofua. O pvOude derypatonyiog petpdrtal oe Hertz (Hz) kou xkaBopilel tov
pLOUO, VA dEVTEPOLETTO, LLE TOV OTTOLO EYIVE 1) SELYUATOANYIN TOV apYIKOV avaAoykoy orjuatoc. Oco
vynAoTeEPOg etvor o puBudg derypatoAnyiag, oo peyoAvtepn eivar m ypovikn oxkpifel ™G
avamopactacng Tov onpatos. Ed® to onua emavadetypatoinmieiton ota 125Hz.

Meléteg kat petpnoelg £xovv dgietl 0Tt OAn M yproyn TAnpogopio o éva HEI Bpioketon peta&d ota
1-50Hz. Avtog eivar 0 Adyog mov Gt cuvéxela 1 doun epvdetl and Eva Lovomepatd eIATPo mov KOPEL
T1G oLYVOTNTES YoUnAoTEpa omd 1HZ kat avtég yniotepa and 50 Hz.

‘Emetta, ta dedopévo g doung eeg_data mepvave omd t ocvvdptnon detrend yio apoaipgon toyov
YPOUMKNAG ouvictdoac. H ouvaptnon pop_runica eivar n enduevn otnv omoia mpowbovdviar cov
€ic0d0 10, dedouéva amd v £Eodo tng detrend. Avti m ocuvvdptnon TPEYEL TV avAALOT TOV
aveEaptitov cvvictocmv (ICA). Me v fondeto avtig ¢ avaivong umopovv vo. agarpefodv Toyov
BopvPot mov pmopel va givol evoopATOUEVOL 0TO dEOOUEVO OTTMOC Yo TOPAdELYa Kiviion HVAV,
avoryokieiowo patiov N kivnon avtov. Ta amotedéopata g ICA, onAadr ov aveEdptnteg
CLVIGTOGES OV gvtomiotnkay omewkoviCovtar pe v Pondewa g ocvvaptnong pop_topoplot oe
ddypappa. To EEGLAB mapéyet v dvvatdémto péow tng iclabel avtopotng ta&wvounong tov
CLVIGTOG®V, 6mov pmopel vo amopaviel e Tocootd ti pnopet va avimrpoownevel 1 kdBe GuvicTOGO
(eykepalik| dpactnpotra, kivinon poatidv, Kivnon poov, k.6.). Me t Bonfeia g mopamdveo
ta&wvounong 1 cvvaptnon Pop_subcomp umopel vo a@apécel and T0 GUVOLO TOV deB0UEV®V TNV
oLVVIOTAOCO oL amoTeAel BOpLPO Yo TIG EKACTOTE AVAYKES, PTAVEL Vo BEcEl Kavelg cov TOPAUETPO
oTNV OLVAPTNON NG GLVICTOGH 7oL Oéhel va aeopécel. Metd v extéleon G avaivong
aveEAPTNTOV GLVIGTOGOV, EPUPUOCTNKE 1 OAOKAGIN oLTOUATNG TASIVOUNONG HEC® TOV EPYAAEion
ICLabel oo EEGLAB. To ICLabel vroloyilel tTnv mbBavotnta kédbe cuVIcTOCHS VO AVTUTPOCSHOTEVEL
EYKEQAAKT dpacTnplotnTa 1 TNy BopvPov, OT®MG KIVIGEIS HATIOV, UVIKEG GLUOTAGELS | NAEKTPIKES
mopepPoréc. Me Bdom ta amoteAéopata ¢ TaSvounong, amoppiepdnkay EMAEKTIKE Ol GUVIGTOGES
OV EUEAVICOY VYNAN] OLOYETION HE UM EYKEQOMKEC TNYEG, YPNOWLOTOLOVING TN GLVAPTNON
pop_subcomp. Mg avtév Ttov TpdmMO dSrotnpnOnkov povo ot Kabapic EYKEQPOAKES GLVIGTOGEG,
BeAtidvovTog oNUOVTIKG TNV TodTNTO TOL ONUATOS Yo To €MOUEVE OTASW avaAvons. Me tnv
aQOipecn KOl TOV CLVICTOCMV 1oL omodidovtar oe B6pvPo, n enelepyasio tov onuatoc HED mov
AapBavetal amd TOVG CLUUETEXOVTEG OAOKAPOVETAL.

11 cvvéyEla TpaypatoromOnke avdAvon oto medio g cvyvottag pécm Metaoynuatiopov Fourier
(FFT), mpoxeévov vo. DTOAOYIGTEL 1 EVEPYEWNKN KOTOVOUN TOV onpdtwv otlg Pacikés {dveg
ovyvotTNTOV. Metd tov petacynuaticpd epapuodotnkay Covomepatd ¢idtpo (bandpass) ywo v
amopovmon empépovg Lovav: 6 (1-4 Hz), 6 (4-8 Hz), dhpa (8-13 Hz), B (13-30 Hz) ka1 y (30-50 Hz).
H amopdvmon autdv tov QacuaTiK®V TEPLOYOV ETETPEYE TN GVYKPION TNG PACHATIKNG 10Y00G LETAED
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TOV OV0 TEPAUATIKOV OHAd®V Kot TNV eEaywyn evoeilemv yoo mBaveg SPOPOTOUCES OTN
VELPOVIKT dPAGTNPLOTNTO VIO TIC SUPOPETIKES GLVONKES OPAONG KOl AITOLGIOG OPOCTC.

Metd 10 mépag TG avalvong OAmV TV JEJ0UEVOV TOL GULAAEYONKOV Omd OAo. To. GTOUO 7OV
ocvoppeteiyav oto meipapa, ovalntOnKov OTOTIOTIKA ONUAVTIKEG OlPOpPEG OTO OEOOUEVO TOV
NAEKTPOEYKEPAAOYPAPNLLATOG avapesa oe Opdoa 1 kot Oudda 2 katd ™ deoymyn Tov TEPAUATOS.
To ovumépacpa avtd Ba egaybel pe ™ Ponbewo g oTATIOTIKNAG OvOAvo™G, OToL avalnteiton pe
dupopec  pebddovg o mpocdiopicudc tov  Pabuod  eumictoovvng oty eoymyn  OCEUADV
CUUTEPOCUATOV HESH OmO TEPLOPICUEVO Oelypa OEOOUEV@V €VOG EVPVTEPOV GLVOAOL. ZNUAVTIKO
ePYOAEID TNG OTATIOTIKNAG OVAALONG ToL Ponbdel Tov TOPATAV® CKOTO €ivol TO GTATIOTIKO TEGT
(statistical hypothesis tests).

Ta ototiotikd teoT elval poOnuatikd epyoieion Yoo TNV OVAALGN TOGOTIK®V OEOOUEVMOV TTOL
npoKvTTTOVY amo pio epevvnTikn pedétn. Kabe epguvntig €xet évav peydio aplBpd oTtoTioTiKOV TE0T
oTN PAPETPO TOV O T ool TO KaBEVA TPEMEL, OUWMS, VO YPNCLOTOLEITOL KATM OO GUYKEKPIUEVES
ouvOnKeS Kot 0ALALEL AVOAGY®G LE TO EMGTNUOVIKO EPATNLLO OV TPEMEL VoL amavinOel, tn doun tov
dedopEVMV Kot TO oyedoopd e pedétng. Ipv kav v Evapén g TEPAUATIKNG d100TKOGTIOG KOt TG
EMAOYNG TOV GTUTICTIKOV TEGT MPEMEL VaL O TVTMOEL 1 EpOdTNON IOV TTPEMEL Vo amavTnOel pe oTo TO
neipapo kobdc ko n pundevikny vrobeon. H pundevikny vedbeon (null hypothesis) eivor éva €idoc
vrdBeomng mov Bewpeitar opOn péypt va amoderydet 1o avtiBeto PAon TOV TEPAUATIKOV dEIOUEV®V.

AoV Ta apyikd epotiuata £rovv tebel kol o1 apykég VTOBEGELS £XOVV GYMNUATICTEL TOL GTOTICTIKA
T€0T MAEYOVTOL AAUPAvVOVTaG LITOYT Tpia Kaiplo KpiTiplo: Tov aptiud Tov HETARANTOV, TOV TUTO TOV
JE0OUEVMV KL TO TPOTOKOALO GYEO1AGHOV TOV Telpduatog [89].

To 6TaTIGTIKA TECT Kol Ol O10d1KAGiEG UTOpovV va ymplotodv pe Bdomn tov aplBud tov petafintov
mov glvor oyedcpéva vo ovolvovv. Xwpilovior oe Tpelc OHAdES, OVTE TOL YPNCLOTOLOVVTAL CE
amAEG LETOPANTEG, OVTAE TOV YPNCLOTOLOVVTOL Y10 VO AVAAVGOVY TNV GXE0T UETOED 000 HETARANTOV
Kol TEAOG OVTE TOV YPTCUOTOIOVVTOL Y10, VO, LOVTEAOTOGOLY TOAV-UETAPANTEG GYEGEIS HeTAED TPLOV
N mepiocotépov petafintav [89].

Mia dAAN Katnyoplomoinon eivat 0 TOMOg TV de0OUEVAOV. AVAAOY®G LE TOV GYESOGUO TOV KAOE
TEWPAUATOG KO TOV TPOTO TOL AAUPAVOVTOL Kol KOTNYOPLOTOouVTaL To. 0ed0Uéva, avTd pmopel vo
givo cvveyn, katnyoploromuéva 1 dvadika [89].

Bdogl tov melpapatikod oyedlacrov, To GTATIGTIKA TECT Y®pilovior e dV0 PaciKEg KaTnyopies:
paired kot unpaired. Ztov paired oyedlocpd, k00e cLUPETEXOV VTOPAAAETAL GE OAEG TIG TEIPOAUOATIKESG
ovvOnkeg, emMTPENOVTOG £T01 TN CVLYKPION HETAED OPOPETIKAOV HETPHGEMY TOV 10100 OTOHOL 1 TNV
OVTIOTOl(10T CLUUETEXOVTOV HETAED TV OpAdV pe BAcn Kowvd yopaktnplotikd. o mapdderypa,
umopet va ovykplBodv 000 HETPNGELS amd TO 1010 ATOHO TPV Kot PETd omd kdmown mopépfacn 1 va
dnuovpynBovv Levyn atou®V pe TaPOUOLN XOPOKTNPIOTIKA Yo Vo evtayBohv 6e d1apopETIKES OLAOES.
AvrtiBeta, otov unpaired oyedloopd KAOe CLUUETEXOV GUUUETEXEL LOVO GE L0 TEPALOTIKY] GLVOTKN
KOl GUVETIMG Ol LETPNGELS TPOEPYOVTOL OO OVEEAPTNTES OLADES, Ol OTOIEG UTOPEL VO, SLOPEPOVV KOl 1OG
1pog To TAN00C TV atduwV oV TEphauBavouy. [89].

To melpopo mov GYESACTNKE KOl TPAYUATOTOONKE Yol TNV GUYKEKPIUEVT] SMAMUOTIKY €pyacio
dwbétel meplocdtepeg omd dVo petaPAntéc, ocvveyn dedopéva kot paired, apov Kabe cuupETEYOVTOG
deényaye pia opd to mElpapo Pe 1 yopig TapeumndoIomn ™S OpacT|g TOL.

Aapupavovtog vwoyn To ToPUTdvVE To VO CTATICTIKA TECT TOL EMAEYONKAV Vo, ¥pnoipomoinBodv givat
70 Student’s t-test kot to Wilcoxon’s rank sum test.
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To Student’s t-test eivar éva teoT Yoo cvveyf dedouévo OV SIEPELVA OV Ol HEGOL OPOL YioL dVO
mANBvopovE elval onUAVTIKG O10POPETIKOTL, VITOBETOVTOGS OTL TaL dEdOUEVE, OKOAOVOOVY TNV KOVOVIKT
Katavounr. Anpootevdnke yio Tpd @opd 1o 1908 610 emiotnuovikd meptodikd Biometrika amd tov
William Sealy Gosset, ypnoipomoidvtag to yevdmvouo Student [90]. To Wilcoxon’s rank sum test
Yvooto emiong ko og Mann-Whitney U test ypnoiponoteitan yio coveyn dedouévo aldd oe avtibeon
e to Student’s t-test dev amattei va givan Kavovikd katavepnuévo, [89].
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9. Amoteréopata

Metd v oAokAnpwon g npoeneepyaciog Tov onudtov HET, tpaypatorombnke n eEaywyn tov
QOGUATIKOV YOPOKTNPIOTIKOV KOl 1] GTOTIOTIKY GVYKPIoT UETOED TV VO TEPAUATIKOV OpAdwv. Mo
KéOe ocvppeTéYovTa voAoyiotTnke N pHéon oyvg avd Lovn kot ava NAEKTPOS10, KOOMDS Kot o1 Hécot
Opol avd opddo. XToV ToPUKATEO Tivako Topovotdloviol ot UECEG TIMEG QUCUOTIKNG 10YVOG Y10l
OVTUTPOCMOTEVTIKES TEPLOYES EVOLUPEPOVTOC avil {dVN, CLUUTEPIAOUPAVOVTOS CTATIGTIKA ONUAVTIKG
amoteAéoparto (p<0.1) kabmg kot tpdceta NAeKTPOdIA TOV OE®POVVTAL TO CYETIKA LE TIC OVTIGTOYES
LdVEC GLYVOTNTOV GOUPMOVO LE TN PVGLOAOYIO.

Iivaxag 3 Méon paouoriki 16)0¢ ave, (v GUYVOTHTWV KOl TEPOLUOTIKY OUAIO,

Opéoa 1 Opéoa 2
(ITapegpmdoon Xopig
‘Opaong) [apepméoron)

Awgopa  p- Cohen’s d
(%) value (95% CI)

Zovn Ieproyn
Xvyvotitov  Eykepdrov

Aérta [Tpopetmmaio 0 0.21
(1-4 Hz) (Fp1-Fp2) 1.22+0.26 1.18£0.23 +3.4% 0.294 (-0.92— 1.28)
nta Metomaio 0 1.05
(4-8 Hz) (F3-Fa) 6.85+1.12 5.61+1.10 +22.1% 0.071 (-0.15— 2.18)
aroo Iviaxn 15 M0 0.97
(8-13 H2) (01-02) 7.42 +£1.02 8.73+1.18 15.0% 0.083 (-0.22 — 2.05)
Pt Kevtpwn 0 0.23
(13-30 Hz) (C3-C4) 3.14+£0.74 2.98 +0.68 +5.4%  0.312 (-0.91 — 1.30)
voppo - BPEIMOTHN - g6L 050 1914046  —2.6%  0.548 010

(30-50 Hz) (P3-P4) (-1.03 - 1.18)

Yvykekpyéva, oty Oudda 2 mapoatnpndnke avénuévn dpactnprotnra ot {OVN GAPA GTOVG WVI0KOVS
Kol Ppeypoticodg AoPolc, O avapevotoy AOY® NG TOPOLGING ONTIKAOV epeCUATOV Kol TNG
EVEPYOTOINGNG TOV TTEPOYDV TOL oyetilovtal pe v ontikn enelepyacio. Avtifeta, oty oudda pe
mopepmodton opaong (Opdda 1) n woydg o {dvn dAga fTov PEWUEVT, EVO TapotnpnOnke adénon
™G wyvog ot {ovn Mt Kupimg OTIG UETOTOUES TEPLOYES, VTOONADVOVTOG EVIOVOTEPT] YVIOOTIKN
TPOoTAOEIL KoL QVENUEVT] EVEPYOTTOINGT UM OTMTIKOV GUOTNUATOV TPOGUVATOAGHOD. Ot dtopopég
aVTEG EMESEIEOV OTATIGTIKY CNUOVTIKOTNTA, KATL TOV (o€ avtiBeon pe Tig {dveg GApa Kot OMta) dev
napatnpnOnke yia tig {dveg déATa, PrTa, Kot yappa. Xe autés, mapatnpninke Hma adEnom g 1oYvog
Yoo TNV Oopddo HE OMTIKN Topeumodion ot {dveg Prta kot 0éAta, evd otig Codvn yoappo
npoypatoromOnke pkpn peiwon. IMapdio ovtd, To omoteAéopoto ovTE OV UmOpPOvV Vo
OTOLYE00ETNGOVV KATOL0 0EIOTIGTN VELPOPLGLOAOYIKN EpUNVEia, Kabdg dev Tapovstdlovy GTATIGTIKN
ONUOVTIKOTNTO.

YvvoMkd, ta dedopéva vrooTNPilovy TNV VTOPEN AEITOVPYIKAOV O1LPOPOTOMGEMY GTNV KOTOVOUT TNG
(QOGUOTIKNG 10Y00G OVALESO OTIC GLVONKES HE Kot ypig OnTIKY €16000, EVM Ol OPLOKES CTOTIGTIKES
TIWES amodidovtal 6To TEPLOPIoUEVO TANOOG CUUUETEYOVTOV.

Emutiéov, oe cuoumeplpopikd emimedo, Kataypdenke yio KAOe GLUUETEXOVIO O XPOVOS OMOKPIONG,
npokeEvoy va mpaypatonomfel cOykpion petald tov opddwv. Onmg NTav ovapevouevo, To
amoteAéopaTa £0E150V LKPOTEPO XPOVO amdkpiong yio v Opdada 1, kbt mov pmopel va amodobel otn
LEYOADTEPY] QWTOTENOIONON KATA TNV amOKPIoN AOY® TNG OMTIKNG KOIKOTOINGNG TOV TEPAUATIKOV
XDPOVL.
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10. Xvumepaocpata

H mopodoa epyoacio diepedviice mmG OPOPOTOLEITAL 1 EYKEPUAIKT OpacTNPOTNTO KOTE TNV
K®OIKOTOINoM Kol TAONYNON GTOV Y®PO LIO GLVONKN TAPEUTOOIONS OpacNS. LTO TANIGIO ALTO, N
OVYKPIOT TOV dVO OUAdWV 0vESEIEE evtovotepn dpaoctnprotnta {dvne 0 otic petomaieg Bécelc otV
OUAO0 L TOPEUTOSION OPAOTG KOl EVIOVOTEPT dpacTnPLOTNTa {OVNG O G€ WVIOKEG Kol PPEYLOTIKEG
TEPLOYES Y10 TNV OUAON YOPIG TAPEUTOIICT OPOUCTG. ZVUTEPLPOPIKE, TapaTNPNONKAY EMTIONG O10LPOPES
oTOV XpOVO OmOKPIoNG UETOEL TOV OUAd®V KOTA TNV TEPapoTiKy owdwkacio. Ilpopoavmg, ot
CLUTEPLPOPIKES OLOPOPEG UIMOPOVY v pUNVELOOLY VIO TO TPicHa OTL 1 OMTIKY KOOKOTOinon
OLELKOAVVEL TN UETEMEITO ATIKN TAOYNGOT, PO LEUDVEL TIG ATOLTGELS YVOGLOKNG eMeEepyaciog KoTd
™ @d&omn TG amoOKPIoNG.

Edv emyepnbeil n epunveia ToV GTOTIOTIKG CUOVTIKOV OTOTEAECUATOV TNG OVOAVGNC TOL GNLLOTOG
NAEKTPOEYKEPAAOYPAPTLLATOG, 1| EVicyvon 6N dpactnpotta s {dvng B vd v amovsia dpacng
etvar oOpe®v”N pe v Kabiepopévn cuoy£Tion g GLYKEKPLUEVNS LOVNG LLE TN YVOOTIKY TpoomdOeta,
Kol TN oTnpnon/avakAnon yopikng minpogopiag, €0KA Otav  omouteitol moAvoisOnTnplok
E0MTEPIKN yapToypdonon (o€ oyéon pe v amAr otk kwdikomoinon) [[91], [92]]. Ocov agopd tig
dpopéc mov mapatnpnnkay ot {dvn o, N xaunAdtepn 16x0¢ LdYNG VIO TN GLVONKT TUPEUTOIIONG
Opaomng umopel va oyetileror pe TN UEWWUEVI] EUTAOKY] TOL OMTIKOL QAOOV KOTO TNV OTIKN
yaptoypaenon [[93], [94]]. A&ilet emiong va onuelmbel 6TL TOPOTL Ol SOPOPEG OWTEC Eival OpPLOKA
OTATIOTIKG onuavtikég, ot avtiotoryeg Twég Cohen’s d mapovoialovv peydio €6pog S100THOTOS
EUMGTOOVLVNG, KATL 7OV TPOPOVAS OmOdidETOl GTO TOAD pkpd  delypa  mAnBucpod mov
YPTCLOTOMONKE KATE TNV TEPALOTIKY O10OIKAGTOL.

Ye YEVIKEG YPOUUES, TO. OMOTEAEGUOTO aLTE Oclyvouv OTL M TAONYNOT YWPiG Opacn oTpoTOAOYEl
EVTOVOTEPO LETOTLOI0/ EKTEAESTIKA dikTVLO KO TEPLopilel TV emeEepyacia (oe oyxéon e ) Ldvn o) o€
WoKEG TEPLOYES, YEYOVOS TOL Umopel va Exel mpaxTikY| adia yio ekmaidgvon/amoKaTicTIoT] ATOUMY [UE
OnTIKEG OVOKOAIEG PACEL PLOSEIKTMOV NAEKTPOEYKEPALOYPOPNLOTOS KOl OTO TAOIGLO GYEOILGOV KoL
eQUPLOYNG dlemapmv gykepalov vroloyioth (BCI-S) yio kabodnynon oe mepifdilovio petwpévng
opaonc.

[Tapodra avtd, eival onuavtikd va avaeepBodv cuykekpluévol Teplopiopol Tov oyeTiloviat TGO UE
de&oymyn tov mEPARaTog 660 Kol PE TNV avdAivon kot v epunveio Tov dedouévav avto.
Koatapyds, 1o pkpd péyebog deiypatog mepropilel v oToTIOTIKY 16Y0 TOV OATOTEAEGUATOV Kol TNV
wKavotnTo. yevikevong, m omoio omotel T oeaymyn perAéng pe moAd  peyoaAdtepo mANOog
ovppeteyoviov. Emmiéov, n epyacio emkevipdOnKe oy avATTLEN TOL TEWPOALATIKOD TPOTOKOAAOV
Kol NG O10Kaciog Yoo TV EKTEAEGT] TOV TEPAUOTOS, YPNOULOTOUDVTIOG POCIKES UETPIKES YLoL TNV
aviivon tov onuateov HET. H ypiion neptocdtepmv Yo pokmpioTiK®OV (1Y TpOoKANT®OV SVVOUIKOV) Bo
UTOPOVCE VO OMGEL TNV EVKAIPIO Y10l TEPIGGOTEPO GUUTEPACUOTO GYETIKA HE TIG VTOPOGKOLGES
dlepyaoies. Xe teyvikO emimedo, m  ypnomn g «ENPNSY  Katoypagng HEGH® TOL  (QOPNTOV
EYKEQPAAOYPAPOL elvarl apkeTd gvaicOntn oy enidpacn BopOPov kol dev emTvyydvel ™ PéATiom
emaEn HETAED TV NAEKTPOSI®V Kol TNG EMPAVEINS TNG KEPOANG. XTO TAAIGL0 aVTO, 1| XPNON «LOYPNS»
Kataypoeng 8o pmopovoe va dmdcel onpo vynAdTEPNG ToldTNTAG (ONA. VYNAOTEPO ompatofopufikd
A0y0 - SNR), esvoopot®vovtag Kot peyodvtepo mAnbog mAektpodiov. ‘Eva tétoo meipopa Oa
JlELKOALVE EMIONG TNV EPAPLOYT| TEPIGGOTEPWOV TEXVIKMOV EEAYMYNG YOUPUKTNPIOTIKAOV, E SLVATOTNTA
avdAvong Kot o€ eMIMESO TNYDV EYKEQOMKNG OpacTNPOTNTOS TEPO OO TNV OVAALGY G€ EMMESO
EMLPAVELNKOV 100N TpOV.

Téhog, mpémer va onuewwbel 611 T0 MOPOV TElpapa oYedAOTNKE Yl OTATIKEG GLVONKEG Ko
TPOGUVUTOAMGUO GE O1001I0TATO TAEYHO LE XPNON OTA®V KIVNCE®MV TOV YEPLDV, EMOUEVOS TO
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CLUTEPACUATO -0V KOL OVTIKOTOTTPILOUV €YKEPUAIKT OpactnpldtnTo Tov oyYetTileTon pe T YOPIKN
K®OIKOTOINoN KOl TOV TPOCAVATOMGUO- OEV UTOPOLV Vo yevikevbodv Yo mpaypatikd mAaiclo
OLVOAIKNG kivnong (my Pdoiong) pe epyacio TPOGOVUTOAICUOD GE TPLGOACTATO YMPO. XE OLTH TNV
MEPIMTOON, OovapéveTol va mopotnpnbovv dwgopéc. Ymdpyer onuovtikd mwAn0og HEAET® MOV
KATOOEIKVOOVV EVPEID OVOKOTOVOUY TNG EYKEPUAIKNG OPACTNPIOTNTAS VIO CGLVONKES TPOCOPIVIG
amovoiog opaong. ['a Tapddetypo, n anTiKy eNEEEPYNCIO EVEPYOTOLEL TOV TPMTOYEVY] KOl OEVLTEPOYEVN
OnTIKO QAOLO TOv €JpeOMLY GTOV W1OKO AOPO, €V GLVOSELETAL AMO QLENUEVY] GLUUETOYN T®V
BpeyHoTik®v Kol UETOTIOIOV TEPLOYDV, OVIOVOKAMVTAG TN MHETAPaon o€ moAlvaicHnTnplokm
yaptoypaeion [95]. Avtictolyo Kotd ™V TAONYNON GE TPIGOICTOTO YMPO, 1 EYKEPUAIKN
dpacTNPLOTNTO S10POPOTOLEITOL AVAAOYOL LE TO OVOPOPIKO TAOIG10. ZVYKEKPIUEVA, Ol BPEYLOTOIVIOKES
wePLOYEG  vmooTNPilovy  EYMKEVIPIKY]  OPYAVOOT TOL YOPOL EVO O IMAOKOUTOS KOl Ol
TOPUITTOKOUTIKEG OOUEG EVIGYVOLY TNV OAAOKEVTPIKT avamapdotaon [96]. Emouévmg, n mapovca
gpyacio anotélece £va apykd Prpo tpog TV avamTuEn VOGS OAOKANP®OUEVOD TPOTOKOAAOL HEAETNG
TOV  OEPYOCIOV  YOPIKNAG KOOKOTOINONG Kol  TPOGOVOTOMOHOD PAoel NG €YKEQPOAIKNG
dpactnplOTTaS, TO 0moio o givol EPAPUOCIHO GE TPAYUOATIKEG GLVONKES TPIGOIAGTATOL TAIGIOV
a&lomomVTOG TO TMPOTOKOAAO 7OV  ovomTuyOnke kot OSOKIUAGTNKE TAOTIKG O TAMIGIO JVO
JCTACEWV.
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12. Hoapdaptnpa A: K®dwkag PsychoPy

Eloaywyn BiBALoOnkwv & Apxlkomoinon

#!/usr/bin/env python
#-*- coding: utf-8 -*-
from __future__ import absolute_import, division

import psychopy
psychopy.useVersion('2021.2.3")

from psychopy import locale_setup

from psychopy import prefs

prefs.hardware['audioLib'] = 'ptb’

prefs.hardware['audioLatencyMode'] = ‘4’

from psychopy import sound, gui, visual, core, data, event, logging, clock, colors

from psychopy.constants import (NOT_STARTED, STARTED, PLAYING, PAUSED,
STOPPED, FINISHED, PRESSED, RELEASED, FOREVER)

import numpy as np # whole numpy lib is available, prepend 'np.'
from numpy import (sin, cos, tan, log, log10, pi, average,
sqrt, std, deg2rad, rad2deg, linspace, asarray)
from numpy.random import random, randint, normal, shuffle, choice as randchoice
import os # handy system and path functions
import sys # to get file system encoding

from psychopy.hardware import keyboard

import serial
port = serial.Serial("COM6", baudrate=115200)
port.write(1)

# Ensure that relative paths start from the same directory as this script
_thisDir = os.path.dirname(os.path.abspath(__file__))
os.chdir(_thisDir)

MAnpodopliec Mepdpatog

# Store info about the experiment session
psychopyVersion = '2021.2.3'
expName = 'spatialExp' # from the Builder filename that created this script
expinfo = {'participant': ", 'session': '001'}
dlg = gui.DIgFromDict(dictionary=explinfo, sortKeys=False, title=expName)
if dlg.OK == False:

core.quit() # user pressed cancel
expinfo['date'] = data.getDateStr() # add a simple timestamp
expinfo['exoName'] = expName
expinfo['psychopyVersion'] = psychopyVersion

# Data file name stem = absolute path + name; later add .psyexp, .csv, .log, etc
filename = _thisDir + os.sep + u'data/%s_%s_%s' % (expInfo['participant'], exoName,
expinfo['date’])
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# An ExperimentHandler isn't essential but helps with data saving
thisExp = data.ExperimentHandler(name=expName, version="",
extralnfo=expinfo, runtimelnfo=None,

originPath="D:\\Nextcloud\\3.Academics\\5.AutAwuartikég\\Tpéxouaeg\\02. Vision_deprivation_Spa
tial_Orientation_Aavan_Awakou\\Danae's_Files\\Thesis_Files\\Implementation\\experiment_new\\
SpatialExp.py",

savePickle=True, saveWideText=True,

dataFileName=filename)
# save a log file for detail verbose info
logFile = logging.LogFile(filename+'.log’, level=logging.EXP)
logging.console.setLevel(logging. WARNING) # this outputs to the screen, not a file

endExpNow = False # flag for 'escape’ or other condition => quit the exp
frameTolerance = 0.001 # how close to onset before 'same’ frame

Aoun Melpdpatog

# Start Code - component code to be run after the window creation

# Setup the Window
win = visual. Window(
size=[800, 480], fullscr=True, screen=1,
winType="pyglet’, allowGUI=True, allowStencil=False,
monitor="testMonitor', color=[-1,-1,-1], colorSpace="rgb’,
blendMode="avg', useFBO=True,
units='height’)
# store frame rate of monitor if we can measure it
expInfo['frameRate'] = win.getActualFrameRate()
if expInfo['frameRate'] != None:
frameDur = 1.0 / round(expinfo['frameRate’])
else:
frameDur = 1.0 / 60.0 # could not measure, so guess

# Setup eyetracking
ioDevice = ioConfig = ioSession = ioServer = eyetracker = None

# create a default keyboard (e.g. to check for escape)
defaultKeyboard = keyboard.Keyboard()

# Initialize components for Routine "rest_init"
rest_initClock = core.Clock()
instructions = visual. TextStim(win=win, name='"instructions’,
text="MOAL¢ akOUOETE n)o, va akoAouBnoete tic 06nyieg avadoya ue tnv ouada otnv onoia
avikete:\n\n-Ouada 1: Oa eppavioTel Evac otaupog otnv odovn. No KoLTATE Tov oTaUPO
TTAPOUEVOVTAC O NPEUia UEXPL va akoUOEeTe éava nyo.\n\n-Ouada 2: KAeiote ta patia oac Kol
TTOPOUEIVETE OE NPEUia UEXPL va akoUaeTe éava nxo.\n\nllatriote space otav eiote EtowuoL.’,
font='Open Sans',
pos=(0, 0), height=0.05, wrapWidth=None, ori=0.0,
color="'white’, colorSpace="rgb’, opacity=None,
languageStyle='LTR’,
depth=0.0);
key_resp = keyboard.Keyboard()

# Initialize components for Routine "rest"
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restClock = core.Clock()

rest_go = sound.Sound('Censor Beep Sound Effect.wav', secs=1.0, stereo=True, hamming=True,
name='rest_go')

rest_go.setVolume(1.0)

cross_rest = visual.ImageStim(
win=win,
name='cross_rest’,
image='images/create+cross+new+plus+icon-1320073176732969305_512.png', mask=None,
ori=0.0, pos=(0, 0), size=(0.2, 0.2),
color=[1,1,1], colorSpace="rgb’, opacity=None,
flipHoriz=False, flipVert=False,
texRes=128.0, interpolate=True, depth=-1.0)

rest_stop = sound.Sound('Censor Beep Sound Effect.wav', secs=1.0, stereo=True, hamming=True,
name='rest_stop')

rest_stop.setVolume(1.0)

ISI = clock.StaticPeriod(win=win, screenHz=explInfo['frameRate'], name='ISl')

# Initialize components for Routine "movement_init"
movement_initClock = core.Clock()
instructions_2 = visual. TextStim(win=win, name='instructions_2',
text="Kpatrote kAslota ta patia oog. MOALG AKOUOETE nxo, EEKLVINOTE Va KIVEITE UE QPYEC
KLVNOELS To Kuplapxo XEpL Tuyaia mavw oto TaumAd. \n\nllatriote space otav elote ETowuoL.’,
font="0Open Sans’,
pos=(0, 0), height=0.05, wrapWidth=None, ori=0.0,
color='white', colorSpace="rgb’, opacity=None,
languageStyle='LTR’,
depth=0.0);
key_resp_2 = keyboard.Keyboard()

# Initialize components for Routine "movement"

movementClock = core.Clock()

move_go = sound.Sound('Censor Beep Sound Effect.wav', secs=1.0, stereo=True, hamming=True,
name='move_go')

move_go.setVolume(1.0)

move_stop = sound.Sound('Censor Beep Sound Effect.wav’, secs=1.0, stereo=True, hamming=True,
name='move_stop')

move_stop.setVolume(1.0)

ISI_2 = clock.StaticPeriod(win=win, screenHz=expInfo['frameRate'], name='"IS|_2')

# Initialize components for Routine "encoding_init"
encoding_initClock = core.Clock()
instructions_3 = visual. TextStim(win=win, name='instructions_3',

text="MOALC akOUOETE 1o, Vo akoAouTNOEeTe TIC 06nyieg avadoya e TNV opada otnv onoia
avnkete:\n\n-Ouada 1: Mapatnpnote to THUTAG (Ywpic kivnon kepaAiov) kot mpoomadote va
TTPOOAVATOALCOTE(TE OTIC SLAPOPEC DETELS YWPIG var KIVOETE Ta xépla oag.\n\n-Ouada 2: Me
KAELOTO UATLO KL YWPLG KIVNON KEQAALOU, KLVEIOTE TO KUPLOPXO XEPL OOG TAVW OTO TAUUITAO QIO
apLoTePd TPo¢ Ta Se€la kalL avd ypauun. Npoonadeiote va TPooavaToALOTEITE OTIC SLAPOPES
Jeoetg.\n\nllartriote space otav giote Erowuol.’,

font='Open Sans',

pos=(0, 0), height=0.05, wrapWidth=None, ori=0.0,

color='white', colorSpace="rgb’, opacity=None,

languageStyle='LTR’,

depth=0.0);
key_resp_3 = keyboard.Keyboard()

# Initialize components for Routine "encoding"

encodingClock = core.Clock()

encoding_go = sound.Sound('Censor Beep Sound Effect.wav', secs=1.0, stereo=True,
hamming=True,
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name='encoding_go')
encoding_go.setVolume(1.0)
encoding_stop = sound.Sound('Censor Beep Sound Effect.wav', secs=1, stereo=True,
hamming=True,
name='encoding_stop')
encoding_stop.setVolume(1.0)
buttonl_1 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-300,180],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black', borderColor="'white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='button1_1'
)
buttonl_1.buttonClock = core.Clock()
buttonl_2 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-180,180],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color="white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='button1_2'
)
buttonl_2.buttonClock = core.Clock()
buttonl_3 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-60,180],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color="white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='button1_3'
)
buttonl_3.buttonClock = core.Clock()
buttonl_4 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[60,180],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color="white’, colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
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name="'button1_4'
)
button1_4.buttonClock = core.Clock()
button1_5 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[180,180],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="'white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='button1_5"'
)
button1_5.buttonClock = core.Clock()
buttonl_6 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[300,180],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='button1_6"
)
button1_6.buttonClock = core.Clock()
button2_1 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-300,60],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name="'button2_1'
)
button2_1.buttonClock = core.Clock()
button2_2 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-180,60],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name="'button2_2'

)
button2_2.buttonClock = core.Clock()

73



button2_3 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-60,60],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='button2_3'

)

button2_3.buttonClock = core.Clock()

button2_4 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[60,60],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color="white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='button2_4'

)

button2_4.buttonClock = core.Clock()

button2_5 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[180,60],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black', borderColor="white’,
color="white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='button2_5'

)

button2_5.buttonClock = core.Clock()

button2_6 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[300,60],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black', borderColor="white’,
color="white’, colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='button2_6"

)

button2_6.buttonClock = core.Clock()

button3_1 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-300,-60],units="pix’,
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letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='button3_1'
)
button3_1.buttonClock = core.Clock()
button3_2 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-180,-60],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color="white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='button3_2'
)
button3_2.buttonClock = core.Clock()
button3_3 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-60,-60],units="pix",
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='button3_3'
)
button3_3.buttonClock = core.Clock()
button3_4 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[60,-60],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='button3_4'
)
button3_4.buttonClock = core.Clock()
button3_5 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[180,-60],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
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color="white’, colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='button3_5"
)
button3_5.buttonClock = core.Clock()
button3_6 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[300,-60],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='button3_6"
)
button3_6.buttonClock = core.Clock()
button4_1 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-300,-180], units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='button4_1'
)
button4_1.buttonClock = core.Clock()
button4_2 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-180,-180], units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black', borderColor="'white’,
color="white’, colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='button4 2'
)
button4_2.buttonClock = core.Clock()
button4_3 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-60,-180],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black', borderColor="'white’,
color="white’, colorSpace='"rgb’,
opacity=None,
bold=True, italic=False,
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padding=None,
anchor='center’,
name='button4_3'
)
button4_3.buttonClock = core.Clock()
button4_4 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[60,-180],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='button4_4'
)
button4_4.buttonClock = core.Clock()
button4_5 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[180,-180],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color="white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='button4_5"'
)
button4_5.buttonClock = core.Clock()
button4_6 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[300,-180],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color="white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='button4_6"

)
button4_6.buttonClock = core.Clock()

ISI_3 = clock.StaticPeriod(win=win, screenHz=expInfo['frameRate'], name="ISI_3')

# Initialize components for Routine "trials_init"

trials_initClock = core.Clock()

instructions_4 = visual. TextStim(win=win, name='instructions_4',

text="Kpartrote kAclotd ta puatia oac kad' 0An t Siapketa tn¢ Stadikaoioc. \n\n-Mapauévete ce
npeuia UEyptL va akoUOeTe fxo.\n-Oa akoUoEeTe Tn JE€an oTNV omolia MPEMEL Vol 06Ny OETE TOV
Seiktn Tou Kupiapxou xeptou.\n-MOoAig akouote Eavda nyo, éekvriote tnv kivnor oag. Ayyiéte tnv
emduuntn 9éan kat mepLUEVETE. \n-MOALG akoUoeTe Eava ryo, EMAVAPEPETE TO XEPL OOG OTNV
apytkn O€an Ko MapaUEIVETE O Npeuia UEXPL Tov emOueVo Hxo.\n\nllatriote space otav eiote

Erowuol.”,
font='0Open Sans',

77



pos=(0, 0), height=0.05, wrapWidth=None, ori=0.0,
color="'white’, colorSpace="rgb’, opacity=None,
languageStyle='LTR’,
depth=0.0);

key_resp_4 = keyboard.Keyboard()

# Initialize components for Routine "go"

goClock = core.Clock()

ready_cue = sound.Sound('A’, secs=1.0, stereo=True, hamming=True,
name='"ready_cue')

ready_cue.setVolume(1.0)

cue = sound.Sound('A’, secs=1.5, stereo=True, hamming=True,
name='cue’)

cue.setVolume(1.0)

go_cue = sound.Sound('A’", secs=1.0, stereo=True, hamming=True,
name='go_cue')

go_cue.setVolume(1.0)

touchgrid = event.Mouse(visible = False, newPos = None, win=win)

X, y = [None, None]

touchgrid.mouseClock = core.Clock()

goblock1_1 = visual.Rect(
win=win, name="goblock1_1' units="pix’,
width=(120, 120)[0], height=(120, 120)[1],
ori=0.0, pos=(-300, 180),

lineWidth=1.0, colorSpace='rgb', lineColor="'white’, fillColor="'black’,

opacity=None, depth=-4.0, interpolate=True)
goblock1_2 = visual.Rect(

win=win, name="goblock1_2' units="pix’,

width=(120, 120)[0], height=(120, 120)[1],

ori=0.0, pos=(-180, 180),

lineWidth=1.0, colorSpace='rgb’, lineColor="'white’, fillColor="'black’,

opacity=None, depth=-5.0, interpolate=True)
goblock1_3 = visual.Rect(

win=win, name="goblock1_3' units="pix’,

width=(120, 120)[0], height=(120, 120)[1],

ori=0.0, pos=(-60, 180),

lineWidth=1.0, colorSpace='rgb’, lineColor="'white’, fillColor="'black’,

opacity=None, depth=-6.0, interpolate=True)
goblock1_4 = visual.Rect(

win=win, name="goblock1_4' units="pix’,

width=(120, 120)[0], height=(120, 120)[1],

ori=0.0, pos=(60, 180),

lineWidth=1.0, colorSpace='rgb’, lineColor="'white’, fillColor="'black’,

opacity=None, depth=-7.0, interpolate=True)
goblock1_5 = visual.Rect(

win=win, name="goblock1_5",units="pix’,

width=(120, 120)[0], height=(120, 120)[1],

ori=0.0, pos=(180, 180),

lineWidth=1.0, colorSpace='rgb’, lineColor="'white’, fillColor="'black’,

opacity=None, depth=-8.0, interpolate=True)
goblock1_6 = visual.Rect(

win=win, name="goblock1_6" units="pix’,

width=(120, 120)[0], height=(120, 120)[1],

ori=0.0, pos=(300, 180),

lineWidth=1.0, colorSpace='rgb’, lineColor="'white’, fillColor="black’,

opacity=None, depth=-9.0, interpolate=True)
goblock2_1 = visual.Rect(

win=win, name="goblock2_1',units="pix’,

width=(120, 120)[0], height=(120, 120)[1],
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ori=0.0, pos=(-300, 60),
lineWidth=1.0, colorSpace='rgb’, lineColor="'white’, fillColor="black’,
opacity=None, depth=-10.0, interpolate=True)
goblock2_2 = visual.Rect(
win=win, name="goblock2_2' units="pix’,
width=(120, 120)[0], height=(120, 120)[1],
ori=0.0, pos=(-180, 60),
lineWidth=1.0, colorSpace='rgb’, lineColor="'white’, fillColor='black’,
opacity=None, depth=-11.0, interpolate=True)
goblock2_3 = visual.Rect(
win=win, name="goblock2_3',units="pix’,
width=(120, 120)[0], height=(120, 120)[1],
ori=0.0, pos=(-60, 60),
lineWidth=1.0, colorSpace='rgb’, lineColor='white’, fillColor="'black’,
opacity=None, depth=-12.0, interpolate=True)
goblock2_4 = visual.Rect(
win=win, name="goblock2_4' units="pix’,
width=(120, 120)[0], height=(120, 120)[1],
ori=0.0, pos=(60, 60),
lineWidth=1.0, colorSpace='rgb', lineColor="'white’, fillColor="black’,
opacity=None, depth=-13.0, interpolate=True)
goblock2_5 = visual.Rect(
win=win, name="goblock2_5",units="pix’,
width=(120, 120)[0], height=(120, 120)[1],
ori=0.0, pos=(180, 60),
lineWidth=1.0, colorSpace='rgb’, lineColor="'white’, fillColor="'black’,
opacity=None, depth=-14.0, interpolate=True)
goblock2_6 = visual.Rect(
win=win, name="goblock2_6",units="pix’,
width=(120, 120)[0], height=(120, 120)[1],
ori=0.0, pos=(300, 60),
lineWidth=1.0, colorSpace='rgb’, lineColor="'white’, fillColor="'black’,
opacity=None, depth=-15.0, interpolate=True)
goblock3_1 = visual.Rect(
win=win, name="goblock3_1' units="pix’,
width=(120, 120)[0], height=(120, 120)[1],
ori=0.0, pos=(-300, -60),
lineWidth=1.0, colorSpace='rgb’, lineColor="'white’, fillColor="'black’,
opacity=None, depth=-16.0, interpolate=True)
goblock3_2 = visual.Rect(
win=win, name="goblock3_2' units="pix’,
width=(120, 120)[0], height=(120, 120)[1],
ori=0.0, pos=(-180, -60),
lineWidth=1.0, colorSpace='rgb’, lineColor="'white’, fillColor="'black’,
opacity=None, depth=-17.0, interpolate=True)
goblock3_3 = visual.Rect(
win=win, name='goblock3_3' units="pix’,
width=(120, 120)[0], height=(120, 120)[1],
ori=0.0, pos=(-60, -60),
lineWidth=1.0, colorSpace='rgb’, lineColor="'white’, fillColor="'black’,
opacity=None, depth=-18.0, interpolate=True)
goblock3_4 = visual.Rect(
win=win, name="goblock3_4' units="pix’,
width=(120, 120)[0], height=(120, 120)[1],
ori=0.0, pos=(60, -60),
lineWidth=1.0, colorSpace='rgb’, lineColor="'white’, fillColor="'black’,
opacity=None, depth=-19.0, interpolate=True)
goblock3_5 = visual.Rect(
win=win, name="goblock3_5",units="pix’,




width=(120, 120)[0], height=(120, 120)[1],
ori=0.0, pos=(180, -60),
lineWidth=1.0, colorSpace='rgb’, lineColor="'white’, fillColor="'black’,
opacity=None, depth=-20.0, interpolate=True)
goblock3_6 = visual.Rect(
win=win, name="goblock3_6",units="pix’,
width=(120, 120)[0], height=(120, 120)[1],
ori=0.0, pos=(300, -60),
lineWidth=1.0, colorSpace='rgb’, lineColor="'white’, fillColor="'black’,
opacity=None, depth=-21.0, interpolate=True)
goblock4_1 = visual.Rect(
win=win, name="goblock4_1',units="pix’,
width=(120, 120)[0], height=(120, 120)[1],
ori=0.0, pos=(-300, -180),
lineWidth=1.0, colorSpace='rgb’, lineColor="'white’, fillColor="'black’,
opacity=None, depth=-22.0, interpolate=True)
goblock4_2 = visual.Rect(
win=win, name="goblock4_2' units="pix’,
width=(120, 120)[0], height=(120, 120)[1],
ori=0.0, pos=(-180, -180),
lineWidth=1.0, colorSpace='rgb’, lineColor="'white’, fillColor="'black’,
opacity=None, depth=-23.0, interpolate=True)
goblock4_3 = visual.Rect(
win=win, name="goblock4_3',units="pix’,
width=(120, 120)[0], height=(120, 120)[1],
ori=0.0, pos=(-60, -180),
lineWidth=1.0, colorSpace='rgb’, lineColor="'white’, fillColor="'black’,
opacity=None, depth=-24.0, interpolate=True)
goblock4_4 = visual.Rect(
win=win, name="goblock4_4' units="pix’,
width=(120, 120)[0], height=(120, 120)[1],
ori=0.0, pos=(60, -180),
lineWidth=1.0, colorSpace='rgb’, lineColor="'white’, fillColor="'black’,
opacity=None, depth=-25.0, interpolate=True)
goblock4 5 = visual.Rect(
win=win, name="goblock4_5",units="pix’,
width=(120, 120)[0], height=(120, 120)[1],
ori=0.0, pos=(180, -180),
lineWidth=1.0, colorSpace='rgb’, lineColor="'white’, fillColor="'black’,
opacity=None, depth=-26.0, interpolate=True)
goblock4_6 = visual.Rect(
win=win, name='goblock4_6' units="pix’,
width=(120, 120)[0], height=(120, 120)[1],
ori=0.0, pos=(300, -180),
lineWidth=1.0, colorSpace='rgb’, lineColor="'white’, fillColor="'black’,
opacity=None, depth=-27.0, interpolate=True)

# Initialize components for Routine "back"

backClock = core.Clock()

return_cue = sound.Sound('A’, secs=1.0, stereo=True, hamming=True,
name='return_cue’)

return_cue.setVolume(1.0)

trial_end = keyboard.Keyboard()

backgrid1_1 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-300,180],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
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color="white’, colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name="'backgrid1_1'

)

backgrid1_1.buttonClock = core.Clock()

backgrid1_2 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-180,180],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name="'backgridl_2'

)

backgrid1_2.buttonClock = core.Clock()

backgridl_3 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-60,180],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name="'backgrid1_3'

)

backgrid1_3.buttonClock = core.Clock()

backgrid1_4 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[60,180],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black', borderColor="'white’,
color="white’, colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name="'backgridl_4'

)

backgrid1_4.buttonClock = core.Clock()

backgrid1_5 = visual.ButtonStim(win,
text="xaxaxa', font="Arvo’,
pos=[180,180],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black', borderColor="'white’,
color="white’, colorSpace='"rgb’,
opacity=None,
bold=True, italic=False,
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padding=None,
anchor='center’,
name='backgrid1_5'
)
backgrid1_5.buttonClock = core.Clock()
backgridl_6 = visual.ButtonStim(win,
text="xaxaxa', font="Arvo’,
pos=[300,180],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='backgridl_6'
)
backgrid1_6.buttonClock = core.Clock()
backgrid2_1 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-300,60],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color="white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='backgrid2_1'
)
backgrid2_1.buttonClock = core.Clock()
backgrid2_2 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-180,60],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color="white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='backgrid2_2'
)
backgrid2_2.buttonClock = core.Clock()
backgrid2_3 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-60,60],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name="'backgrid2_3'
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)
backgrid2_3.buttonClock = core.Clock()

backgrid2_4 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[60,60],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color="white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='backgrid2_4'

)

backgrid2_4.buttonClock = core.Clock()

backgrid2_5 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[180,60],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name="'backgrid2_5'

)

backgrid2_5.buttonClock = core.Clock()

backgrid2_6 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[300,60],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white',
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name="'backgrid2_6'

)

backgrid2_6.buttonClock = core.Clock()

backgrid3_1 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-300,-60], units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black', borderColor="white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name="'backgrid3_1'

)

backgrid3_1.buttonClock = core.Clock()

backgrid3_2 = visual.ButtonStim(win,
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text=None, font="Arvo’,
pos=[-180,-60], units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name="'backgrid3_2'

)

backgrid3_2.buttonClock = core.Clock()

backgrid3_3 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-60,-60],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color="white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name="'backgrid3_3'

)

backgrid3_3.buttonClock = core.Clock()

backgrid3_4 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[60,-60],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black', borderColor="white’,
color="white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name="'backgrid3_4'

)

backgrid3_4.buttonClock = core.Clock()

backgrid3_5 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[180,-60],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black', borderColor="white’,
color="white’, colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name="'backgrid3_5'

)

backgrid3_5.buttonClock = core.Clock()

backgrid3_6 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[300,-60],units="pix’,
letterHeight=0.05,
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size=[120,120], borderWidth=1.0,
fillColor="black', borderColor="'white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='backgrid3_6'

)

backgrid3_6.buttonClock = core.Clock()

backgrid4_1 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-300,-180], units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='backgrid4_1'

)

backgrid4_1.buttonClock = core.Clock()

backgrid4_2 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-180,-180], units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name='backgrid4_2'

)

backgrid4_2.buttonClock = core.Clock()

backgrid4_3 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[-60,-180],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black', borderColor="white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name="'backgrid4_3'

)

backgrid4_3.buttonClock = core.Clock()

backgrid4_4 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[60,-180],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black', borderColor="'white’,
color='white', colorSpace="rgb’,
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opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name="'backgrid4_4'
)
backgrid4_4.buttonClock = core.Clock()
backgrid4_5 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[180,-180],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color='white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name="'backgrid4_5'
)
backgrid4_5.buttonClock = core.Clock()
backgrid4_6 = visual.ButtonStim(win,
text=None, font="Arvo’,
pos=[300,-180],units="pix’,
letterHeight=0.05,
size=[120,120], borderWidth=1.0,
fillColor="black’, borderColor="white’,
color="white', colorSpace="rgb’,
opacity=None,
bold=True, italic=False,
padding=None,
anchor='center’,
name="'backgrid4_6'
)
backgrid4_6.buttonClock = core.Clock()

# Create some handy timers
globalClock = core.Clock() # to track the time since experiment started
routineTimer = core.CountdownTimer() # to track time remaining of each (non-slip) routine

Por Melpapoatog

continueRoutine = True

# update component parameters for each repeat

key_resp.keys =[]

key_resp.rt =[]

_key_resp_allKeys =[]

# keep track of which components have finished

rest_initComponents = [instructions, key_resp]

for thisComponent in rest_initComponents:
thisComponent.tStart = None
thisComponent.tStop = None
thisComponent.tStartRefresh = None
thisComponent.tStopRefresh = None
if hasattr(thisComponent, 'status’):
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thisComponent.status = NOT_STARTED
# reset timers
t=0
_timeToFirstFrame = win.getFutureFlipTime(clock="now"
rest_initClock.reset(-_timeToFirstFrame) # t0 is time of first possible flip
frameN = -1

fileout = filename+"_custom.csv"
original_stdout = sys.stdout # Save a reference to the original standard output
with open(fileout,'w') as f:
sys.stdout = f # Change the standard output to the file
print("timestamp;label;trial;response;corrAns;pos_x;pos_y")

while continueRoutine:
# get current time
t = rest_initClock.getTime()
tThisFlip = win.getFutureFlipTime(clock=rest_initClock)
tThisFlipGlobal = win.getFutureFlipTime(clock=None)
frameN = frameN + 1 # number of completed frames (so 0 is the first frame)
# update/draw components on each frame

# *instructions* updates

if instructions.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:
# keep track of start time/frame for later
instructions.frameNStart = frameN # exact frame index
instructions.tStart =t # local t and not account for scr refresh
instructions.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(instructions, 'tStartRefresh') # time at next scr refresh
instructions.setAutoDraw(True)

# *key_resp* updates
waitOnFlip = False
if key_resp.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:
# keep track of start time/frame for later
key_resp.frameNStart = frameN # exact frame index
key_resp.tStart =t #local t and not account for scr refresh
key_resp.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(key_resp, 'tStartRefresh') # time at next scr refresh
key_resp.status = STARTED
# keyboard checking is just starting
waitOnFlip = True
win.callOnFlip(key_resp.clock.reset) # t=0 on next screen flip
win.callOnFlip(key_resp.clearEvents, eventType="'keyboard') # clear events on next screen flip
if key_resp.status == STARTED and not waitOnFlip:
theseKeys = key_resp.getKeys(keyList=['space'], waitRelease=False)
__key_resp_allKeys.extend(theseKeys)
if len(_key_resp_allKeys):
key_resp.keys = _key_resp_allKeys[-1].name # just the last key pressed
key_resp.rt = _key_resp_allKeys[-1].rt
# a response ends the routine
continueRoutine = False

# check for quit (typically the Esc key)
if endExpNow or defaultKeyboard.getKeys(keyList=["escape"]):
core.quit()

# check if all components have finished
if not continueRoutine: # a component has requested a forced-end of Routine
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break
continueRoutine = False # will revert to True if at least one component still running
for thisComponent in rest_initComponents:
if hasattr(thisComponent, "status") and thisComponent.status != FINISHED:
continueRoutine = True
break # at least one component has not yet finished

# refresh the screen
if continueRoutine: # don't flip if this routine is over or we'll get a blank screen
win.flip()

for thisComponent in rest_initComponents:
if hasattr(thisComponent, "setAutoDraw"):
thisComponent.setAutoDraw(False)
# the Routine "rest_init" was not non-slip safe, so reset the non-slip timer
routineTimer.reset()

continueRoutine = True
routineTimer.add(7.100000)
# update component parameters for each repeat
rest_go.setSound('Censor Beep Sound Effect.wav’, secs=1.0, hamming=True)
rest_go.setVolume(1.0, log=False)
rest_stop.setSound('Censor Beep Sound Effect.wav', secs=1.0, hamming=True)
rest_stop.setVolume(1.0, log=False)
# keep track of which components have finished
restComponents = [rest_go, cross_rest, rest_stop, ISI]
for thisComponent in restComponents:

thisComponent.tStart = None

thisComponent.tStop = None

thisComponent.tStartRefresh = None

thisComponent.tStopRefresh = None

if hasattr(thisComponent, 'status’):

thisComponent.status = NOT_STARTED

# reset timers
t=0
_timeToFirstFrame = win.getFutureFlipTime(clock="now"
restClock.reset(-_timeToFirstFrame) # t0 is time of first possible flip
frameN = -1

while continueRoutine and routineTimer.getTime() > O:

# get current time

t = restClock.getTime()

tThisFlip = win.getFutureFlipTime(clock=restClock)

tThisFlipGlobal = win.getFutureFlipTime(clock=None)

frameN = frameN + 1 # number of completed frames (so 0 is the first frame)

# update/draw components on each frame

# start/stop rest_go

if rest_go.status == NOT_STARTED and tThisFlip >= O-frameTolerance:
# keep track of start time/frame for later
rest_go.frameNStart = frameN # exact frame index
rest_go.tStart =t #local t and not account for scr refresh
rest_go.tStartRefresh = tThisFlipGlobal # on global time
rest_go.play(when=win) # sync with win flip

if rest_go.status == STARTED:
# is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > rest_go.tStartRefresh + 1.0-frameTolerance:
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# keep track of stop time/frame for later

rest_go.tStop =t # not accounting for scr refresh
rest_go.frameNStop = frameN # exact frame index
win.timeOnFlip(rest_go, 'tStopRefresh') # time at next scr refresh
rest_go.stop()

# *cross_rest* updates
if cross_rest.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
cross_rest.frameNStart = frameN # exact frame index
cross_rest.tStart =t # local t and not account for scr refresh
cross_rest.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(cross_rest, 'tStartRefresh') # time at next scr refresh
cross_rest.setAutoDraw(True)
if cross_rest.status == STARTED:
#is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > cross_rest.tStartRefresh + 5.0-frameTolerance:
# keep track of stop time/frame for later
cross_rest.tStop =t # not accounting for scr refresh
cross_rest.frameNStop = frameN # exact frame index
win.timeOnFlip(cross_rest, 'tStopRefresh') # time at next scr refresh
cross_rest.setAutoDraw(False)
# start/stop rest_stop
if rest_stop.status == NOT_STARTED and tThisFlip >= 6-frameTolerance:
# keep track of start time/frame for later
rest_stop.frameNStart = frameN # exact frame index
rest_stop.tStart =t # local t and not account for scr refresh
rest_stop.tStartRefresh = tThisFlipGlobal # on global time
rest_stop.play(when=win) # sync with win flip
if rest_stop.status == STARTED:
#is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > rest_stop.tStartRefresh + 1.0-frameTolerance:
# keep track of stop time/frame for later
rest_stop.tStop =t # not accounting for scr refresh
rest_stop.frameNStop = frameN # exact frame index
win.timeOnFlip(rest_stop, 'tStopRefresh') # time at next scr refresh
rest_stop.stop()
# *ISI* period
if ISI.status == NOT_STARTED and t >= 7-frameTolerance:
# keep track of start time/frame for later
ISl.frameNStart = frameN # exact frame index
ISI.tStart =t # local t and not account for scr refresh
ISl.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(ISI, 'tStartRefresh') # time at next scr refresh
ISl.start(0.1)
elif ISl.status == STARTED: # one frame should pass before updating params and completing
ISl.complete() # finish the static period
ISI.tStop = ISI.tStart + 0.1 # record stop time

# check for quit (typically the Esc key)
if endExpNow or defaultKeyboard.getKeys(keyList=["escape"]):
core.quit()

# check if all components have finished
if not continueRoutine: # a component has requested a forced-end of Routine
break
continueRoutine = False # will revert to True if at least one component still running
for thisComponent in restComponents:
if hasattr(thisComponent, "status") and thisComponent.status != FINISHED:
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continueRoutine = True
break # at least one component has not yet finished

# refresh the screen
if continueRoutine: # don't flip if this routine is over or we'll get a blank screen

win.flip()

for thisComponent in restComponents:

if hasattr(thisComponent, "setAutoDraw"):

thisComponent.setAutoDraw(False)

rest_go.stop() # ensure sound has stopped at end of routine
thisExp.addData('rest_go.started', rest_go.tStartRefresh)
thisExp.addData('rest_go.stopped’, rest_go.tStopRefresh)
rest_stop.stop() # ensure sound has stopped at end of routine
thisExp.addData('rest_stop.started', rest_stop.tStartRefresh)
thisExp.addData('rest_stop.stopped', rest_stop.tStopRefresh)

print(str(rest_go.tStartRefresh)+";"+"rest_go.started"+";-;-;-;-;-")
print(str(rest_go.tStopRefresh)+";"+"rest_go.stopped"+";-;-;-;-;-")
print(str(rest_stop.tStartRefresh)+";"+"rest_stop.started"+";-;-;-;-;-")
print(str(rest_stop.tStopRefresh)+";"+"rest_stop.stopped"+";-;-;-;-;-")

continueRoutine = True
# update component parameters for each repeat
key_resp_2.keys =[]
key_resp 2.rt =[]
_key_resp_2_allKeys =[]
# keep track of which components have finished
movement_initComponents = [instructions_2, key_resp_2]
for thisComponent in movement_initComponents:
thisComponent.tStart = None
thisComponent.tStop = None
thisComponent.tStartRefresh = None
thisComponent.tStopRefresh = None
if hasattr(thisComponent, 'status’):
thisComponent.status = NOT_STARTED
# reset timers
t=0
_timeToFirstFrame = win.getFutureFlipTime(clock="now",
movement _initClock.reset(-_timeToFirstFrame) # t0 is time of first possible flip
frameN = -1

while continueRoutine:
# get current time
t = movement _initClock.getTime()
tThisFlip = win.getFutureFlipTime(clock=movement _initClock)
tThisFlipGlobal = win.getFutureFlipTime(clock=None)
frameN = frameN + 1 # number of completed frames (so 0O is the first frame)
# update/draw components on each frame

# *instructions_2* updates

if instructions_2.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:
# keep track of start time/frame for later
instructions_2.frameNStart = frameN # exact frame index
instructions_2.tStart =t # local t and not account for scr refresh
instructions_2.tStartRefresh = tThisFlipGlobal # on global time
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win.timeOnFlip(instructions_2, 'tStartRefresh') # time at next scr refresh
instructions_2.setAutoDraw(True)

# *key_resp_2* updates
waitOnFlip = False
if key_resp_2.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:
# keep track of start time/frame for later
key_resp_2.frameNStart = frameN # exact frame index
key_resp_2.tStart =t # local t and not account for scr refresh
key_resp_2.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(key_resp_2, 'tStartRefresh') # time at next scr refresh
key_resp_2.status = STARTED
# keyboard checking is just starting
waitOnFlip = True
win.callOnFlip(key_resp_2.clock.reset) # t=0 on next screen flip
win.callOnFlip(key_resp_2.clearEvents, eventType='keyboard') # clear events on next screen
flip
if key_resp_2.status == STARTED and not waitOnFlip:
theseKeys = key_resp_2.getKeys(keyList=['space'], waitRelease=False)
_key_resp_2_allKeys.extend(theseKeys)
if len(_key_resp_2_allKeys):
key_resp_2.keys =_key_resp_2_allKeys[-1].name # just the last key pressed
key_resp_2.rt =_key_resp_2_allKeys[-1].rt
# a response ends the routine
continueRoutine = False

# check for quit (typically the Esc key)
if endExpNow or defaultKeyboard.getKeys(keyList=["escape"]):
core.quit()

# check if all components have finished
if not continueRoutine: # a component has requested a forced-end of Routine
break
continueRoutine = False # will revert to True if at least one component still running
for thisComponent in movement_initComponents:
if hasattr(thisComponent, "status") and thisComponent.status != FINISHED:
continueRoutine = True
break # at least one component has not yet finished

# refresh the screen
if continueRoutine: # don't flip if this routine is over or we'll get a blank screen
win.flip()

for thisComponent in movement_initComponents:
if hasattr(thisComponent, "setAutoDraw"):
thisComponent.setAutoDraw(False)
# the Routine "movement_init" was not non-slip safe, so reset the non-slip timer
routineTimer.reset()

continueRoutine = True

routineTimer.add(7.100000)

# update component parameters for each repeat

move_go.setSound('Censor Beep Sound Effect.wav’, secs=1.0, hamming=True)
move_go.setVolume(1.0, log=False)

move_stop.setSound('Censor Beep Sound Effect.wav’, secs=1.0, hamming=True)
move_stop.setVolume(1.0, log=False)

# keep track of which components have finished

91



movementComponents = [move_go, move_stop, ISI_2]
for thisComponent in movementComponents:
thisComponent.tStart = None
thisComponent.tStop = None
thisComponent.tStartRefresh = None
thisComponent.tStopRefresh = None
if hasattr(thisComponent, 'status’):
thisComponent.status = NOT_STARTED
# reset timers
t=0
_timeToFirstFrame = win.getFutureFlipTime(clock="now",
movementClock.reset(-_timeToFirstFrame) # t0 is time of first possible flip
frameN = -1

while continueRoutine and routineTimer.getTime() > O:
# get current time
t = movementClock.getTime()
tThisFlip = win.getFutureFlipTime(clock=movementClock)
tThisFlipGlobal = win.getFutureFlipTime(clock=None)
frameN = frameN + 1 # number of completed frames (so 0 is the first frame)
# update/draw components on each frame
# start/stop move_go
if move_go.status == NOT_STARTED and tThisFlip >= O-frameTolerance:
# keep track of start time/frame for later
move_go.frameNStart = frameN # exact frame index
move_go.tStart =t # local t and not account for scr refresh
move_go.tStartRefresh = tThisFlipGlobal # on global time
move_go.play(when=win) # sync with win flip
if move_go.status == STARTED:
#is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > move_go.tStartRefresh + 1.0-frameTolerance:
# keep track of stop time/frame for later
move_go.tStop =t # not accounting for scr refresh
move_go.frameNStop = frameN # exact frame index
win.timeOnFlip(move_go, 'tStopRefresh') # time at next scr refresh
move_go.stop()
# start/stop move_stop
if move_stop.status == NOT_STARTED and tThisFlip >= 6-frameTolerance:
# keep track of start time/frame for later
move_stop.frameNStart = frameN # exact frame index
move_stop.tStart =t #local t and not account for scr refresh
move_stop.tStartRefresh = tThisFlipGlobal # on global time
move_stop.play(when=win) # sync with win flip
if move_stop.status == STARTED:
# is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > move_stop.tStartRefresh + 1.0-frameTolerance:
# keep track of stop time/frame for later
move_stop.tStop =t # not accounting for scr refresh
move_stop.frameNStop = frameN # exact frame index
win.timeOnFlip(move_stop, 'tStopRefresh') # time at next scr refresh
move_stop.stop()
# *IS|_2* period
if ISI_2.status == NOT_STARTED and t >= 7-frameTolerance:
# keep track of start time/frame for later
ISI_2.frameNStart = frameN # exact frame index
ISI_2.tStart =t #local t and not account for scr refresh
ISI_2.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(ISI_2, 'tStartRefresh') # time at next scr refresh
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ISI_2.start(0.1)

elif ISI_2.status == STARTED: # one frame should pass before updating params and completing

ISI_2.complete() # finish the static period
ISI_2.tStop = ISI_2.tStart + 0.1 # record stop time

# check for quit (typically the Esc key)
if endExpNow or defaultKeyboard.getKeys(keyList=["escape"]):

core.quit()

# check if all components have finished

if not continueRoutine: # a component has requested a forced-end of Routine

break

continueRoutine = False # will revert to True if at least one component still running

for thisComponent in movementComponents:

if hasattr(thisComponent, "status") and thisComponent.status != FINISHED:

continueRoutine = True
break # at least one component has not yet finished

# refresh the screen

if continueRoutine: # don't flip if this routine is over or we'll get a blank screen

win.flip()

for thisComponent in movementComponents:

if hasattr(thisComponent, "setAutoDraw"):

thisComponent.setAutoDraw(False)

move_go.stop() # ensure sound has stopped at end of routine
thisExp.addData('move_go.started', move_go.tStartRefresh)
thisExp.addData('move_go.stopped', move_go.tStopRefresh)
move_stop.stop() # ensure sound has stopped at end of routine
thisExp.addData('move_stop.started’, move_stop.tStartRefresh)
thisExp.addData('move_stop.stopped’, move_stop.tStopRefresh)

print(str(move_go.tStartRefresh)+";"+"move_go.started"+";-;-;-;-;-")

"

print(str(move_go.tStopRefresh)+";"+"move_go.stopped"+";-;-;-;-;-")

Wy ~vin ctnn cFarior] Moo -

print(str(move_stop.tStartRefresh)+";"+"move_stop.started"+";-;-;-;-;-")

continueRoutine = True

# update component parameters for each repeat

key_resp_3.keys =[]

key resp_3.rt =[]

_key_resp_3_allKeys =[]

# keep track of which components have finished

encoding_initComponents = [instructions_3, key_resp_3]

for thisComponent in encoding_initComponents:
thisComponent.tStart = None
thisComponent.tStop = None
thisComponent.tStartRefresh = None
thisComponent.tStopRefresh = None
if hasattr(thisComponent, 'status’):

thisComponent.status = NOT_STARTED

# reset timers

t=0

_timeToFirstFrame = win.getFutureFlipTime(clock="now",

encoding_initClock.reset(-_timeToFirstFrame) # t0 is time of first possible flip

frameN = -1
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while continueRoutine:

flip

# get current time

t = encoding_initClock.getTime()

tThisFlip = win.getFutureFlipTime(clock=encoding_initClock)

tThisFlipGlobal = win.getFutureFlipTime(clock=None)

frameN = frameN + 1 # number of completed frames (so 0 is the first frame)
# update/draw components on each frame

# *instructions_3* updates

if instructions_3.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:
# keep track of start time/frame for later
instructions_3.frameNStart = frameN # exact frame index
instructions_3.tStart =t # local t and not account for scr refresh
instructions_3.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(instructions_3, 'tStartRefresh') # time at next scr refresh
instructions_3.setAutoDraw(True)

# *key_resp_3* updates

waitOnFlip = False

if key_resp_3.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:
# keep track of start time/frame for later
key_resp_3.frameNStart = frameN # exact frame index
key_resp_3.tStart =t # local t and not account for scr refresh
key_resp_3.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(key_resp_3, 'tStartRefresh') # time at next scr refresh
key_resp_3.status = STARTED
# keyboard checking is just starting
waitOnFlip = True
win.callOnFlip(key_resp_3.clock.reset) # t=0 on next screen flip
win.callOnFlip(key_resp_3.clearEvents, eventType="'keyboard') # clear events on next screen

if key_resp_3.status == STARTED and not waitOnFlip:
theseKeys = key_resp_3.getKeys(keyList=['space'], waitRelease=False)
_key_resp_3_allKeys.extend(theseKeys)
if len(_key_resp_3_allKeys):
key_resp_3.keys =_key_resp_3_allKeys[-1].name # just the last key pressed
key_resp_3.rt =_key_resp_3_allKeys[-1].rt
# a response ends the routine
continueRoutine = False

# check for quit (typically the Esc key)
if endExpNow or defaultKeyboard.getKeys(keyList=["escape"]):
core.quit()

# check if all components have finished
if not continueRoutine: # a component has requested a forced-end of Routine
break
continueRoutine = False # will revert to True if at least one component still running
for thisComponent in encoding_initComponents:
if hasattr(thisComponent, "status") and thisComponent.status != FINISHED:
continueRoutine = True
break # at least one component has not yet finished

# refresh the screen
if continueRoutine: # don't flip if this routine is over or we'll get a blank screen
win.flip()




for thisComponent in encoding_initComponents:
if hasattr(thisComponent, "setAutoDraw"):
thisComponent.setAutoDraw(False)
# the Routine "encoding_init" was not non-slip safe, so reset the non-slip timer
routineTimer.reset()

continueRoutine = True
routineTimer.add(32.100000)
# update component parameters for each repeat
encoding_go.setSound('Censor Beep Sound Effect.wav', secs=1.0, hamming=True)
encoding_go.setVolume(1.0, log=False)
encoding_stop.setSound('Censor Beep Sound Effect.wav', secs=1, hamming=True)
encoding_stop.setVolume(1.0, log=False)
# keep track of which components have finished
encodingComponents = [encoding_go, encoding_stop, button1_1, button1_2, button1_3,
buttonl_4, button1_5, buttonl_6, button2_1, button2_2, button2_3, button2_4, button2_5,
button2_6, button3_1, button3_2, button3_3, button3_4, button3_5, button3_6, button4 1,
button4_2, button4_3, button4_4, button4_5, button4_6, ISI_3]
for thisComponent in encodingComponents:
thisComponent.tStart = None
thisComponent.tStop = None
thisComponent.tStartRefresh = None
thisComponent.tStopRefresh = None
if hasattr(thisComponent, 'status’):
thisComponent.status = NOT_STARTED
# reset timers
t=0
_timeToFirstFrame = win.getFutureFlipTime(clock="now"
encodingClock.reset(-_timeToFirstFrame) # t0 is time of first possible flip
frameN = -1

while continueRoutine and routineTimer.getTime() > O:
# get current time
t = encodingClock.getTime()
tThisFlip = win.getFutureFlipTime(clock=encodingClock)
tThisFlipGlobal = win.getFutureFlipTime(clock=None)
frameN = frameN + 1 # number of completed frames (so 0 is the first frame)
# update/draw components on each frame
# start/stop encoding_go
if encoding_go.status == NOT_STARTED and tThisFlip >= O-frameTolerance:
# keep track of start time/frame for later
encoding_go.frameNStart = frameN # exact frame index
encoding_go.tStart =t # local t and not account for scr refresh
encoding_go.tStartRefresh = tThisFlipGlobal # on global time
encoding_go.play(when=win) # sync with win flip
if encoding_go.status == STARTED:
#is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > encoding_go.tStartRefresh + 1.0-frameTolerance:
# keep track of stop time/frame for later
encoding_go.tStop =t # not accounting for scr refresh
encoding_go.frameNStop = frameN # exact frame index
win.timeOnFlip(encoding_go, 'tStopRefresh') # time at next scr refresh
encoding_go.stop()
# start/stop encoding_stop
if encoding_stop.status == NOT_STARTED and tThisFlip >= 31-frameTolerance:
# keep track of start time/frame for later
encoding_stop.frameNStart = frameN # exact frame index
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encoding_stop.tStart =t # local t and not account for scr refresh

encoding_stop.tStartRefresh = tThisFlipGlobal # on global time

encoding_stop.play(when=win) # sync with win flip

if encoding_stop.status == STARTED:

# is it time to stop? (based on global clock, using actual start)

if tThisFlipGlobal > encoding_stop.tStartRefresh + 1-frameTolerance:
# keep track of stop time/frame for later
encoding_stop.tStop =t # not accounting for scr refresh
encoding_stop.frameNStop = frameN # exact frame index
win.timeOnFlip(encoding_stop, 'tStopRefresh') # time at next scr refresh
encoding_stop.stop()

# *buttonl_1* updates
if button1_1.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
button1_1.frameNStart = frameN # exact frame index
buttonl_1.tStart =t # local t and not account for scr refresh
buttonl1_1.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button1_1, 'tStartRefresh') # time at next scr refresh
button1_1.setAutoDraw(True)
if button1_1.status == STARTED:
#is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button1_1.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
buttonl_1.tStop =t # not accounting for scr refresh
buttonl_1.frameNStop = frameN # exact frame index
win.timeOnFlip(button1_1, 'tStopRefresh') # time at next scr refresh
buttonl_1.setAutoDraw(False)
if button1_1.status == STARTED:
# check whether button1_1 has been pressed
if button1_1.isClicked:
if not button1_1.wasClicked:
button1_1.timesOn.append(buttonl_1.buttonClock.getTime()) # store time of first click
button1_1.timesOff.append(buttonl_1.buttonClock.getTime()) # store time clicked until
else:
button1_1.timesOff{-1] = button1_1.buttonClock.getTime() # update time clicked until
None
buttonl_1.wasClicked = True # if button1_1 is still clicked next frame, it is not a new click
else:
buttonl_1.wasClicked = False # if button1_1 is clicked next frame, it is a new click
else:
button1_1.wasClicked = False # if button1_1 is clicked next frame, it is a new click

# *buttonl_2* updates
if button1_2.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
buttonl_2.frameNStart = frameN # exact frame index
buttonl_2.tStart =t # local t and not account for scr refresh
button1_2.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button1_2, 'tStartRefresh') # time at next scr refresh
button1_2.setAutoDraw(True)
if button1_2.status == STARTED:
# is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button1_2.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
buttonl_2.tStop =t # not accounting for scr refresh
buttonl_2.frameNStop = frameN # exact frame index
win.timeOnFlip(button1_2, 'tStopRefresh') # time at next scr refresh
buttonl_2.setAutoDraw(False)
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if button1_2.status == STARTED:
# check whether buttonl_2 has been pressed
if button1_2.isClicked:
if not button1_2.wasClicked:
button1_2.timesOn.append(buttonl_2.buttonClock.getTime()) # store time of first click
button1_2.timesOff.append(button1_2.buttonClock.getTime()) # store time clicked until
else:
button1_2.timesOff{-1] = button1_2.buttonClock.getTime() # update time clicked until
None
button1_2.wasClicked = True # if button1_2 is still clicked next frame, it is not a new click
else:
buttonl_2.wasClicked = False # if button1_2 is clicked next frame, it is a new click
else:
button1_2.wasClicked = False # if button1_2 is clicked next frame, it is a new click

# *button1_3* updates
if button1_3.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
button1_3.frameNStart = frameN # exact frame index
buttonl_3.tStart =t # local t and not account for scr refresh
buttonl1_3.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button1_3, 'tStartRefresh') # time at next scr refresh
button1_3.setAutoDraw(True)
if button1_3.status == STARTED:
# is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button1_3.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
buttonl_3.tStop =t # not accounting for scr refresh
buttonl_3.frameNStop = frameN # exact frame index
win.timeOnFlip(button1_3, 'tStopRefresh') # time at next scr refresh
buttonl_3.setAutoDraw(False)
if button1_3.status == STARTED:
# check whether button1_3 has been pressed
if button1_3.isClicked:
if not button1_3.wasClicked:
button1_3.timesOn.append(button1_3.buttonClock.getTime()) # store time of first click
button1_3.timesOff.append(button1_3.buttonClock.getTime()) # store time clicked until
else:
button1_3.timesOff-1] = button1_3.buttonClock.getTime() # update time clicked until
None
buttonl_3.wasClicked = True # if button1_3 is still clicked next frame, it is not a new click
else:
buttonl_3.wasClicked = False # if button1_3 is clicked next frame, it is a new click
else:
button1_3.wasClicked = False # if button1_3 is clicked next frame, it is a new click

# *buttonl_4* updates
if button1_4.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
buttonl_4.frameNStart = frameN # exact frame index
buttonl_4.tStart =t # local t and not account for scr refresh
button1_4.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button1_4, 'tStartRefresh') # time at next scr refresh
button1_4.setAutoDraw(True)
if button1_4.status == STARTED:
# is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button1_4.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
buttonl_4.tStop =t # not accounting for scr refresh
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buttonl_4.frameNStop = frameN # exact frame index
win.timeOnFlip(button1_4, 'tStopRefresh') # time at next scr refresh
buttonl_4.setAutoDraw(False)
if button1_4.status == STARTED:
# check whether button1_4 has been pressed
if button1_4.isClicked:
if not button1_4.wasClicked:
button1_4.timesOn.append(button1_4.buttonClock.getTime()) # store time of first click
button1_4.timesOff.append(button1_4.buttonClock.getTime()) # store time clicked until
else:
button1_4.timesOff{-1] = button1_4.buttonClock.getTime() # update time clicked until
None
buttonl_4.wasClicked = True # if button1_4 is still clicked next frame, it is not a new click
else:
button1_4.wasClicked = False # if button1_4 is clicked next frame, it is a new click
else:
button1_4.wasClicked = False # if button1_4 is clicked next frame, it is a new click

# *buttonl_5* updates
if button1_5.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
button1_5.frameNStart = frameN # exact frame index
buttonl_5.tStart =t # local t and not account for scr refresh
buttonl_5.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button1_5, 'tStartRefresh') # time at next scr refresh
button1_5.setAutoDraw(True)
if button1_5.status == STARTED:
# is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button1_5.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
buttonl_5.tStop =t # not accounting for scr refresh
buttonl_5.frameNStop = frameN # exact frame index
win.timeOnFlip(button1_5, 'tStopRefresh') # time at next scr refresh
buttonl_5.setAutoDraw(False)
if button1_5.status == STARTED:
# check whether button1_5 has been pressed
if button1_5.isClicked:
if not button1_5.wasClicked:
button1_5.timesOn.append(button1_5.buttonClock.getTime()) # store time of first click
button1_5.timesOff.append(button1_5.buttonClock.getTime()) # store time clicked until
else:
buttonl_5.timesOff{-1] = button1_5.buttonClock.getTime() # update time clicked until
None
buttonl_5.wasClicked = True # if button1_5 is still clicked next frame, it is not a new click
else:
buttonl_5.wasClicked = False # if button1_5 is clicked next frame, it is a new click
else:
buttonl_5.wasClicked = False # if button1_5 is clicked next frame, it is a new click

# *buttonl_6* updates

if button1_6.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
buttonl_6.frameNStart = frameN # exact frame index
buttonl_6.tStart =t # local t and not account for scr refresh
buttonl_6.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button1_6, 'tStartRefresh') # time at next scr refresh
button1_6.setAutoDraw(True)

if button1_6.status == STARTED:
# is it time to stop? (based on global clock, using actual start)
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if tThisFlipGlobal > button1_6.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
buttonl_6.tStop =t # not accounting for scr refresh
buttonl_6.frameNStop = frameN # exact frame index
win.timeOnFlip(button1_6, 'tStopRefresh') # time at next scr refresh
buttonl_6.setAutoDraw(False)
if button1_6.status == STARTED:
# check whether button1_6 has been pressed
if button1_6.isClicked:
if not button1_6.wasClicked:
buttonl_6.timesOn.append(buttonl_6.buttonClock.getTime()) # store time of first click
button1_6.timesOff.append(button1_6.buttonClock.getTime()) # store time clicked until
else:
buttonl_6.timesOff{-1] = button1_6.buttonClock.getTime() # update time clicked until
None
buttonl_6.wasClicked = True # if buttonl1_6 is still clicked next frame, it is not a new click
else:
buttonl_6.wasClicked = False # if button1_6 is clicked next frame, it is a new click
else:
buttonl_6.wasClicked = False # if button1_6 is clicked next frame, it is a new click

# *button2_1* updates
if button2_1.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
button2_1.frameNStart = frameN # exact frame index
button2_1.tStart =t # local t and not account for scr refresh
button2_1.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button2_1, 'tStartRefresh') # time at next scr refresh
button2_1.setAutoDraw(True)
if button2_1.status == STARTED:
#is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button2_1.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
button2_1.tStop =t # not accounting for scr refresh
button2_1.frameNStop = frameN # exact frame index
win.timeOnFlip(button2_1, 'tStopRefresh') # time at next scr refresh
button2_1.setAutoDraw(False)
if button2_1.status == STARTED:
# check whether button2_1 has been pressed
if button2_1.isClicked:
if not button2_1.wasClicked:
button2_1.timesOn.append(button2_1.buttonClock.getTime()) # store time of first click
button2_1.timesOff.append(button2_1.buttonClock.getTime()) # store time clicked until
else:
button2_1.timesOff{-1] = button2_1.buttonClock.getTime() # update time clicked until
None
button2_1.wasClicked = True # if button2_1 is still clicked next frame, it is not a new click
else:
button2_1.wasClicked = False # if button2_1 is clicked next frame, it is a new click
else:
button2_1.wasClicked = False # if button2_1 is clicked next frame, it is a new click

# *button2_2* updates

if button2_2.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
button2 2.frameNStart = frameN # exact frame index
button2 2.tStart =t # local t and not account for scr refresh
button2_2.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button2_2, 'tStartRefresh') # time at next scr refresh
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button2_2.setAutoDraw(True)
if button2_2.status == STARTED:
#is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button2_2.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
button2_2.tStop =t # not accounting for scr refresh
button2_2.frameNStop = frameN # exact frame index
win.timeOnFlip(button2_2, 'tStopRefresh') # time at next scr refresh
button2_2.setAutoDraw(False)
if button2_2.status == STARTED:
# check whether button2_2 has been pressed
if button2_2.isClicked:
if not button2_2.wasClicked:
button2_2.timesOn.append(button2_2.buttonClock.getTime()) # store time of first click
button2_2.timesOff.append(button2_2.buttonClock.getTime()) # store time clicked until
else:
button2_2.timesOff(-1] = button2_2.buttonClock.getTime() # update time clicked until
None
button2_2.wasClicked = True # if button2_2 is still clicked next frame, it is not a new click
else:
button2_2.wasClicked = False # if button2_2 is clicked next frame, it is a new click
else:
button2_2.wasClicked = False # if button2_2 is clicked next frame, it is a new click

# *button2_3* updates
if button2_3.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
button2_3.frameNStart = frameN # exact frame index
button2_3.tStart =t # local t and not account for scr refresh
button2_3.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button2_3, 'tStartRefresh') # time at next scr refresh
button2_3.setAutoDraw(True)
if button2_3.status == STARTED:
# is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button2_3.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
button2_3.tStop =t # not accounting for scr refresh
button2_3.frameNStop = frameN # exact frame index
win.timeOnFlip(button2_3, 'tStopRefresh') # time at next scr refresh
button2_3.setAutoDraw(False)
if button2_3.status == STARTED:
# check whether button2_3 has been pressed
if button2_3.isClicked:
if not button2_3.wasClicked:
button2_3.timesOn.append(button2_3.buttonClock.getTime()) # store time of first click
button2_3.timesOff.append(button2_3.buttonClock.getTime()) # store time clicked until
else:
button2_3.timesOff{-1] = button2_3.buttonClock.getTime() # update time clicked until
None
button2_3.wasClicked = True # if button2_3 is still clicked next frame, it is not a new click
else:
button2_3.wasClicked = False # if button2_3 is clicked next frame, it is a new click
else:
button2_3.wasClicked = False # if button2_3 is clicked next frame, it is a new click

# *button2_4* updates

if button2_4.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
button2_4.frameNStart = frameN # exact frame index

100



button2_4.tStart =t # local t and not account for scr refresh
button2_4.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button2_4, 'tStartRefresh') # time at next scr refresh
button2_4.setAutoDraw(True)
if button2_4.status == STARTED:
# is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button2_4.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
button2_4.tStop =t # not accounting for scr refresh
button2_4.frameNStop = frameN # exact frame index
win.timeOnFlip(button2_4, 'tStopRefresh') # time at next scr refresh
button2_4.setAutoDraw(False)
if button2_4.status == STARTED:
# check whether button2_4 has been pressed
if button2_4.isClicked:
if not button2_4.wasClicked:
button2_4.timesOn.append(button2_4.buttonClock.getTime()) # store time of first click
button2_4.timesOff.append(button2_4.buttonClock.getTime()) # store time clicked until
else:
button2_4.timesOff{-1] = button2_4.buttonClock.getTime() # update time clicked until
None
button2_4.wasClicked = True # if button2_4 is still clicked next frame, it is not a new click
else:
button2_4.wasClicked = False # if button2_4 is clicked next frame, it is a new click
else:
button2_4.wasClicked = False # if button2_4 is clicked next frame, it is a new click

# *button2_5* updates
if button2_5.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
button2_5.frameNStart = frameN # exact frame index
button2_5.tStart =t # local t and not account for scr refresh
button2_5.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button2_5, 'tStartRefresh') # time at next scr refresh
button2_5.setAutoDraw(True)
if button2_5.status == STARTED:
#is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button2_5.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
button2_5.tStop =t # not accounting for scr refresh
button2_5.frameNStop = frameN # exact frame index
win.timeOnFlip(button2_5, 'tStopRefresh') # time at next scr refresh
button2_5.setAutoDraw(False)
if button2_5.status == STARTED:
# check whether button2_5 has been pressed
if button2_5.isClicked:
if not button2_5.wasClicked:
button2_5.timesOn.append(button2_5.buttonClock.getTime()) # store time of first click
button2_5.timesOff.append(button2_5.buttonClock.getTime()) # store time clicked until
else:
button2_5.timesOff{-1] = button2_5.buttonClock.getTime() # update time clicked until
None
button2_5.wasClicked = True # if button2_5 is still clicked next frame, it is not a new click
else:
button2_5.wasClicked = False # if button2_5 is clicked next frame, it is a new click
else:
button2_5.wasClicked = False # if button2 5 is clicked next frame, it is a new click

# *button2_6* updates
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if button2_6.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
button2_6.frameNStart = frameN # exact frame index
button2_6.tStart =t # local t and not account for scr refresh
button2_6.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button2_6, 'tStartRefresh') # time at next scr refresh
button2_6.setAutoDraw(True)
if button2_6.status == STARTED:
#is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button2_6.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
button2_6.tStop =t # not accounting for scr refresh
button2_6.frameNStop = frameN # exact frame index
win.timeOnFlip(button2_6, 'tStopRefresh') # time at next scr refresh
button2_6.setAutoDraw(False)
if button2_6.status == STARTED:
# check whether button2_6 has been pressed
if button2_6.isClicked:
if not button2_6.wasClicked:
button2_6.timesOn.append(button2_6.buttonClock.getTime()) # store time of first click
button2_6.timesOff.append(button2_6.buttonClock.getTime()) # store time clicked until
else:
button2_6.timesOff(-1] = button2_6.buttonClock.getTime() # update time clicked until
None
button2_6.wasClicked = True # if button2_6 is still clicked next frame, it is not a new click
else:
button2_6.wasClicked = False # if button2_6 is clicked next frame, it is a new click
else:
button2_6.wasClicked = False # if button2_6 is clicked next frame, it is a new click

# *button3_1* updates
if button3_1.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
button3_1.frameNStart = frameN # exact frame index
button3_1.tStart =t # local t and not account for scr refresh
button3_1.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button3_1, 'tStartRefresh') # time at next scr refresh
button3_1.setAutoDraw(True)
if button3_1.status == STARTED:
# is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button3_1.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
button3_1.tStop =t # not accounting for scr refresh
button3_1.frameNStop = frameN # exact frame index
win.timeOnFlip(button3_1, 'tStopRefresh') # time at next scr refresh
button3_1.setAutoDraw(False)
if button3_1.status == STARTED:
# check whether button3_1 has been pressed
if button3_1.isClicked:
if not button3_1.wasClicked:
button3_1.timesOn.append(button3_1.buttonClock.getTime()) # store time of first click
button3_1.timesOff.append(button3_1.buttonClock.getTime()) # store time clicked until
else:
button3_1.timesOff{-1] = button3_1.buttonClock.getTime() # update time clicked until
None
button3_1.wasClicked = True # if button3_1 is still clicked next frame, it is not a new click
else:
button3_1.wasClicked = False # if button3_1 is clicked next frame, it is a new click
else:
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button3_1.wasClicked = False # if button3_1 is clicked next frame, it is a new click

# *button3_2* updates
if button3_2.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
button3_2.frameNStart = frameN # exact frame index
button3_2.tStart =t # local t and not account for scr refresh
button3_2.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button3_2, 'tStartRefresh') # time at next scr refresh
button3_2.setAutoDraw(True)
if button3_2.status == STARTED:
# is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button3_2.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
button3_2.tStop =t # not accounting for scr refresh
button3_2.frameNStop = frameN # exact frame index
win.timeOnFlip(button3_2, 'tStopRefresh') # time at next scr refresh
button3_2.setAutoDraw(False)
if button3_2.status == STARTED:
# check whether button3_2 has been pressed
if button3_2.isClicked:
if not button3_2.wasClicked:
button3_2.timesOn.append(button3_2.buttonClock.getTime()) # store time of first click
button3_2.timesOff.append(button3_2.buttonClock.getTime()) # store time clicked until
else:
button3_2.timesOff{-1] = button3_2.buttonClock.getTime() # update time clicked until
None
button3_2.wasClicked = True # if button3_2 is still clicked next frame, it is not a new click
else:
button3_2.wasClicked = False # if button3_2 is clicked next frame, it is a new click
else:
button3_2.wasClicked = False # if button3_2 is clicked next frame, it is a new click

# *button3_3* updates
if button3_3.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
button3_3.frameNStart = frameN # exact frame index
button3_3.tStart =t # local t and not account for scr refresh
button3_3.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button3_3, 'tStartRefresh') # time at next scr refresh
button3_3.setAutoDraw(True)
if button3_3.status == STARTED:
# is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button3_3.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
button3_3.tStop =t # not accounting for scr refresh
button3_3.frameNStop = frameN # exact frame index
win.timeOnFlip(button3_3, 'tStopRefresh') # time at next scr refresh
button3_3.setAutoDraw(False)
if button3_3.status == STARTED:
# check whether button3_3 has been pressed
if button3_3.isClicked:
if not button3_3.wasClicked:
button3_3.timesOn.append(button3_3.buttonClock.getTime()) # store time of first click
button3_3.timesOff.append(button3_3.buttonClock.getTime()) # store time clicked until
else:
button3_3.timesOff{-1] = button3_3.buttonClock.getTime() # update time clicked until
None
button3_3.wasClicked = True # if button3_3 is still clicked next frame, it is not a new click
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else:
button3_3.wasClicked = False # if button3_3 is clicked next frame, it is a new click
else:
button3_3.wasClicked = False # if button3_3 is clicked next frame, it is a new click
# *button3_4* updates
if button3_4.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
button3_4.frameNStart = frameN # exact frame index
button3_4.tStart =t # local t and not account for scr refresh
button3_4.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button3_4, 'tStartRefresh') # time at next scr refresh
button3_4.setAutoDraw(True)
if button3_4.status == STARTED:
# is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button3_4.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
button3_4.tStop =t # not accounting for scr refresh
button3_4.frameNStop = frameN # exact frame index
win.timeOnFlip(button3_4, 'tStopRefresh') # time at next scr refresh
button3_4.setAutoDraw(False)
if button3_4.status == STARTED:
# check whether button3_4 has been pressed
if button3_4.isClicked:
if not button3_4.wasClicked:
button3_4.timesOn.append(button3_4.buttonClock.getTime()) # store time of first click
button3_4.timesOff.append(button3_4.buttonClock.getTime()) # store time clicked until
else:
button3_4.timesOff{-1] = button3_4.buttonClock.getTime() # update time clicked until
None
button3_4.wasClicked = True # if button3_4 is still clicked next frame, it is not a new click
else:
button3_4.wasClicked = False # if button3_4 is clicked next frame, it is a new click
else:
button3_4.wasClicked = False # if button3_4 is clicked next frame, it is a new click

# *button3_5* updates
if button3_5.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
button3_5.frameNStart = frameN # exact frame index
button3_5.tStart =t # local t and not account for scr refresh
button3_5.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button3_5, 'tStartRefresh') # time at next scr refresh
button3_5.setAutoDraw(True)
if button3_5.status == STARTED:
# is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button3_5.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
button3_5.tStop =t # not accounting for scr refresh
button3_5.frameNStop = frameN # exact frame index
win.timeOnFlip(button3_5, 'tStopRefresh') # time at next scr refresh
button3_5.setAutoDraw(False)
if button3_5.status == STARTED:
# check whether button3_5 has been pressed
if button3_5.isClicked:
if not button3_5.wasClicked:
button3_5.timesOn.append(button3_5.buttonClock.getTime()) # store time of first click
button3_5.timesOff.append(button3_5.buttonClock.getTime()) # store time clicked until
else:
button3_5.timesOff{-1] = button3_5.buttonClock.getTime() # update time clicked until
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None
button3_5.wasClicked = True # if button3_5 is still clicked next frame, it is not a new click
else:
button3_5.wasClicked = False # if button3_5 is clicked next frame, it is a new click
else:
button3_5.wasClicked = False # if button3_5 is clicked next frame, it is a new click

# *button3_6* updates
if button3_6.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
button3_6.frameNStart = frameN # exact frame index
button3_6.tStart =t # local t and not account for scr refresh
button3_6.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button3_6, 'tStartRefresh') # time at next scr refresh
button3_6.setAutoDraw(True)
if button3_6.status == STARTED:
#is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button3_6.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
button3_6.tStop =t # not accounting for scr refresh
button3_6.frameNStop = frameN # exact frame index
win.timeOnFlip(button3_6, 'tStopRefresh’) # time at next scr refresh
button3_6.setAutoDraw(False)
if button3_6.status == STARTED:
# check whether button3_6 has been pressed
if button3_6.isClicked:
if not button3_6.wasClicked:
button3_6.timesOn.append(button3_6.buttonClock.getTime()) # store time of first click
button3_6.timesOff.append(button3_6.buttonClock.getTime()) # store time clicked until
else:
button3_6.timesOff-1] = button3_6.buttonClock.getTime() # update time clicked until
None
button3_6.wasClicked = True # if button3_6 is still clicked next frame, it is not a new click
else:
button3_6.wasClicked = False # if button3_6 is clicked next frame, it is a new click
else:
button3_6.wasClicked = False # if button3_6 is clicked next frame, it is a new click

# *buttond_1* updates
if button4_1.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
button4_1.frameNStart = frameN # exact frame index
button4 _1.tStart =t # local t and not account for scr refresh
button4_1.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button4_1, 'tStartRefresh') # time at next scr refresh
button4_1.setAutoDraw(True)
if button4_1.status == STARTED:
#is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button4_1.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
button4_1.tStop =t # not accounting for scr refresh
button4_1.frameNStop = frameN # exact frame index
win.timeOnFlip(button4_1, 'tStopRefresh') # time at next scr refresh
button4_1.setAutoDraw(False)
if button4_1.status == STARTED:
# check whether button4_1 has been pressed
if button4_1.isClicked:
if not button4_1.wasClicked:
button4_1.timesOn.append(button4_1.buttonClock.getTime()) # store time of first click
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button4_1.timesOff.append(button4_1.buttonClock.getTime()) # store time clicked until
else:
button4_1.timesOff{-1] = button4_1.buttonClock.getTime() # update time clicked until
None
button4_1.wasClicked = True # if button4_1 is still clicked next frame, it is not a new click
else:
button4_1.wasClicked = False # if button4_1 is clicked next frame, it is a new click
else:
button4_1.wasClicked = False # if button4_1 is clicked next frame, it is a new click

# *buttond_2* updates
if button4_2.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
button4_2.frameNStart = frameN # exact frame index
button4 2.tStart =t # local t and not account for scr refresh
button4_2.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(buttond4_2, 'tStartRefresh') # time at next scr refresh
button4_2.setAutoDraw(True)
if button4_2.status == STARTED:
# is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button4_2.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
button4_2.tStop =t # not accounting for scr refresh
button4_2.frameNStop = frameN # exact frame index
win.timeOnFlip(button4_2, 'tStopRefresh') # time at next scr refresh
button4_2.setAutoDraw(False)
if button4_2.status == STARTED:
# check whether button4_2 has been pressed
if button4_2.isClicked:
if not button4_2.wasClicked:
button4_2.timesOn.append(buttond_2.buttonClock.getTime()) # store time of first click
button4_2.timesOff.append(button4_2.buttonClock.getTime()) # store time clicked until
else:
button4_2.timesOff{-1] = button4_2.buttonClock.getTime() # update time clicked until
None
button4_2.wasClicked = True # if button4_2 is still clicked next frame, it is not a new click
else:
button4_2.wasClicked = False # if buttond4_2 is clicked next frame, it is a new click
else:
button4_2.wasClicked = False # if button4_2 is clicked next frame, it is a new click

# *button4 _3* updates
if button4_3.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
button4_3.frameNStart = frameN # exact frame index
buttond4_3.tStart =t # local t and not account for scr refresh
button4_3.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button4_3, 'tStartRefresh') # time at next scr refresh
button4_3.setAutoDraw(True)
if button4_3.status == STARTED:
# is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button4_3.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
button4_3.tStop =t # not accounting for scr refresh
button4_3.frameNStop = frameN # exact frame index
win.timeOnFlip(button4_3, 'tStopRefresh') # time at next scr refresh
button4_3.setAutoDraw(False)
if button4_3.status == STARTED:
# check whether button4_3 has been pressed

106



if button4_3.isClicked:
if not button4_3.wasClicked:
button4_3.timesOn.append(button4_3.buttonClock.getTime()) # store time of first click
button4_3.timesOff.append(button4_3.buttonClock.getTime()) # store time clicked until
else:
button4_3.timesOff{-1] = button4_3.buttonClock.getTime() # update time clicked until
None
button4_3.wasClicked = True # if button4_3 is still clicked next frame, it is not a new click
else:
button4_3.wasClicked = False # if button4_3 is clicked next frame, it is a new click
else:
button4_3.wasClicked = False # if button4_3 is clicked next frame, it is a new click

# *buttond_4* updates
if button4_4.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
button4_4.frameNStart = frameN # exact frame index
button4_4.tStart =t # local t and not account for scr refresh
button4_4.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button4_4, 'tStartRefresh') # time at next scr refresh
button4_4.setAutoDraw(True)
if button4_4.status == STARTED:
#is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button4_4.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
button4_4.tStop =t # not accounting for scr refresh
button4_4.frameNStop = frameN # exact frame index
win.timeOnFlip(button4_4, 'tStopRefresh') # time at next scr refresh
button4_4.setAutoDraw(False)
if button4_4.status == STARTED:
# check whether button4_4 has been pressed
if button4_4.isClicked:
if not button4_4.wasClicked:
button4_4.timesOn.append(button4_4.buttonClock.getTime()) # store time of first click
button4_4.timesOff.append(button4_4.buttonClock.getTime()) # store time clicked until
else:
button4_4.timesOff[-1] = button4_4.buttonClock.getTime() # update time clicked until
None
button4_4.wasClicked = True # if button4_4 is still clicked next frame, it is not a new click
else:
button4_4.wasClicked = False # if button4_4 is clicked next frame, it is a new click
else:
button4_4.wasClicked = False # if button4_4 is clicked next frame, it is a new click

# *buttond_5* updates
if button4_5.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
button4_5.frameNStart = frameN # exact frame index
button4 _5.tStart =t # local t and not account for scr refresh
button4_5.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button4_5, 'tStartRefresh') # time at next scr refresh
button4_5.setAutoDraw(True)
if button4_5.status == STARTED:
# is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button4_5.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
button4 _5.tStop =t # not accounting for scr refresh
button4_5.frameNStop = frameN # exact frame index
win.timeOnFlip(button4_5, 'tStopRefresh') # time at next scr refresh
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button4_5.setAutoDraw(False)
if button4_5.status == STARTED:
# check whether button4_5 has been pressed
if button4_5.isClicked:
if not button4_5.wasClicked:
button4_5.timesOn.append(button4_5.buttonClock.getTime()) # store time of first click
button4_5.timesOff.append(button4_5.buttonClock.getTime()) # store time clicked until
else:
button4_5.timesOff[-1] = button4_5.buttonClock.getTime() # update time clicked until
None
button4_5.wasClicked = True # if button4_5 is still clicked next frame, it is not a new click
else:
button4_5.wasClicked = False # if buttond4_5 is clicked next frame, it is a new click
else:
button4_5.wasClicked = False # if button4_5 is clicked next frame, it is a new click

# *button4d_6* updates
if button4_6.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
button4_6.frameNStart = frameN # exact frame index
buttond4_6.tStart =t # local t and not account for scr refresh
button4_6.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(button4_6, 'tStartRefresh') # time at next scr refresh
button4_6.setAutoDraw(True)
if button4_6.status == STARTED:
# is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > button4_6.tStartRefresh + 30-frameTolerance:
# keep track of stop time/frame for later
button4_6.tStop =t # not accounting for scr refresh
button4_6.frameNStop = frameN # exact frame index
win.timeOnFlip(button4_6, 'tStopRefresh') # time at next scr refresh
button4_6.setAutoDraw(False)
if button4_6.status == STARTED:
# check whether button4_6 has been pressed
if button4_6.isClicked:
if not button4_6.wasClicked:
button4_6.timesOn.append(buttond_6.buttonClock.getTime()) # store time of first click
button4_6.timesOff.append(button4_6.buttonClock.getTime()) # store time clicked until
else:
button4_6.timesOff{-1] = button4_6.buttonClock.getTime() # update time clicked until
None
button4_6.wasClicked = True # if button4 6 is still clicked next frame, it is not a new click
else:
button4_6.wasClicked = False # if button4_6 is clicked next frame, it is a new click
else:
buttond_6.wasClicked = False # if button4_6 is clicked next frame, it is a new click
# *ISI_3* period
if ISI_3.status == NOT_STARTED and t >= 32-frameTolerance:
# keep track of start time/frame for later
ISI_3.frameNStart = frameN # exact frame index
ISI_3.tStart =t # local t and not account for scr refresh
ISI_3.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(ISI_3, 'tStartRefresh') # time at next scr refresh
ISI_3.start(0.1)
elif ISI_3.status == STARTED: # one frame should pass before updating params and completing
ISI_3.complete() # finish the static period
ISI_3.tStop = ISI_3.tStart + 0.1 # record stop time

# check for quit (typically the Esc key)
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if endExpNow or defaultKeyboard.getKeys(keyList=["escape"]):
core.quit()

# check if all components have finished
if not continueRoutine: # a component has requested a forced-end of Routine
break
continueRoutine = False # will revert to True if at least one component still running
for thisComponent in encodingComponents:
if hasattr(thisComponent, "status") and thisComponent.status != FINISHED:
continueRoutine = True
break # at least one component has not yet finished

# refresh the screen
if continueRoutine: # don't flip if this routine is over or we'll get a blank screen

win.flip()

for thisComponent in encodingComponents:

if hasattr(thisComponent, "setAutoDraw"):

thisComponent.setAutoDraw(False)

encoding_go.stop() # ensure sound has stopped at end of routine
thisExp.addData('encoding_go.started’, encoding_go.tStartRefresh)
thisExp.addData('encoding_go.stopped’, encoding_go.tStopRefresh)
encoding_stop.stop() # ensure sound has stopped at end of routine
thisExp.addData('encoding_stop.started', encoding_stop.tStartRefresh)
thisExp.addData('encoding_stop.stopped', encoding_stop.tStopRefresh)

continueRoutine = True
# update component parameters for each repeat
key_resp_4.keys =[]
key_resp_4.rt =[]
_key_resp_4_allKeys =[]
# keep track of which components have finished
trials_initComponents = [instructions_4, key_resp_4]
for thisComponent in trials_initComponents:
thisComponent.tStart = None
thisComponent.tStop = None
thisComponent.tStartRefresh = None
thisComponent.tStopRefresh = None
if hasattr(thisComponent, 'status’):
thisComponent.status = NOT_STARTED
# reset timers
t=0
_timeToFirstFrame = win.getFutureFlipTime(clock="now")
trials_initClock.reset(-_timeToFirstFrame) # t0 is time of first possible flip
frameN = -1

while continueRoutine:
# get current time
t = trials_initClock.getTime()
tThisFlip = win.getFutureFlipTime(clock=trials_initClock)
tThisFlipGlobal = win.getFutureFlipTime(clock=None)
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frameN = frameN + 1 # number of completed frames (so 0 is the first frame)
# update/draw components on each frame

# *instructions_4* updates

if instructions_4.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:
# keep track of start time/frame for later
instructions_4.frameNStart = frameN # exact frame index
instructions_4.tStart =t # local t and not account for scr refresh
instructions_4.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(instructions_4, 'tStartRefresh') # time at next scr refresh
instructions_4.setAutoDraw(True)

# *key_resp_4* updates
waitOnFlip = False
if key_resp_4.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:
# keep track of start time/frame for later
key_resp_4.frameNStart = frameN # exact frame index
key_resp_4.tStart =t # local t and not account for scr refresh
key_resp_4.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(key_resp_4, 'tStartRefresh') # time at next scr refresh
key_resp_4.status = STARTED
# keyboard checking is just starting
waitOnFlip = True
win.callOnFlip(key_resp_4.clock.reset) # t=0 on next screen flip
win.callOnFlip(key_resp_4.clearEvents, eventType='keyboard') # clear events on next screen
flip
if key_resp_4.status == STARTED and not waitOnFlip:
theseKeys = key_resp_4.getKeys(keyList=['space'], waitRelease=False)
_key_resp_4_allKeys.extend(theseKeys)
if len(_key_resp_4_allKeys):
key_resp_4.keys =_key_resp_4 _allKeys[-1].name # just the last key pressed
key_resp_4.rt = _key_resp_4 _allKeys[-1].rt
# a response ends the routine
continueRoutine = False

# check for quit (typically the Esc key)
if endExpNow or defaultKeyboard.getKeys(keyList=["escape"]):
core.quit()

# check if all components have finished
if not continueRoutine: # a component has requested a forced-end of Routine
break
continueRoutine = False # will revert to True if at least one component still running
for thisComponent in trials_initComponents:
if hasattr(thisComponent, "status") and thisComponent.status != FINISHED:
continueRoutine = True
break # at least one component has not yet finished

# refresh the screen
if continueRoutine: # don't flip if this routine is over or we'll get a blank screen
win.flip()

for thisComponent in trials_initComponents:
if hasattr(thisComponent, "setAutoDraw"):
thisComponent.setAutoDraw(False)
# the Routine "trials_init" was not non-slip safe, so reset the non-slip timer
routineTimer.reset()
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# set up handler to look after randomisation of conditions etc
trials = data.TrialHandler(nReps=40.0, method="fullRandom’',

extralnfo=expinfo, originPath=-1,

trialList=data.importConditions('conditions.xlsx’),

seed=None, name="trials')
thisExp.addLoop(trials) # add the loop to the experiment
thisTrial = trials.trialList[0] # so we can initialise stimuli with some values
# abbreviate parameter names if possible (e.g. rgb = thisTrial.rgb)
if thisTrial != None:

for paramName in thisTrial:

exec('{} = thisTrial[paramName]'.format(paramName))

for thisTrial in trials:
currentLoop = trials
# abbreviate parameter names if possible (e.g. rgb = thisTrial.rgb)
if thisTrial != None:
for paramName in thisTrial:
exec('{} = thisTrial[paramName]'.format(paramName))

continueRoutine = True
# update component parameters for each repeat
ready_cue.setSound('Censor Beep Sound Effect.wav', secs=1.0, hamming=True)
ready_cue.setVolume(1.0, log=False)
cue.setSound(sounfFilePath, secs=1.5, hamming=True)
cue.setVolume(1.0, log=False)
go_cue.setSound('Censor Beep Sound Effect.wav', secs=1.0, hamming=True)
go_cue.setVolume(1.0, log=False)
# setup some python lists for storing info about the touchgrid
touchgrid.x = []
touchgrid.y = []
touchgrid.leftButton = []
touchgrid.midButton = []
touchgrid.rightButton = []
touchgrid.time =[]
touchgrid.clicked_name =[]
gotValidClick = False # until a click is received
# keep track of which components have finished
goComponents = [ready_cue, cue, go_cue, touchgrid, goblockl_1, goblock1_2, goblock1_3,
goblock1_4, goblockl_5, goblockl_6, goblock2_1, goblock2_2, goblock2 3, goblock2 4,
goblock2_5, goblock2_6, goblock3_1, goblock3_2, goblock3_3, goblock3_4, goblock3_5,
goblock3_6, goblock4 1, goblock4_2, goblock4 3, goblock4 4, goblock4 5, goblock4_6]
for thisComponent in goComponents:
thisComponent.tStart = None
thisComponent.tStop = None
thisComponent.tStartRefresh = None
thisComponent.tStopRefresh = None
if hasattr(thisComponent, 'status’):
thisComponent.status = NOT_STARTED
# reset timers
t=0
_timeToFirstFrame = win.getFutureFlipTime(clock="now")
goClock.reset(-_timeToFirstFrame) # t0 is time of first possible flip
frameN = -1

while continueRoutine:
# get current time
t = goClock.getTime()
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tThisFlip = win.getFutureFlipTime(clock=goClock)
tThisFlipGlobal = win.getFutureFlipTime(clock=None)

frameN = frameN + 1 # number of completed frames (so 0 is the first frame)

# update/draw components on each frame
# start/stop ready_cue
if ready_cue.status == NOT_STARTED and tThisFlip >= 4-frameTolerance:
# keep track of start time/frame for later
ready_cue.frameNStart = frameN # exact frame index
ready_cue.tStart =t # local t and not account for scr refresh
ready_cue.tStartRefresh = tThisFlipGlobal # on global time
ready_cue.play(when=win) # sync with win flip
if ready_cue.status == STARTED:
#is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > ready_cue.tStartRefresh + 1.0-frameTolerance:
# keep track of stop time/frame for later
ready_cue.tStop =t # not accounting for scr refresh
ready_cue.frameNStop = frameN # exact frame index
win.timeOnFlip(ready_cue, 'tStopRefresh') # time at next scr refresh
ready_cue.stop()
# start/stop cue
if cue.status == NOT_STARTED and tThisFlip >= 6.5-frameTolerance:
# keep track of start time/frame for later
cue.frameNStart = frameN # exact frame index
cue.tStart =t #local t and not account for scr refresh
cue.tStartRefresh = tThisFlipGlobal # on global time
cue.play(when=win) # sync with win flip
if cue.status == STARTED:
#is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > cue.tStartRefresh + 1.5-frameTolerance:
# keep track of stop time/frame for later
cue.tStop =t # not accounting for scr refresh
cue.frameNStop = frameN # exact frame index
win.timeOnFlip(cue, 'tStopRefresh') # time at next scr refresh
cue.stop()
# start/stop go_cue
if go_cue.status == NOT_STARTED and tThisFlip >= 11-frameTolerance:
# keep track of start time/frame for later
go_cue.frameNStart = frameN # exact frame index
go_cue.tStart =t # local t and not account for scr refresh
go_cue.tStartRefresh = tThisFlipGlobal # on global time
go_cue.play(when=win) # sync with win flip
if go_cue.status == STARTED:
#is it time to stop? (based on global clock, using actual start)
if tThisFlipGlobal > go_cue.tStartRefresh + 1.0-frameTolerance:
# keep track of stop time/frame for later
go_cue.tStop =t # not accounting for scr refresh
go_cue.frameNStop = frameN # exact frame index
win.timeOnFlip(go_cue, 'tStopRefresh') # time at next scr refresh
go_cue.stop()
# *touchgrid* updates
if touchgrid.status == NOT_STARTED and tThisFlip >= 12-frameTolerance:
# keep track of start time/frame for later
touchgrid.frameNStart = frameN # exact frame index
touchgrid.tStart =t # local t and not account for scr refresh
touchgrid.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(touchgrid, 'tStartRefresh') # time at next scr refresh
touchgrid.status = STARTED

prevButtonState = touchgrid.getPressed() # if button is down already this ISN'T a new click

if touchgrid.status == STARTED: # only update if started and not finished!
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buttons = touchgrid.getPressed()
if buttons != prevButtonState: # button state changed?
prevButtonState = buttons
if sum(buttons) > 0: # state changed to a new click
# check if the mouse was inside our clickable’ objects
gotValidClick = False
try:

iter([goblock1_1,goblock1_2,goblockl_3,goblockl_4,goblockl_5,goblockl_6,goblock2_1,goblock2_
2,goblock2_3,goblock2_4,goblock2_5,goblock2_6,goblock3_1,goblock3_2,goblock3_3,goblock3_4,
goblock3_5,goblock3_6,goblock4_1,goblock4_2,goblock4_3,goblock4_4,goblock4_5,goblock4_6])
clickableList =
[goblock1_1,goblockl_2,goblockl_3,goblockl_4,goblock1_5,goblockl_6,goblock2_1,goblock2_2,g
oblock2_3,goblock2_4,goblock2_5,goblock2_6,goblock3_1,goblock3_2,goblock3_3,goblock3_4,gob
lock3_5,goblock3_6,goblock4_1,goblock4_2,goblock4_3,goblock4_4,goblock4_5,goblock4_6]
except:
clickableList =
[[goblock1_1,goblock1_2,goblock1_3,goblockl_4,goblockl_5,goblockl_6,goblock2_1,goblock2 2,g
oblock2_3,goblock2_4,goblock2_5,goblock2_6,goblock3_1,goblock3_2,goblock3_3,goblock3_4,gob
lock3_5,goblock3_6,goblock4_1,goblock4_2,goblock4_3,goblock4_4,goblock4_5,goblock4_6]]
for obj in clickableList:
if obj.contains(touchgrid):
gotValidClick = True
touchgrid.clicked_name.append(obj.name)
X, y = touchgrid.getPos()
touchgrid.x.append(x)
touchgrid.y.append(y)
buttons = touchgrid.getPressed()
touchagrid.leftButton.append(buttons[0])
touchgrid.midButton.append(buttons([1])
touchgrid.rightButton.append(buttons[2])
touchgrid.time.append(globalClock.getTime())
# abort routine on response
continueRoutine = False

# *goblock1_1* updates

if goblock1_1.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:
# keep track of start time/frame for later
goblock1_1.frameNStart = frameN # exact frame index
goblock1_1.tStart =t # local t and not account for scr refresh
goblock1_1.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock1_1, 'tStartRefresh') # time at next scr refresh
goblock1_1.setAutoDraw(True)

# *goblock1_2* updates

if goblock1_2.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:
# keep track of start time/frame for later
goblock1_2.frameNStart = frameN # exact frame index
goblock1 2.tStart =t # local t and not account for scr refresh
goblock1_2.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock1_2, 'tStartRefresh') # time at next scr refresh
goblock1_2.setAutoDraw(True)

# *goblock1_3* updates

if goblock1_3.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:
# keep track of start time/frame for later
goblockl 3.frameNStart = frameN # exact frame index
goblock1_3.tStart =t # local t and not account for scr refresh
goblock1_3.tStartRefresh = tThisFlipGlobal # on global time
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win.timeOnFlip(goblock1_3, 'tStartRefresh') # time at next scr refresh
goblock1_3.setAutoDraw(True)

# *goblock1_4* updates

if goblock1_4.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:

# keep track of start time/frame for later

goblock1_4.frameNStart = frameN # exact frame index
goblock1_4.tStart =t # local t and not account for scr refresh
goblock1_4.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock1_4, 'tStartRefresh') # time at next scr refresh
goblock1_4.setAutoDraw(True)

# *goblock1l_5* updates

if goblock1_5.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:

# keep track of start time/frame for later

goblock1_5.frameNStart = frameN # exact frame index
goblock1_5.tStart =t # local t and not account for scr refresh
goblock1_5.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock1_5, 'tStartRefresh') # time at next scr refresh
goblock1_5.setAutoDraw(True)

# *goblock1l_6* updates

if goblock1_6.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:

# keep track of start time/frame for later

goblock1_6.frameNStart = frameN # exact frame index
goblockl_6.tStart =t # local t and not account for scr refresh
goblock1_6.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock1_6, 'tStartRefresh') # time at next scr refresh
goblock1_6.setAutoDraw(True)

# *goblock2_1* updates

if goblock2_1.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:

# keep track of start time/frame for later

goblock2_1.frameNStart = frameN # exact frame index
goblock2_1.tStart =t # local t and not account for scr refresh
goblock2_1.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock2_1, 'tStartRefresh') # time at next scr refresh
goblock2_1.setAutoDraw(True)

# *goblock2_2* updates

if goblock2_2.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:

# keep track of start time/frame for later

goblock2_2.frameNStart = frameN # exact frame index
goblock2_2.tStart =t # local t and not account for scr refresh
goblock2_2.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock2_2, 'tStartRefresh') # time at next scr refresh
goblock2_2.setAutoDraw(True)

# *goblock2_3* updates

if goblock2_3.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:

# keep track of start time/frame for later

goblock2_3.frameNStart = frameN # exact frame index
goblock2_3.tStart =t # local t and not account for scr refresh
goblock2_3.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock2 3, 'tStartRefresh') # time at next scr refresh
goblock2_3.setAutoDraw(True)

# *goblock2_4* updates

if goblock2_4.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:

114



# keep track of start time/frame for later

goblock2 _4.frameNStart = frameN # exact frame index
goblock2_4.tStart =t # local t and not account for scr refresh
goblock2_4.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock2_4, 'tStartRefresh') # time at next scr refresh
goblock2_4.setAutoDraw(True)

# *goblock2_5* updates

if goblock2_5.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:

# keep track of start time/frame for later

goblock2_5.frameNStart = frameN # exact frame index
goblock2_5.tStart =t # local t and not account for scr refresh
goblock2_5.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock2 5, 'tStartRefresh') # time at next scr refresh
goblock2_5.setAutoDraw(True)

# *goblock2_6* updates

if goblock2_6.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:

# keep track of start time/frame for later

goblock2_6.frameNStart = frameN # exact frame index
goblock2_6.tStart =t # local t and not account for scr refresh
goblock2_6.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock2_6, 'tStartRefresh') # time at next scr refresh
goblock2_6.setAutoDraw(True)

# *goblock3_1* updates

if goblock3_1.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:

# keep track of start time/frame for later

goblock3_1.frameNStart = frameN # exact frame index
goblock3_1.tStart =t #local t and not account for scr refresh
goblock3_1.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock3_1, 'tStartRefresh') # time at next scr refresh
goblock3_1.setAutoDraw(True)

# *goblock3_2* updates

if goblock3_2.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:

# keep track of start time/frame for later

goblock3_2.frameNStart = frameN # exact frame index
goblock3_2.tStart =t # local t and not account for scr refresh
goblock3_2.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock3_2, 'tStartRefresh') # time at next scr refresh
goblock3_2.setAutoDraw(True)

# *goblock3_3* updates

if goblock3_3.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:

# keep track of start time/frame for later

goblock3_3.frameNStart = frameN # exact frame index
goblock3_3.tStart =t # local t and not account for scr refresh
goblock3_3.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock3_3, 'tStartRefresh') # time at next scr refresh
goblock3_3.setAutoDraw(True)

# *goblock3_4* updates

if goblock3_4.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:

# keep track of start time/frame for later

goblock3_4.frameNStart = frameN # exact frame index
goblock3_4.tStart =t # local t and not account for scr refresh
goblock3_4.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock3_4, 'tStartRefresh') # time at next scr refresh
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goblock3_4.setAutoDraw(True)

# *goblock3_5* updates

if goblock3_5.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:

# keep track of start time/frame for later

goblock3_5.frameNStart = frameN # exact frame index
goblock3_5.tStart =t # local t and not account for scr refresh
goblock3_5.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock3_5, 'tStartRefresh') # time at next scr refresh
goblock3_5.setAutoDraw(True)

# *goblock3_6* updates

if goblock3_6.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:

# keep track of start time/frame for later

goblock3_6.frameNStart = frameN # exact frame index
goblock3_6.tStart =t # local t and not account for scr refresh
goblock3_6.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock3_6, 'tStartRefresh') # time at next scr refresh
goblock3_6.setAutoDraw(True)

# *goblock4_1* updates

if goblock4_1.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:

# keep track of start time/frame for later

goblock4_1.frameNStart = frameN # exact frame index
goblock4_1.tStart =t # local t and not account for scr refresh
goblock4_1.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock4_1, 'tStartRefresh') # time at next scr refresh
goblock4_1.setAutoDraw(True)

# *goblock4_2* updates

if goblock4_2.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:

# keep track of start time/frame for later

goblock4_2.frameNStart = frameN # exact frame index
goblock4_2.tStart =t # local t and not account for scr refresh
goblock4_2.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock4_2, 'tStartRefresh') # time at next scr refresh
goblock4_2.setAutoDraw(True)

# *goblock4_3* updates

if goblock4_3.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:

# keep track of start time/frame for later

goblock4_3.frameNStart = frameN # exact frame index
goblock4_3.tStart =t # local t and not account for scr refresh
goblock4_3.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock4_3, 'tStartRefresh') # time at next scr refresh
goblock4_3.setAutoDraw(True)

# *goblock4 _4* updates

if goblock4_4.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:

# keep track of start time/frame for later

goblock4_4.frameNStart = frameN # exact frame index
goblock4_4.tStart =t # local t and not account for scr refresh
goblock4_4.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock4_4, 'tStartRefresh') # time at next scr refresh
goblock4_4.setAutoDraw(True)

# *goblock4 5* updates

if goblock4_5.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:

# keep track of start time/frame for later
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goblock4 _5.frameNStart = frameN # exact frame index

goblock4 _5.tStart =t # local t and not account for scr refresh
goblock4 _5.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock4_5, 'tStartRefresh') # time at next scr refresh
goblock4_5.setAutoDraw(True)

# *goblock4_6* updates

if goblock4_6.status == NOT_STARTED and tThisFlip >= 0.0-frameTolerance:
# keep track of start time/frame for later
goblock4_6.frameNStart = frameN # exact frame index
goblock4_6.tStart =t # local t and not account for scr refresh
goblock4_6.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(goblock4_6, 'tStartRefresh') # time at next scr refresh
goblock4_6.setAutoDraw(True)

# check for quit (typically the Esc key)
if endExpNow or defaultKeyboard.getKeys(keyList=["escape"]):
core.quit()

# check if all components have finished
if not continueRoutine: # a component has requested a forced-end of Routine
break
continueRoutine = False # will revert to True if at least one component still running
for thisComponent in goComponents:
if hasattr(thisComponent, "status") and thisComponent.status != FINISHED:
continueRoutine = True
break # at least one component has not yet finished

# refresh the screen
if continueRoutine: # don't flip if this routine is over or we'll get a blank screen

win.flip()

for thisComponent in goComponents:
if hasattr(thisComponent, "setAutoDraw"):
thisComponent.setAutoDraw(False)
ready_cue.stop() # ensure sound has stopped at end of routine
trials.addData('ready_cue.started’, ready_cue.tStartRefresh)
trials.addData('ready_cue.stopped’, ready_cue.tStopRefresh)
cue.stop() # ensure sound has stopped at end of routine
trials.addData('cue.started’, cue.tStartRefresh)
trials.addData('cue.stopped’, cue.tStopRefresh)
go_cue.stop() # ensure sound has stopped at end of routine
trials.addData('go_cue.started', go_cue.tStartRefresh)
trials.addData('go_cue.stopped', go_cue.tStopRefresh)
# store data for trials (TrialHandler)
if len(touchgrid.x): trials.addData('touchgrid.x', touchgrid.x[0])
if len(touchgrid.y): trials.addData('touchgrid.y', touchgrid.y[0])
#if len(touchgrid.leftButton): trials.addData('touchgrid.leftButton', touchgrid.leftButton[0])
#if len(touchgrid.midButton): trials.addData('touchgrid.midButton', touchgrid.midButton[0])
#if len(touchgrid.rightButton): trials.addData('touchgrid.rightButton', touchgrid.rightButton[0])
if len(touchgrid.time): trials.addData('touchgrid.time’, touchgrid.time[0])
if len(touchgrid.clicked_name): trials.addData('touchgrid.clicked_name’,
touchgrid.clicked_name[0])
trials.addData('touchgrid.started’, touchgrid.tStartRefresh)
#trials.addData('touchgrid.stopped’, touchgrid.tStopRefresh)

1

print(str(ready_cue.tStartRefresh)+";"+"ready_cue.started"+";"+str(trials.thisTrialN)+";-;-;-;-")

1

print(str(ready_cue.tStopRefresh)+";"+"ready_cue.stopped"+";"+str(trials.thisTrialN)+";-;-;-;-")
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print(str(cue.tStartRefresh)+";"+"cue.started"+";"+str(trials.thisTrialN)+";-
;"+thisTrial.sounfFilePath+";-;-")

print(str(cue.tStopRefresh)+";"+"cue.stopped"+"; "+str(trials.thisTrialN)+";-;-;-;-")

print(str(go_cue.tStartRefresh)+";"+"go_cue.started"+";"+str(trials.thisTrialN)+";-
;"+thisTrial.corrAns+";-;-")

print(str(go_cue.tStopRefresh)+";"+"go_cue.stopped"+";"+str(trials.thisTrialN)+";-;-;-;-")

#orint(str(encoding_go.tStartRefresh)+";"+"touchgrid"+";"+str(trials.thisTriaIN)+";-;-;-;-")

if len(touchgrid.time) and len(touchgrid.clicked_name):

print(str(touchgrid.time[0])+";"+"touchgrid.clicked"+"; "+str(trials.thisTrialN)+";"+touchgrid.clicked_
name[0]+";"+thisTrial.corrAns+";"+str(touchgrid.x[0])+";"+str(touchgrid.y[0]))
elif len(touchgrid.time):
print(str(touchgrid.time[0])+";"+"touchgrid.clicked"+";"+str(trials.thisTrialN)+";"+"-
"+":"+thisTrial.corrAns+";"+str(touchgrid.x[0])+";"+str(touchgrid.y[0]))
else:
print(str(touchgrid.time[0])+";"+"touchgrid.notclicked"+"; "+str(trials.thisTrialN)+"; "+"-
"+""+thisTrial.corrAns+";"+"-"+";"+"-")

# the Routine "go" was not non-slip safe, so reset the non-slip timer
routineTimer.reset()

continueRoutine = True
# update component parameters for each repeat
return_cue.setSound('Censor Beep Sound Effect.wav', secs=1.0, hamming=True)
return_cue.setVolume(1.0, log=False)
trial_end.keys =[]
trial_end.rt =[]
_trial_end_allKeys =[]
# keep track of which components have finished
backComponents = [return_cue, trial_end, backgrid1l_1, backgridl_2, backgridl_3,
backgrid1_4, backgrid1_5, backgrid1_6, backgrid2 1, backgrid2_2, backgrid2_3, backgrid2_4,
backgrid2_5, backgrid2_6, backgrid3_1, backgrid3_2, backgrid3_3, backgrid3_4, backgrid3_5,
backgrid3_6, backgrid4_1, backgrid4_2, backgrid4_3, backgrid4_4, backgrid4_5, backgrid4_6]
for thisComponent in backComponents:
thisComponent.tStart = None
thisComponent.tStop = None
thisComponent.tStartRefresh = None
thisComponent.tStopRefresh = None
if hasattr(thisComponent, 'status’):
thisComponent.status = NOT_STARTED
# reset timers
t=0
_timeToFirstFrame = win.getFutureFlipTime(clock="now")
backClock.reset(-_timeToFirstFrame) # t0 is time of first possible flip
frameN = -1

while continueRoutine:

# get current time

t = backClock.getTime()

tThisFlip = win.getFutureFlipTime(clock=backClock)

tThisFlipGlobal = win.getFutureFlipTime(clock=None)

frameN = frameN + 1 # number of completed frames (so O is the first frame)

# update/draw components on each frame

# start/stop return_cue

if return_cue.status == NOT_STARTED and tThisFlip >= 0-frameTolerance:
# keep track of start time/frame for later
return_cue.frameNStart = frameN # exact frame index

118



click

return_cue.tStart =t # local t and not account for scr refresh

return_cue.tStartRefresh = tThisFlipGlobal # on global time

return_cue.play(when=win) # sync with win flip

if return_cue.status == STARTED:

#is it time to stop? (based on global clock, using actual start)

if tThisFlipGlobal > return_cue.tStartRefresh + 1.0-frameTolerance:
# keep track of stop time/frame for later
return_cue.tStop =t # not accounting for scr refresh
return_cue.frameNStop = frameN # exact frame index
win.timeOnFlip(return_cue, 'tStopRefresh’) # time at next scr refresh
return_cue.stop()

# *trial_end* updates
waitOnFlip = False
if trial_end.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
trial_end.frameNStart = frameN # exact frame index
trial_end.tStart =t # local t and not account for scr refresh
trial_end.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(trial_end, 'tStartRefresh') # time at next scr refresh
trial_end.status = STARTED
# keyboard checking is just starting
waitOnFlip = True
win.callOnFlip(trial_end.clock.reset) # t=0 on next screen flip
if trial_end.status == STARTED and not waitOnFlip:
theseKeys = trial_end.getKeys(keyList=['space'], waitRelease=False)
_trial_end_allKeys.extend(theseKeys)
if len(_trial_end_allKeys):
trial_end.keys = _trial_end_allKeys[-1].name # just the last key pressed
trial_end.rt = _trial_end_allKeys[-1].rt
# was this correct?
if (trial_end.keys == str(corrAns)) or (trial_end.keys == corrAns):
trial_end.corr = 1
else:
trial_end.corr=0
# a response ends the routine
continueRoutine = False

# *backgrid1l_1* updates
if backgridl_1.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgrid1l_1.frameNStart = frameN # exact frame index
backgrid1l_1.tStart =t # local t and not account for scr refresh
backgrid1_1.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgridl_1, 'tStartRefresh') # time at next scr refresh
backgrid1l_1.setAutoDraw(True)
if backgridl_1.status == STARTED:
# check whether backgridl_1 has been pressed
if backgrid1_1.isClicked:
if not backgrid1_1.wasClicked:
backgrid1_1.timesOn.append(globalClock.getTime()) # store time of first click
backgrid1_1.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid1_1.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgridl_1.wasClicked = True # if backgrid1_1 is still clicked next frame, it is not a new

else:
backgrid1l_1.wasClicked = False # if backgridl_1 is clicked next frame, it is a new click
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else:
backgridl_1.wasClicked = False # if backgridl_1 is clicked next frame, it is a new click

# *backgrid1_2* updates
if backgridl_2.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgridl_2.frameNStart = frameN # exact frame index
backgrid1_2.tStart =t # local t and not account for scr refresh
backgridl_2.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgridl_2, 'tStartRefresh') # time at next scr refresh
backgrid1l_2.setAutoDraw(True)
if backgridl_2.status == STARTED:
# check whether backgridl_2 has been pressed
if backgrid1_2.isClicked:
if not backgrid1_2.wasClicked:
backgridl_2.timesOn.append(globalClock.getTime()) # store time of first click
backgrid1_2.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid1_2.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid1l_2.wasClicked = True # if backgrid1_2 is still clicked next frame, it is not a new
click
else:
backgrid1l_2.wasClicked = False # if backgridl_2 is clicked next frame, it is a new click
else:
backgrid1l_2.wasClicked = False # if backgrid1_2 is clicked next frame, it is a new click

# *backgrid1_3* updates
if backgridl_3.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgrid1l_3.frameNStart = frameN # exact frame index
backgrid1l_3.tStart =t # local t and not account for scr refresh
backgrid1_3.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgridl_3, 'tStartRefresh') # time at next scr refresh
backgrid1l_3.setAutoDraw(True)
if backgridl_3.status == STARTED:
# check whether backgrid1_3 has been pressed
if backgrid1_3.isClicked:
if not backgrid1_3.wasClicked:
backgrid1_3.timesOn.append(globalClock.getTime()) # store time of first click
backgrid1_3.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid1_3.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid1l_3.wasClicked = True # if backgrid1_3 is still clicked next frame, it is not a new
click
else:
backgrid1l_3.wasClicked = False # if backgridl_3 is clicked next frame, it is a new click
else:
backgridl_3.wasClicked = False # if backgrid1_3 is clicked next frame, it is a new click

# *backgrid1l_4* updates

if backgridl_4.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgridl_4.frameNStart = frameN # exact frame index
backgridl_4.tStart =t # local t and not account for scr refresh
backgridl_4.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgridl_4, 'tStartRefresh') # time at next scr refresh
backgrid1l_4.setAutoDraw(True)
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if backgridl_4.status == STARTED:
# check whether backgridl_4 has been pressed
if backgrid1_4.isClicked:
if not backgrid1_4.wasClicked:
backgridl_4.timesOn.append(globalClock.getTime()) # store time of first click
backgridl_4.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid1_4.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid1l_4.wasClicked = True # if backgrid1_4 is still clicked next frame, it is not a new
click
else:
backgrid1l_4.wasClicked = False # if backgrid1_4 is clicked next frame, it is a new click
else:
backgridl_4.wasClicked = False # if backgrid1_4 is clicked next frame, it is a new click

# *backgridl_5* updates
if backgridl_5.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgrid1l_5.frameNStart = frameN # exact frame index
backgridl_5.tStart =t # local t and not account for scr refresh
backgrid1_5.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgridl_5, 'tStartRefresh') # time at next scr refresh
backgridl_5.setAutoDraw(True)
if backgridl_5.status == STARTED:
# check whether backgridl_5 has been pressed
if backgrid1_5.isClicked:
if not backgrid1_5.wasClicked:
backgrid1_5.timesOn.append(globalClock.getTime()) # store time of first click
backgridl_5.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid1_5.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid1l_5.wasClicked = True # if backgrid1_5 is still clicked next frame, it is not a new
click
else:
backgrid1l_5.wasClicked = False # if backgrid1_5 is clicked next frame, it is a new click
else:
backgrid1l_5.wasClicked = False # if backgrid1_5 is clicked next frame, it is a new click

# *backgrid1_6* updates
if backgridl_6.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgrid1l_6.frameNStart = frameN # exact frame index
backgridl_6.tStart =t # local t and not account for scr refresh
backgridl_6.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgridl_6, 'tStartRefresh') # time at next scr refresh
backgrid1l_6.setAutoDraw(True)
if backgridl_6.status == STARTED:
# check whether backgridl_6 has been pressed
if backgrid1_6.isClicked:
if not backgrid1_6.wasClicked:
backgrid1_6.timesOn.append(globalClock.getTime()) # store time of first click
backgrid1_6.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgridl_6.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid1l_6.wasClicked = True # if backgrid1_6 is still clicked next frame, it is not a new
click
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else:
backgridl_6.wasClicked = False # if backgridl_6 is clicked next frame, it is a new click
else:
backgrid1l_6.wasClicked = False # if backgridl_6 is clicked next frame, it is a new click

# *backgrid2_1* updates
if backgrid2_1.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgrid2_1.frameNStart = frameN # exact frame index
backgrid2_1.tStart =t # local t and not account for scr refresh
backgrid2_1.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgrid2_1, 'tStartRefresh') # time at next scr refresh
backgrid2_1.setAutoDraw(True)
if backgrid2_1.status == STARTED:
# check whether backgrid2_1 has been pressed
if backgrid2_1.isClicked:
if not backgrid2_1.wasClicked:
backgrid2_1.timesOn.append(globalClock.getTime()) # store time of first click
backgrid2_1.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid2_1.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid2_1.wasClicked = True # if backgrid2_1 is still clicked next frame, it is not a new
click
else:
backgrid2_1.wasClicked = False # if backgrid2_1 is clicked next frame, it is a new click
else:
backgrid2_1.wasClicked = False # if backgrid2_1 is clicked next frame, it is a new click

# *backgrid2_2* updates
if backgrid2_2.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgrid2_2.frameNStart = frameN # exact frame index
backgrid2_2.tStart =t # local t and not account for scr refresh
backgrid2_2.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgrid2_2, 'tStartRefresh') # time at next scr refresh
backgrid2_2.setAutoDraw(True)
if backgrid2_2.status == STARTED:
# check whether backgrid2_2 has been pressed
if backgrid2_2.isClicked:
if not backgrid2_2.wasClicked:
backgrid2_2.timesOn.append(globalClock.getTime()) # store time of first click
backgrid2_2.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid2_2.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid2_2.wasClicked = True # if backgrid2 2 is still clicked next frame, it is not a new
click
else:
backgrid2_2.wasClicked = False # if backgrid2_2 is clicked next frame, it is a new click
else:
backgrid2_2.wasClicked = False # if backgrid2_2 is clicked next frame, it is a new click

# *backgrid2_3* updates

if backgrid2_3.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgrid2_3.frameNStart = frameN # exact frame index
backgrid2_3.tStart =t # local t and not account for scr refresh
backgrid2_3.tStartRefresh = tThisFlipGlobal # on global time
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win.timeOnFlip(backgrid2_3, 'tStartRefresh') # time at next scr refresh
backgrid2_3.setAutoDraw(True)
if backgrid2_3.status == STARTED:
# check whether backgrid2_3 has been pressed
if backgrid2_3.isClicked:
if not backgrid2_3.wasClicked:
backgrid2_3.timesOn.append(globalClock.getTime()) # store time of first click
backgrid2_3.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid2_3.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid2_3.wasClicked = True # if backgrid2_3 is still clicked next frame, it is not a new
click
else:
backgrid2_3.wasClicked = False # if backgrid2_3 is clicked next frame, it is a new click
else:
backgrid2_3.wasClicked = False # if backgrid2_3 is clicked next frame, it is a new click

# *backgrid2_4* updates
if backgrid2_4.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgrid2_4.frameNStart = frameN # exact frame index
backgrid2_4.tStart =t # local t and not account for scr refresh
backgrid2_4.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgrid2_4, 'tStartRefresh') # time at next scr refresh
backgrid2_4.setAutoDraw(True)
if backgrid2_4.status == STARTED:
# check whether backgrid2_4 has been pressed
if backgrid2_4.isClicked:
if not backgrid2_4.wasClicked:
backgrid2_4.timesOn.append(globalClock.getTime()) # store time of first click
backgrid2_4.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid2_4.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid2_4.wasClicked = True # if backgrid2_4 is still clicked next frame, it is not a new
click
else:
backgrid2_4.wasClicked = False # if backgrid2_4 is clicked next frame, it is a new click
else:
backgrid2_4.wasClicked = False # if backgrid2_4 is clicked next frame, it is a new click

# *backgrid2_5* updates
if backgrid2_5.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgrid2_5.frameNStart = frameN # exact frame index
backgrid2_5.tStart =t # local t and not account for scr refresh
backgrid2_5.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgrid2_5, 'tStartRefresh') # time at next scr refresh
backgrid2_5.setAutoDraw(True)
if backgrid2_5.status == STARTED:
# check whether backgrid2_5 has been pressed
if backgrid2_5.isClicked:
if not backgrid2_5.wasClicked:
backgrid2_5.timesOn.append(globalClock.getTime()) # store time of first click
backgrid2_5.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid2_5.timesOff[-1] = globalClock.getTime() # update time clicked until
None
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backgrid2_5.wasClicked = True # if backgrid2_5 is still clicked next frame, it is not a new
click
else:
backgrid2_5.wasClicked = False # if backgrid2_5 is clicked next frame, it is a new click
else:
backgrid2_5.wasClicked = False # if backgrid2_5 is clicked next frame, it is a new click

# *backgrid2_6* updates
if backgrid2_6.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgrid2_6.frameNStart = frameN # exact frame index
backgrid2_6.tStart =t # local t and not account for scr refresh
backgrid2_6.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgrid2_6, 'tStartRefresh') # time at next scr refresh
backgrid2_6.setAutoDraw(True)
if backgrid2_6.status == STARTED:
# check whether backgrid2_6 has been pressed
if backgrid2_6.isClicked:
if not backgrid2_6.wasClicked:
backgrid2_6.timesOn.append(globalClock.getTime()) # store time of first click
backgrid2_6.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid2_6.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid2_6.wasClicked = True # if backgrid2_6 is still clicked next frame, it is not a new
click
else:
backgrid2_6.wasClicked = False # if backgrid2_6 is clicked next frame, it is a new click
else:
backgrid2_6.wasClicked = False # if backgrid2_6 is clicked next frame, it is a new click

# *backgrid3_1* updates
if backgrid3_1.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgrid3_1.frameNStart = frameN # exact frame index
backgrid3_1.tStart =t # local t and not account for scr refresh
backgrid3_1.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgrid3_1, 'tStartRefresh') # time at next scr refresh
backgrid3_1.setAutoDraw(True)
if backgrid3_1.status == STARTED:
# check whether backgrid3_1 has been pressed
if backgrid3_1.isClicked:
if not backgrid3_1.wasClicked:
backgrid3_1.timesOn.append(globalClock.getTime()) # store time of first click
backgrid3_1.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid3_1.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid3_1.wasClicked = True # if backgrid3_1 is still clicked next frame, it is not a new
click
else:
backgrid3_1.wasClicked = False # if backgrid3_1 is clicked next frame, it is a new click
else:
backgrid3_1.wasClicked = False # if backgrid3_1 is clicked next frame, it is a new click

# *backgrid3_2* updates

if backgrid3_2.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgrid3_2.frameNStart = frameN # exact frame index
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backgrid3_2.tStart =t # local t and not account for scr refresh
backgrid3_2.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgrid3_2, 'tStartRefresh') # time at next scr refresh
backgrid3_2.setAutoDraw(True)
if backgrid3_2.status == STARTED:
# check whether backgrid3_2 has been pressed
if backgrid3_2.isClicked:
if not backgrid3_2.wasClicked:
backgrid3_2.timesOn.append(globalClock.getTime()) # store time of first click
backgrid3_2.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid3_2.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid3_2.wasClicked = True # if backgrid3_2 is still clicked next frame, it is not a new
click
else:
backgrid3_2.wasClicked = False # if backgrid3_2 is clicked next frame, it is a new click
else:
backgrid3_2.wasClicked = False # if backgrid3_2 is clicked next frame, it is a new click

# *backgrid3_3* updates
if backgrid3_3.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgrid3_3.frameNStart = frameN # exact frame index
backgrid3_3.tStart =t # local t and not account for scr refresh
backgrid3_3.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgrid3_3, 'tStartRefresh') # time at next scr refresh
backgrid3_3.setAutoDraw(True)
if backgrid3_3.status == STARTED:
# check whether backgrid3_3 has been pressed
if backgrid3_3.isClicked:
if not backgrid3_3.wasClicked:
backgrid3_3.timesOn.append(globalClock.getTime()) # store time of first click
backgrid3_3.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid3_3.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid3_3.wasClicked = True # if backgrid3_3 is still clicked next frame, it is not a new
click
else:
backgrid3_3.wasClicked = False # if backgrid3_3 is clicked next frame, it is a new click
else:
backgrid3_3.wasClicked = False # if backgrid3_3 is clicked next frame, it is a new click

# *backgrid3_4* updates
if backgrid3_4.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgrid3_4.frameNStart = frameN # exact frame index
backgrid3_4.tStart =t # local t and not account for scr refresh
backgrid3_4.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgrid3_4, 'tStartRefresh') # time at next scr refresh
backgrid3_4.setAutoDraw(True)
if backgrid3_4.status == STARTED:
# check whether backgrid3_4 has been pressed
if backgrid3_4.isClicked:
if not backgrid3_4.wasClicked:
backgrid3_4.timesOn.append(globalClock.getTime()) # store time of first click
backgrid3_4.timesOff.append(globalClock.getTime()) # store time clicked until
else:
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backgrid3_4.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid3_4.wasClicked = True # if backgrid3_4 is still clicked next frame, it is not a new
click

else:

backgrid3_4.wasClicked = False # if backgrid3_4 is clicked next frame, it is a new click

else:

backgrid3_4.wasClicked = False # if backgrid3_4 is clicked next frame, it is a new click

# *backgrid3_5* updates
if backgrid3_5.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgrid3_5.frameNStart = frameN # exact frame index
backgrid3_5.tStart =t # local t and not account for scr refresh
backgrid3_5.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgrid3_5, 'tStartRefresh') # time at next scr refresh
backgrid3_5.setAutoDraw(True)
if backgrid3_5.status == STARTED:
# check whether backgrid3_5 has been pressed
if backgrid3_5.isClicked:
if not backgrid3_5.wasClicked:
backgrid3_5.timesOn.append(globalClock.getTime()) # store time of first click
backgrid3_5.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid3_5.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid3_5.wasClicked = True # if backgrid3_5 is still clicked next frame, it is not a new
click
else:
backgrid3_5.wasClicked = False # if backgrid3_5 is clicked next frame, it is a new click
else:
backgrid3_5.wasClicked = False # if backgrid3_5 is clicked next frame, it is a new click

# *backgrid3_6* updates
if backgrid3_6.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgrid3_6.frameNStart = frameN # exact frame index
backgrid3_6.tStart =t # local t and not account for scr refresh
backgrid3_6.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgrid3_6, 'tStartRefresh') # time at next scr refresh
backgrid3_6.setAutoDraw(True)
if backgrid3_6.status == STARTED:
# check whether backgrid3_6 has been pressed
if backgrid3_6.isClicked:
if not backgrid3_6.wasClicked:
backgrid3_6.timesOn.append(globalClock.getTime()) # store time of first click
backgrid3_6.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid3_6.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid3_6.wasClicked = True # if backgrid3_6 is still clicked next frame, it is not a new
click
else:
backgrid3_6.wasClicked = False # if backgrid3_6 is clicked next frame, it is a new click
else:
backgrid3_6.wasClicked = False # if backgrid3_6 is clicked next frame, it is a new click

# *backgrid4_1* updates
if backgrid4_1.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
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# keep track of start time/frame for later
backgrid4_1.frameNStart = frameN # exact frame index
backgrid4_1.tStart =t # local t and not account for scr refresh
backgrid4_1.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgrid4_1, 'tStartRefresh') # time at next scr refresh
backgrid4_1.setAutoDraw(True)
if backgrid4_1.status == STARTED:
# check whether backgrid4_1 has been pressed
if backgrid4_1.isClicked:
if not backgrid4_1.wasClicked:
backgrid4_1.timesOn.append(globalClock.getTime()) # store time of first click
backgrid4_1.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid4_1.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid4_1.wasClicked = True # if backgrid4_1 is still clicked next frame, it is not a new
click
else:
backgrid4_1.wasClicked = False # if backgrid4_1 is clicked next frame, it is a new click
else:
backgrid4_1.wasClicked = False # if backgrid4_1 is clicked next frame, it is a new click

# *backgrid4_2* updates
if backgrid4_2.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgrid4_2.frameNStart = frameN # exact frame index
backgrid4_2.tStart =t # local t and not account for scr refresh
backgrid4_2.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgrid4_2, 'tStartRefresh') # time at next scr refresh
backgrid4_2.setAutoDraw(True)
if backgrid4_2.status == STARTED:
# check whether backgrid4_2 has been pressed
if backgrid4_2.isClicked:
if not backgrid4_2.wasClicked:
backgrid4_2.timesOn.append(globalClock.getTime()) # store time of first click
backgrid4_2.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid4_2.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid4_2.wasClicked = True # if backgrid4_2 is still clicked next frame, it is not a new
click
else:
backgrid4_2.wasClicked = False # if backgrid4_2 is clicked next frame, it is a new click
else:
backgrid4_2.wasClicked = False # if backgrid4_2 is clicked next frame, it is a new click

# *backgrid4_3* updates

if backgrid4_3.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgrid4_3.frameNStart = frameN # exact frame index
backgrid4_3.tStart =t # local t and not account for scr refresh
backgrid4_3.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgrid4_3, 'tStartRefresh') # time at next scr refresh
backgrid4_3.setAutoDraw(True)

if backgrid4_3.status == STARTED:
# check whether backgrid4_3 has been pressed
if backgrid4_3.isClicked:

if not backgrid4_3.wasClicked:
backgrid4_3.timesOn.append(globalClock.getTime()) # store time of first click
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backgrid4_3.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid4_3.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid4_3.wasClicked = True # if backgrid4_3 is still clicked next frame, it is not a new
click
else:
backgrid4_3.wasClicked = False # if backgrid4_3 is clicked next frame, it is a new click
else:
backgrid4_3.wasClicked = False # if backgrid4_3 is clicked next frame, it is a new click

# *backgrid4_4* updates
if backgrid4_4.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgrid4_4.frameNStart = frameN # exact frame index
backgrid4_4.tStart =t # local t and not account for scr refresh
backgrid4_4.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgrid4_4, 'tStartRefresh') # time at next scr refresh
backgrid4_4.setAutoDraw(True)
if backgrid4_4.status == STARTED:
# check whether backgrid4_4 has been pressed
if backgrid4_4.isClicked:
if not backgrid4_4.wasClicked:
backgrid4_4.timesOn.append(globalClock.getTime()) # store time of first click
backgrid4_4.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid4_4.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid4_4.wasClicked = True # if backgrid4_4 is still clicked next frame, it is not a new
click
else:
backgrid4_4.wasClicked = False # if backgrid4_4 is clicked next frame, it is a new click
else:
backgrid4_4.wasClicked = False # if backgrid4_4 is clicked next frame, it is a new click

# *backgrid4_5* updates
if backgrid4_5.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgrid4_5.frameNStart = frameN # exact frame index
backgrid4_5.tStart =t # local t and not account for scr refresh
backgrid4_5.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgrid4_5, 'tStartRefresh') # time at next scr refresh
backgrid4_5.setAutoDraw(True)
if backgrid4_5.status == STARTED:
# check whether backgrid4_5 has been pressed
if backgrid4_5.isClicked:
if not backgrid4_5.wasClicked:
backgrid4_5.timesOn.append(globalClock.getTime()) # store time of first click
backgrid4_5.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid4_5.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid4_5.wasClicked = True # if backgrid4_5 is still clicked next frame, it is not a new
click
else:
backgrid4_5.wasClicked = False # if backgrid4_5 is clicked next frame, it is a new click
else:
backgrid4_5.wasClicked = False # if backgrid4_5 is clicked next frame, it is a new click
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# *backgrid4_6* updates
if backgrid4_6.status == NOT_STARTED and tThisFlip >= 1-frameTolerance:
# keep track of start time/frame for later
backgrid4_6.frameNStart = frameN # exact frame index
backgrid4_6.tStart =t # local t and not account for scr refresh
backgrid4_6.tStartRefresh = tThisFlipGlobal # on global time
win.timeOnFlip(backgrid4_6, 'tStartRefresh') # time at next scr refresh
backgrid4_6.setAutoDraw(True)
if backgrid4_6.status == STARTED:
# check whether backgrid4_6 has been pressed
if backgrid4_6.isClicked:
if not backgrid4_6.wasClicked:
backgrid4_6.timesOn.append(globalClock.getTime()) # store time of first click
backgrid4_6.timesOff.append(globalClock.getTime()) # store time clicked until
else:
backgrid4_6.timesOff[-1] = globalClock.getTime() # update time clicked until
None
backgrid4_6.wasClicked = True # if backgrid4_6 is still clicked next frame, it is not a new
click
else:
backgrid4_6.wasClicked = False # if backgrid4_6 is clicked next frame, it is a new click
else:
backgrid4_6.wasClicked = False # if backgrid4_6 is clicked next frame, it is a new click

# check for quit (typically the Esc key)
if endExpNow or defaultKeyboard.getKeys(keyList=["escape"]):
core.quit()

# check if all components have finished
if not continueRoutine: # a component has requested a forced-end of Routine
break
continueRoutine = False # will revert to True if at least one component still running
for thisComponent in backComponents:
if hasattr(thisComponent, "status") and thisComponent.status != FINISHED:
continueRoutine = True
break # at least one component has not yet finished

# refresh the screen
if continueRoutine: # don't flip if this routine is over or we'll get a blank screen
win.flip()

for thisComponent in backComponents:
if hasattr(thisComponent, "setAutoDraw"):

thisComponent.setAutoDraw(False)
return_cue.stop() # ensure sound has stopped at end of routine
trials.addData('return_cue.started', return_cue.tStartRefresh)
trials.addData('return_cue.stopped', return_cue.tStopRefresh)
# the Routine "back" was not non-slip safe, so reset the non-slip timer
routineTimer.reset()
thisExp.nextEntry()

Teppatiopog Melpapatog

# completed 40.0 repeats of 'trials’
sys.stdout = original_stdout # Reset the standard output
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# get names of stimulus parameters

if trials.trialList in ([], [None], None):
params = []

else:
params = trials.trialList[0].keys()

# save data for this loop

trials.saveAsExcel(filename + '.xIsx', sheetName="trials’,
stimOut=params,
dataOut=['n','all_mean",'all_std’, 'all_raw'])

trials.saveAsText(filename + 'trials.csv’, delim=",",
stimOut=params,
dataOut=['n",'all_mean','all_std", 'all_raw'])

# Flip one final time so any remaining win.callOnFlip()
# and win.timeOnFlip() tasks get executed before quitting
win.flip()

# these shouldn't be strictly necessary (should auto-save)
thisExp.saveAsWideText(filename+'.csv', delim='semicolon’)
thisExp.saveAsPickle(filename)

logging.flush()

# make sure everything is closed down

thisExp.abort() # or data files will save again on exit
win.close()

core.quit()

13. MMapdaptnna B: Kodwag MATLAB

Apxkoroinon

close all;
clear all;

% Start eeglab without GUI
eeglab nogui;

Qoptwon Kal MetaoxnUaATIopoc AeSoueEVwY

%% Load data

eeglab nogui;

eeg_demo = pop_biosig('pilot30.bdf');

exp_data = readtable('OpenBCI-RAW-2022-04-15_18-48-51_numbers.csv');

%% Get dataset information
eeg_channelnum = 16;
eeg_sample_rate = 125;

% Delete unneeded channels

exp_data=removevars(exp_data,{'AccelChannel0’,'AccelChannell’,'AccelChannel2’,...

'Other','Other_1','Other_2','Other_3','Other_4','Other_5','Other_6",...
'AnalogChannel0','AnalogChannell’,'AnalogChannel2'});
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%%
% Rename EEG channels
% Renames: T3 ->T7, T4 -> T8, T5 -> P7, T6 -> P8

eeg_channels = {'Fp1','Fp2','C3','C4','P7",'P8",'01",'02",'F7','F8",'F3','F4",'T7",'T8",'P3’,'P4'};

exp_data.Properties.VariableNames(2:17) = eeg_channels;

% Apply scale factor to EEG measurements

% Not used

eeg_gain = 24;

eeg_scale_factor = (4.5/eeqg_gain)/(2123-1); %(Volts/count);
%exp_dataf:,2:17} = exp_data{:,2:17}*eeq_scale_factor;

% Create eeglab struct with data
eeg_exp = eeg_demo;

%struct_fields = fieldnames(eeg_exp);
%%

chanlogs=table2struct(chanlogs);
eeg_exp.chanlocs= chanlogs;

%%
% Edit fields
% Info on fields: https://sccn.ucsd.edu/~arno/eeglab/auto/eeg_checkset.html|
eeg_exp.setname='eeg_desc’;
eeg_exp.filename='filename_exp’;
%eeq_exp.filepath=[dir_exp '\' filename_exp];
%eeg_exp.subject="";
%eeg_exp.group=""
%eeg_exp.condition="";
%eeg_exp.session=1;
%%eeg_exp.comments=""
eeg_exp.nbchan=eeg_channelnum;
%eeg_exp.trials=1;
%eeg_exp.pnts=size(exp_data,1);
eeg_exp.srate=eeg_sample_rate;
eeg_exp.xmin=0;
eeg_exp.xmax=857.9;
eeg_exp.times=transpose(str2double(exp_data{:,18}));
eeg_exp.data=str2double(exp_data{:,2:17});
eeg_exp.data=transpose(single(eeg_exp.data));
eeg_exp.data=eeqg_exp.data*eeg_scale_factor;
eeqg_exp.pnts=size(exp_data(:,1),1);
%%
channels_to_keep = [];
for i = 1:size(eeg_exp.chanlocs,1)

if any(strcmp(eeg_channels,eeg_exp.chanlocs(i).labels))

channels_to_keep(end+1) = i;
%eeg_exp.chanlocs(i).labels

end
end
eeg_exp.chanlocs = eeg_exp.chanlocs(channels_to_keep);

eeg_exp.ref='common’;

eeg_exp.event = eeg_exp.event([]);
eeg_exp.urevent = eeg_exp.urevent([]);
%eeg_exp.eventdescription = "';
%epoch = [];

%epochdescription = [];
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%%

eeg_exp = eeg_checkset(eeg_exp); %check the dataset consistency
%%

eeg_exp = pop_reref( eeg_exp, []); %average reference

%pop_eegplot(eeg_exp, 1, 0, 1); %plot the data
%%
eeg_exp = pop_resample(eeg_exp, 125);

%%
eeg_exp = pop_eegfiltnew(eeg_exp, 'locutoff, 1, 'hicutoff’, 50); %pass 1-50Hz

%%
eeg_exp.data(:,:) = detrend(eeg_exp.data(:,:)')';

%%

eeg_exp = pop_runica(eeg_exp, 'icatype’, 'runica’, 'extended’, 1, 'interrupt'’,'on’); %ICA
%%

pop_topoplot(eeg_exp, 0); % plot ICA

%%

eeqg_exp=iclabel(eeg_exp)
round(eeg_exp.etc.ic_classification.ICLabel.classifications(:,:)*100)
eeg_exp.etc.ic_classification.ICLabel.classes

%%

eeg_exp = pop_subcomp(eeg_exp, 4, 1); %(struct, component, 1)
%%

EEGf = fft(eeg_exp.data); %FFT

banda = bandpass(EEGS, [8 13], 125); %alpha band

bandb = bandpass(EEGf, [14 26], 125); %beta band

bandg = bandpass(EEGf, [30 50], 125); %gamma band

bandd = bandpass(EEGS, [1 4], 125); %delta band

bandth = bandpass(EEGY, [4 8], 125); %theta band

powera = bandpower(banda); %alpha band power
powerb = bandpower(bandb); %beta band power
powerg = bandpower(bandg); %gamma band power
powerd = bandpower(bandd); %delta band power
powerth = bandpower(bandth); %theta band power
plot(powera);

plot(powerb);

plot(powerg);

plot(powerd);

plot(powerth);

%%

%t-test

%% The below includes alpha band only, the same has been run for all bands by replacing poweral
and powera2 variables

%from each population we use the mean value in each sample to determine if the mean value is
equal between the two populations

[h,p_welch,ci_diff,stats_w] = ttest2(poweral(:), powera2(:), 'Vartype', 'unequal’);

%%

%Wilcoxon rank sum testcollapse

p_rs = ranksum(poweral(:), powera2(:));

x = poweral(:); y = powera2(:); n1 = numel(x); n2 = numel(y);

mul = mean(x); mu2 = mean(y); s1 = std(x,0); s2 = std(y,0);

sp =sqrt(((n1-1)*s1/2 + (n2-1)*s242)/(n1+n2-2));

d=(mul-mu2)/sp;
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g=d*(1-(3/(4*(n1+n2)-9)));
B =5000; db = zeros(B,1);
forb=1:B
xb = x(randi(n1,[n1,1])); yb = y(randi(n2,[n2,1]));

spb = sqrt(((n1-1)*var(xb,0) + (n2-1)*var(yb,0))/(n1+n2-2));

db(b) = (mean(xb) - mean(yb)) / spb
end
ci_d = prctile(db,[2.5 97.5]);
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