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Zakladni podoby uceni a mysleni.

Prof. MUDr. J. FABER, DrSc. PRAHA, 2014

Jakakoliv 1ékatska 1é¢ba ma byt spojena s psychoterapii. Casto ji pomoci svych ,dobrych rad“, spise
BF), tedy pouziti zpétné vazby a EEG pro lécbu uzkosti, poruch pozornosti, hyperaktivity nebo epilepsie, by také
meéla byt po dobu sezeni vzdy doprovazena verbalnim kontaktem terapeuta s pacientem.

Vtomto ¢lanku se budeme vénovat nasledujicim kategoriim: uceni, paméti, mysleni a reci. Zacneme
ucenim a paméti nebot oboji spolu souvisi jako dvé strany téZze mince. Jde o dva slozité pojmy zasadni
dtlezitosti. Pfes veskerou snahu védy nejsou zcela probadané, proto zde uvadime nékolik pohledl na tento
problém.

Uéeni a pamét.

Psychofysiologie paméti miiZe operovat s pojmy interni a externi mechanism siologické a
patologické formy. Jde tedy o ¢tyii mozné kategorie uceni a pameéti: interni fysiologické, externi fysiologické,
interni patologické a externi patologické.

Interni fysiologické mechanismy paméti spocivaji vthalamokortikadlnim reverbera¢nim systému
(TKRS), v septohippokampovém systému (SHS, coZ je v podstaté hlavni ¢ast limbického systému - LS) a v
aktivité pontocerebralnich jader a drah béhem REM spanku. (Viz obr. 1) Pro tato tvrzeni je znama rada
experimentalnich i klinickych dlikaz{, kupt. pre- i postnatalni insuficience REMu je ¢asto spojena s oligofrenii
nebo demenci i s epilepsii. Tyto mechanismy jsou definovany geneticky a nejen lidé, ale i vSichni savci se
s nimi, jiZ dobfe vyvinutymi, rodi. Struéné mluvime o zasadnim vyvojovém vlivu prirody - nature.

Externi fysiologické mechanismy spocivaji od narozeni na dyadickém vztahu s matkou, tj. na
"primknuti, secure attachment" i na nasledujici vychové a vzdélani, stru¢né na "kulturogenesi”. Jde tedy o zevni
vlivy rodiny, spole¢nosti a Skoly - nurture.

Interni patologické mechanismy uceni a paméti jsou dané dédic¢nosti, kupt. Downova choroba nebo
presenilnimi a senilnimi degenerativnimi procesy, kupt. Pickova nebo Alzheimerova demence. Sem patii i
kongenitalni (vrozené) degenerativni choroby jako je kupi. Wilsonova nemoc se symptomy: epilepsie,
hyperkinese, demence zpilsobend stifadanim médi pro nedostatek jejiho bilkovinného prenasSece
ceruloplasminu.

Zajimava jsou badani Moffita (2002) zjistujici u nékterych delinkventli muzského pohlavi deficientni
chromosom X. Tato organela nejen definuje pohlavi, ale i fadu enzym, kupft. inhibitory monoaminooxidazy, pii
jejichz nedostatku muZe vznikat kupf. hyperdopaminergie vedouci ke zvy$ené agresivité. Zeny maji dva X
chromosomy, muzi jen jeden X a druhy do paru je relativné maly Y chromosom definujici muzské pohlavi. Zeny
tedy maji moznost kompensovat jeden nedokonaly X druhym X chromosomem od druhého rodice, ktery je
s velkou pravdépodobnosti normalni. Moffit zjistil, Ze ani tento geneticky deficit na zloCinnou karieru nestaci,
ale je treba jesté proZit neStastné mladi plné psychotraumat, aby se uvedena latentni aneticka a agresivni
psychopatickd povaha projevila. Zivot je sloZity a osud je ziejmé dan interakci mnoha faktorti jak
prirodnimi (nature), tak spolecenskymi (nurture).

http://cdzjesenik.cz/journal/
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Ztejmé podobné to mize byt i s jinymi tchylkami jako je ADHD syndrom, kde se podeziiva asi 40 genti
jako ptivodcti symptomatologie téchto poruch. Také zde jsou pritomny kofaktory negenetické povahy jako jsou
nemoci matky v téhotenstvi véetné eklamptickych komplikaci (diabetes, epileptiformni paroxysmy, dyspeptické
poruchy s vitaminovou a proteinovou karenci, toxikomanie etc.), perinatalni prihody (hypoxie, vysoky forceps,
zkalena plodova voda, dlouha latence mezi odtokem plodové vody a porodem, silny neonatalni ikterus), dale
jakékoliv piihody v predskolnim véku (vysoké horecky, traumata somaticka i psychicka, disharmonicka rodina,
etc.).

U dobie 1éCenych epilepsii se psychické poruchy dnes jiz témér neobjevuji, ale je-li epilepticky fokus (EF)
piitomen v LS, miZe se vyvinout medikamentosné semiresistetni syndrom pripominajici na jedné strané
Jheurosu” (paroxysmalni anxieta, panické ataky, derealizace, insomnie) a na druhé strané i psychosu (bludna
apercepce, autistické chovani, optické pseudohalucinace, synestesie) a mohou ptichazet i epileptické, hlavné
simplexni i komplexni parcialni zachvaty, jak to vidime u epileptosy (Faber 2003).

Externi patologické uceni a dal$i zevni vlivy. Samotné (tedy isolované a bez dalSich vlivii)
~patologické uceni” je vlastné "encefaloprogramopatie” dana abnormalni vychovou v obdobi primknuti
(attachment), kupt. "insecure resistant attachment" nebo "insecure avoidance attachment" (Bowlby 1995,
Faber a Pilafova 2001). Prostredi s nedostatkem jodu vyvolava kretenismus, pri nadbytku fluoru mize klesat
inteligence. Mize jit také o postlesionalni psychopsyndrom, kupt. posttraumaticky, postencefaliticky,
postintoxikacni (kyslicnik uhelnaty, olovo, rtut, chronicky ethylismus /Korsakoviiv syndrom nebo Wernickeho
encefalopatie/, navykové drogy apod.).
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Obr.1 Podélny, sagitdlni priifez mozkem. Struktury popisujeme zprava zdola smérem vzhiiru: medulla
oblongata (25), prodlouZend micha, kde jsou centra pro rizeni dechu, krevniho tlaku a srde¢niho pulsu a také NR =
nuclei raphe (18), coZ jsou nespecifickd humoroergni centra s dlouhymi vidkny (14), kterd na svém zakonceni
v synapsich vylucuji prenasec Cili transmiter, v tomto pripadé serotonin regulujici synchroni spdnek (NONREM) a
dobrou ndladu. Smérem dolii oblongdta vystupuje skrze foramen occipitale magnum z krania (mozkovny) a
pokracuje ddle jako micha hi'betni (medulla spinalis).

Smérem nahoru prechazi oblongata do Varolova mostu (24), kde jsou centra pro regulaci paradoxniho
spanku (REM), kupf. noradrenergni locus caeruleus (LC),(17) a acetylcholinergni jadra nucleus
pedunculopontinus et nucleus laterodorsalis. Dlouha vlakna z téchto center (13) vedou opét do riznych etazi
mozku vCetné kortexu (1).

Z pontu vedou masivni vldkna do mozecku, cerebellum (22), prichazeji z vestibularniho aparatu, michy a
kortexu a slouzi rovnovaze, hrubym i jemnym pohyblim a ziejmé i mentaci. Pri stimulaci cerebella se tlumi
epilepticka aktivita i psychotické projevy. Tyto choroby mivaji atrofii cerebella.

Smérem vzhiru prechazi most do mesencefala (23), midbrain, stfedni mozek, kde se nachazi retikularni
formace (16), ktera udrzuje svym vlivem naSi bdélost, opét pomoci dlouhych a rozvétvenych vlaken (12),
nazyva se také ascendentni retikularni aktivacni systém, (ARAS). Coliculi rostrales (32) jsou hlavni
subkortikalni opticka jadra a coliculi distales (33) jsou podobna akusticka jadra.

Mesencefalon prechdzi (na obraze vlevo) do hypotalamu (20), nejvy$Siho neurovegetativné-
hormonalniho centra, z néhoz jdou vlakna do hypofysy (21), odkud se vyplavuji do krevniho obéhu fidici
hormony pro zlazy s vnitini sekreci, kupt. ARH, (adrenokortikotropni releasing hormon) z hypotalamu jde
cévami do predniho laloku hypofysy, kde zplisobi vylucovani ACTH (adrenokortikotropni hormon), jenz
vyplaven do krve zpiisobi asi po 10 minutach sekreci adrenalinu ze diené nadledvinek a kortikoidd z ktry
nadledvinek. Toto je hlavni stresova cesta, kterou organismus odpovida na stresy rtizného druhu, somatické
(bolest, hlad, zima, horko, horecka, nevyspani) i psychické (rozcileni, zloba, smutek ze zevnich pricin etc.).
Hanel (1999, podle Holmes and Rahe, 1967) uvadi skalu stresu v procentech: imrti druha (100%), rozvod (73),
nemoc nebo uraz (53), svatba (50), gravidita (40), socialni problémy (39, novy ¢len rodiny (39), finan¢ni
problémy (38), zména Zivotnich podminek (25), pracovni problémy (23), zmény pracovniho casu (20),
prestéhovani (20), poruchy spanku (16), dovolena (13), vanoce (12%).

Na basi temporalniho laloku je uloZen archicortex, tj. hippocampus (10 se tfemi vrstvami neuronti), kde je
pamétovy registr, sidlo emoci, motiva¢ni impulsy, na jeho konci je amygdala (11) opét s emocemi, nazyvana
také ,jadrem strachu“, vysSe je thalamus (8, donator rytmu pro neocortex), kam konverguji vSechny smyslové
drahy a odkud jdou miriddy vlaken (5. 6) do neocortexu (1, se Sesti vrstvami neuront, zaujima 90% plochy
veSkerého koprtexu), kde je sidlo konkrétniho a abstraktniho mysleni, vnimani, bdélosti, védomi, feci atd.
Striatum (26, ST) a pallidum (30) patfi k basalnim gangliim s motorickou a pamétovou funkci. Corpus callosum
(4) je asi 500 miliond vldken spojujicich obé hemisféry, Zeny maji vice vlaken. Gyrus cinguli (3) patri
k neokortexu, ale funkéné ma blizko k limbickému systému. Oko (7) posila do thalamu milion vlaken Septalni
jadra (9) jsou donatorem rytmu pro hippokampus.

http://cdzjesenik.cz/journal/
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Pismena predstavuji kybernetickou analogii s ,¢ipem“: IB = instruction buses, soubor vldken nesoucich
programy, tj. navody, jak zpracovat data, DB= data buses, tj. vldkna dopravujici konkrétni informace ze smysla
(DB),

AB = adress buses, tj. vlakna dopravujici data na dalsi adresy k dalSimu zpracovani.

Dynamicky pohled na uéeni sleduje tento proces z hlediska casu. Jde o bezprostiedni (BP, immediate
memory = IM), kratkodobou (KP, shortterm memory = SM) a dlouhodobou pamét (DP, longterm

memory = LM).

Béhem vigility ptijimame informace pomoci svych smysla (o¢i, usi, hmat, ¢ich chut) a preménujeme je na
neurondlni signaly - impulsy. Tyto vzruchy (impulsy) putuji ve stovkach miliard cely mozkem a jsou do jisté
miry synchronizované, tj. shromazdéné do skupin a proto je mizZeme vétSinou dobre sledovat jako vinéni
pomoci elektroencefalografu (EEG).

Aktivace periferniho smyslu, kupf. oka, ucha, kde se transformuje svétlo (vinéni elektromagnetické pole)
a zvuk (akustické vinéni hmotného prostiedi) na sled neurondlnich impulst (elektrochemické podstaty)
v nervovych burikach. Je to déj v rozhrani (interface) odehravajici se ve dvou riznych prostredich, tj. v okolnim
svété a ve vnitinim svété Zivého organismu. Jde o rychlost a presnost zobrazeni toho svéta zevniho do vnitinich
struktur. To je vSak, freknéme si to hned, dosti neptresné (ili ,fuzzyfikované“. Zevnim podnétem vznikaji ve
smyslech sledy impulst fecené SNI (sekvence neuronalnich impulsti) v nichZ jsou ,obrazy” zevniho svéta
zakodované. Psychologicky jde o vnimani ¢ili percepci.

Ze smysll jdou impulsy do thalamu. Mezi thalamem a kortexem impulsy dlouhodobé krouzi, proto
mluvime o thalamokortikalnim reverbera¢nim systému (TKRS). Po logické strance je tato cirkulace iteraci,
které zptlisobuje zpiesnéni vnimani, ,defuzzyfikaci“ a identifikaci vnimaného ¢ili kognici. KrouZeni
impulsi v TKRS je nejen zakladem bezprostiredni paméti (BP), ale i mechanismem védomi: uvédomovani
si sebe a svého okoli, uvédomovani si toho, Ze si uvédomuji svou existenci a nékteré své psychické procesy.
Posledni pojem nazyval profesor Vondracek (1959, 1995) ,ultrasensibilitou”. Mize jit o zaklad 2. signalni
soustavy (Pavlov 1925). Je to prvni krok k vtvoteni psychického jastvi (Ego) a noogenese.

TKRS produkuje nejen regulerni, ale i ndhodné proménné, tzn. Ze na jedné strané je obtizné ridit takovy
systém se stovkou miliard neuront, ale na druhé strané poskytuje tento systém mnoho stupiiti volnosti
s moznosti potlacit funkéni fixaci, porusit zavedeny dynamicky stereotyp nebo uskutecnit logicky skok. Takovy
systém muze produkovat psychosu nebo epilepsii, ale i genialitu. Vondracek (1959) popisuje v anamnesach
psychotikli castéjsi vyskyt nadprimeérné inteligentnich lidi. JiZ Seneca cituje Platéna: ,marné klepe na branu
poesie, kdo je Uplné pti smyslech” nebo Aristotela: ,kazdy genius ma v sobé trochu silenstvi“.

Béhem BP se musi vytvorit docasné pamétové stopy, nejspiSe v podobé lokalni depolarisace neuronalni
membrany, vedouci k otevirani kalciovych kanalki a ke vstupu Kkalcia intracelularné. Zde pravdépodobné konci
faze cirkulace impulst a nastava docasna fixace pamétové stopy, Cili pirechazi zde bezprostiedni pamét
(BP) do kratkodobé (KP). Uvedené déje jsou naprosto neuvédomované.

Jsou to hypotetické enzymy aktivované kalciem, které dale stimuluji tzv. transkriptory, kupt. CREB. Ten
dokaZe najit vhodny ,lokus“ v nukledrni DNA neuronu, okopirovat ¢ast DNA a sestiihat (splicing) kopii
v podobé mesengerové RNA (mRNA). Toto je proces transkripce. Podle této mRNA se vytvoii v bunéénych
polysomech specielni bilkovina (kupt. synapses strengthening protein, SSP), coZ je proces translace. SSP
posiluje ta mista na neuronalni membrané, kterd byla silné depolarizovana pravé doslymi intensivnimi impulsy.
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Tak se fixuje jisté misto na neuronu, jehoz podrazdéni je vhodné si ,zapamatovat” (Hall 2003, Fields 2005). V
procesu se mohou angazovat i jiné latky, kupf. protein S-100 nebo podle Hydéna (1974) ,memory“ proteiny,
které maji oproti béZnym proteintim pirevahu nékterych aminokyselin, kupt. glutaminu. Ampakiny by mély byt
latky zlepsSujici pamét.

Témito procesy se méni kratkodoba pamét (KP, shortterm memory = SM) na dlouhodobou pamét
(DP, long term memory = LM). Uvedeny mechanismus fixace pamétovych stop v neuronech je zifejmé sloZity a
vyZaduje ke své realisaci dosti ¢asu. Proto mozek savctli vyuziva obdobi relativniho klidu, tj. spanek. Battaglia et
al. (2005) uvadi jisté uspoiadani impulst (SNI) béhem pohybu krysy v bludisti a jeho pomérné piesné
repetovani béhem fazi spanku.

Experimentalni zvirata i lidé po zatiZeni télesnymi vykony maji zvySené mnoZstvi NONREM a po zatézi
psychickymi a emoc¢nimi testy maji zvySeni REM spanku. Rzné faze spanku jsou velmi dilezité pro endoKrinii.
Diky fenestraci kapilar v plexus chorioides, eminentia mediana hypothalami, varea postrema oblongaty a
v epifyse se dostavaji vysokomolekularni latky jako proteiny nebo hormony lehce z krevniho obé&hu piimo do
mozkomisniho moku, mozkové tkané a také putuji i opacnym smérem. To je velmi dtlezité pro klinickou
informaci: nevyspalé dité po domacich Sarvatkach nema ani spankem ani hormony dobfte regulovany mozek.
Prosser et al. (1997) zjistuje u 115 déti s psychiatrickymi poruchami chovani a s ADHD zvySenou plasmatickou
hladinu GABA. Zfejmé u téchto syndromt nejde jen o neuronalni, ale i humoralni dysregulaci. Sami jsme nalezli
u 30 déti s ADHD casté perinatalni asfyxie, genetickou zatéz, vyssi hladiny olova a lithia, poruchy imunity a
nizs$i hladinu hemoglobinu (Faber 2003, Faber et al. 2001, 2002).

Centra v mozkovém kmeni reguluji vigilitu a spanky a ovliviiuji sekreci hormonti z hypothalamu a
hypophysy. Tyto hormony (kupt. prolaktin, somatotrofni hormon, testosteron apod. vylu¢ované hlavné ve
spanku) maji protektivni vliv na mozek a soucasné zlepSuji uceni a zlepSenou proteosyntézou zdokonaluji
dlouhodobou pamét (DP, LM). Pti ¢astém pouzivani nékterych tkontl se pamét dale zdokonaluje, na neuronech
se vytvareji dalsi synapse i tzv. trny (spines) tj. vyristky na dendritech, na nichZ se pak napojuje nékolik
synapsi. Tak se pamétové stopy v nervové tkani ,petrifikuji“ a sofware se stava anatomickou strukturou
tedy hardwarem.

http://cdzjesenik.cz/journal/
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Obr. 2 (LILIIL= neurony, 1 = dendrity, 2 = soma neuronu, 3 = axon hillock generuje impuls, ktery jde po
neuritu 4 na dalsi neuron 111, 5 = odbocky cili kolaterdly neuriti, 6 = synapse.) Na nékterd mista neuronu dopadd v
synapsich vétsi mnoZstvi impulsti neZ na jind mista. Tato mista jsou pak depolarisovand a mohou zptisobovat riizné
metabolické reakce: reakce A (Kandel a Schwartz 1985), reakce B (Hall 2003, Fields 2005,). Reakce A: kapky
neurotransmiteru (kupr. acetylcholinu, dopaminu (7) aktivuji v postsynaptické densité (8) G-protein (9), ten
aktivuje cyklickou adenosinmonofosfatdzu (cAMP,10) ta méni ATP (11) na cyklicky adenosinmonofosfdt (12)
aktivujici proteinkindsu (13), jejiZ regulacni podjednotka vstupuje do jddra neuronu a zptisobi transkripci (14).
Takto vznikld mRNA (16) vycestuje z jddra a spoji se se serii ribosomti (19, polysomy) a ndsledujici translace vede k
proteosyntéze. Takto vznikly protein (20) slouzi obvykle jako katalysdtor a ten pak je koproduktorem kupft. dalsiho
transmiteru nebo se stane mikrostrukturou neuronu.

Reakce B je tato: neurotransmiter (kupft. glutamat (7) prenese vzruchovy signal v synapsi z jednoho
neuronu na druhy v podobé impulzd, opét zplsobi postsynaptickou (8) lokalni depolarizaci, otevirani
calciovych iontovych kanalkii a produkci hypotetické signalni molekuly (HSM, 21), ktera aktivuje "osu synapse-
nucleus". Nucleolus (18) obsahuje také RNA. Opakovana stimulace a HSM aktivuje protein CREB (17) v jadre
neuronu. CREB je transkripc¢ni faktor, tzn. Ze zptsobi transkripci, tj. kopirovani genetickych informaci z DNA
(15) na messengerovou RNA (mRNA). Tento proces je jiZ podobny A reakci. Kopie DNA, tj. mRNA vycestuje z
jadra a spoji se s polysomy (19) a translaci nastane proteosyntéza. Vznikne specielni "synapsi posilujici protein”
(20, 22) (synapse - strengthening protein, SSP). SSP posiluje specielné jiz drive velmi aktivované postsynaptické
receptory (kupt. glutamatové) a zvySuje tak dlouhodobé jejich vnimavost. V téchto mistech jsou efektni tzv.
ampakiny zvySujici pamét. Tak se asi realizuje dlouhodoba pamét v neuronu. Lze si predstavit i jiné
mechanismy pamétovych stop, kupt.postimula¢ni aktivace "fos-like" latky (Merchant-Nancy et al. 1992) nebo
proteinu s rychlou zménou struktury (ultrafast folding protein). Proto zlepSeni kognice nastava po lécich
phenserine, donepezil, rivastigmin (pouZivanych u morbus Alzhemier), po modafinilu (uzivany u narkolepsie)
nebo po methylphenidatu (uZzivany u ADHD syndromu).
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Nakonec se zminime o tradi¢nim statickém pohledu na psychologii paméti a uceni. Lze rozliSovat
deklarativni (explicitni) a nedeklarativni (implicitni) pamét. Deklarativni pamét dale délime na episodickou
(pamatujeme si, co a kde se stalo, kupt. udalosti na s$tédry den, na Skolni vylet, divadelni predstaveni, etc), a
sémantickou (v paméti mame také hola fakta, anizZ bychom si byli védomi, kdy a kde jsme jich nabyli, kupf.
historicka data z déjepisu, zemépisné, jazykové nebo hudebni védomosti, matematické nebo chemické rovnice).
Anatomické sidlo téchto pamétovych engramat je predevsim v hippokampu, coZ je zajimavé nebot zde je i sidlo
emoci a motivac¢nich impulst. Je to vSak i ¢ast hypothalamu, kupf. corpora mammilaria, fornix, septalni jadra a
casti ARAS, které maji vliv na pamét. Vime ze zkuSenosti, Ze studium, jehoZ téma se nam libi, si podstatné 1épe
zapamatujeme nez to nezazivné. Nezazivnost je ovSem subjektivni proZivani.

Nedeklarativni pamét se dale déli na dovednost (skill), (jizda na kole, plavani, Femeslné dovednosti),
doplnovani slov (jako test se dava zapamatovat si fadu slov a retest je doplniovani ¢asti slov na slova cela).
Tuto pamét dale délime na neasociativni uceni (senzitizace, piivodné irrelevantni podnét se opakovanim
stane obtiznym, nepiijemnym), desenzitizace (plvodné vyznamny podnét, kupt. zvuk klaksonu, se stane
nedilezitym, neni-li doprovazen relevantni udalosti), habituace se podoba desenzitizaci (s tim rozdilem, Ze
ptvodni podnét nebyl nikdy dtlezity) a konecné deshabituace se podoba senzitizaci s tim rozdilem, Ze ptvodni
habituovany podnét se stane vyznamnym, protoZe zacne doprovazet dilezitou udalost, kupt. krysa se znovu
zacne lekat pti zvuku klaksonu, protoZe tento jiZ habituovany podnét zacal byt de novo doprovazen tfeba malou
elektrickou ranou do podlazky klece.

Dalsi druh nedeklarativni paméti je asociativni uceni: Pavlovovské a operantni. Anatomické struktury
nedeklarativni paméti maji byt lokalizovany v cerebellu a basalnich gangliich (Atkinson et al. 1995, Bouchal a
Konecny 1966, Ri¢an 1972).

Nedeklarativni asocia¢ni uceni podle Pavlova je podle Klasickych predstav zaloZeno na dvou zevnich
podnétech a jejich konstantni ¢asové vzdalenosti a zavislosti: prvni je podminény podnét ,varujici“ (kupf.
svétlo, dotyk nebo zvuk, PP) a nasledujici je nepodminény, tzv. imperativni (kupf. podani potravy nebo
bolestivy podnét NP). Po vypracovani podminéného reflexu opakovanim obou podnétti miize vyvolavat sam PP
i bez NP reflexni odpovéd (kupf. slinéni po aplikaci svétla). Je to odpovéd ziskana ucenim, tj. doCasnym
dynamickym spojenim. Nebude-li mit takové spojeni v budoucnu biologicky smys], tj. nebude-li po svétle vzdy
podana potrava, bude tento reflex vyhasinat. Jinymi slovy podminény reflex miize bez obc¢asného posilovani, tj.
spojovanim obou podnéti (PP a NP), zanikat.

Nedeklarativni asocia¢ni operantni podminovani (Sterman a Friar 1972) je zaloZeno na jednom vnitinim
a jednom zevnim podnétu a navic je inversni, ¢ili zpétné (Dostalek, 1976) tj. vnitini nepodminény podnét (kupf.
SMR vieteno v EEG) se objevi jako prvni a nasledujici podminény podnét (kupf. odména) jako druhy podnét.
EEG BF je zaloZen na zacatku uceni na nahodné pritomnosti Zaddaného EEG grafoelementu (GE), kupf.
sensorimotorického rytmu (SMR).

TKRS stale produkuje vSechny rytmy od 1 do 30 Hz a je jen otazka ¢asu, kdy prijde i SMR (o frekvenci 14 -
18 Hz). A objevi-li se Zadouci GE (grafoelementy), dojde k odménég, coz mozek, predevsim jeho limbicky systém
JKvituje s povdékem* a ,chce” tuto situaci opakovat. Tak dochazi k nejpozoruhodnéjsimu jevu v EEG historii, tj.
k jakési transmutaci viile do podoby EEG zmény. Béhem tady 1écebnych sezeni se situace (fixace EEG GE
s odménou) opakuje stale ¢astéji. Zadané EEG GE jsou stale ¢astéjsi, a proto prosazuji své vlastnosti, v tomto
pripadé (EEG GE = SMR) je to motoricka inhibice (dité se stale 1épe ovlada) a zlepsena fokusace pozornosti (dité
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se stale 1épe soustredi), (Howard et al. 1982, Faber et al. 2002). EEG BF, EMG-bio-feedback, posilovani analnich
nebo urinalnich (mik¢nich) sfinktert a pod. patii také mezi operantni podminovani.

Pro BF miZeme pouZit jakykoliv pristroj, ktery dokaze citlivé zmétit zmény elektrické, metabolické nebo
oxida¢ni zmény. PouZili jsme pro feedback nékolikrat i tzv. NIRS (Near Infrared Spectrograph), ktery sleduje
hladinu oxy- a deoxyhemoglobinu v kortexu. PrestoZe mérend latence zmén v mozku je vétsi nez pii EEG,
ukazalo se, Ze i tento pristroj je pro BF 1écbu vhodny.

R. Christopher deCharms et al. (2005) pouzili novy velmi rychly fMR pristroj, ktery pracoval v aktuelnim
Case (real time functional Magnetic Resonance Imaging - rtfMRI). Vyssi rychlost umoznila, aby proband mohl
reagovat dostatec¢né rychle na kazdou novou situaci. Autofi zjistili pti tomto tréniku zlepSeni schopnosti ovladat
hyperaktivitu v rostralni (pfedni) ¢asti gyrus cinguli (GC) a tim i potla¢ovat bolest a zlepSovat pozornost.

Podle diikazl z isotopovych studii (PET) vime, Ze GC je také mistem, kde pocitujeme télesnou i duSevni
bolest (Posner a Raichle 1994). U depresivnich nemocnych byla zde nalezena zvySena aktivita. Dobrovolnikiim
byla zplisobena bolest palenim horkym predmétem nebo byly ,zkouseni“ standardizovanymi psychologickymi
testy a soucasné byla nalezena zvySena aktivita v GC. To znamena, Ze dusevni tryzen a télesna bolest ma mnoho
spolecného a trva-li dlouho, je nesnesitelna a velmi stresujici. Uvedena klinicka sledovani byla provadéna také
u nemocnych trpicich chronickymi bolestmi. Bolest predstavuje vyznamny vnitini Sum, a proto jeji potlaceni
témét automaticky vede ke zlepSené pozornosti.

]. Lévesque et al. (2005) pouzili BF u 20 déti se syndromem ADHD. Klinicky experiment byl doprovazen
kontrolni fMR a Stroopovym psychologickym testem. Vysledky byly nadéjné, rychlost spravné odpovédi se po
BF zrychlila. Ukazalo se, Ze BF ma schopnost zlepsit funkce nékterych mozkovych struktur, kupft. zvysit
metabolismus horniho temenniho malého laloku vlevo (Brodmannova area 5 a ¢aste¢né 7) a predni €asti jiz
vySe jmenovaného GC. BF byl tedy ucinny v mistech, kde se vytvari selektivni pozornost.

Mysleni a rec.

U kazdého clovéka je geneticky a elementarni predskolni vychovou dan nevédomy a automaticky proces
mysSleni (mentace, noesis), jeho produktem je mySlenka (idea, noema). I analfabeticky jedinec ma mySleni
spojeno s verbalnim procesem, tj. schopnosti rozumét a vytvaret slova. MysSleni miZeme délit podle riznych
kriterii, kupt. podle predstav, které ho doprovazeji, se mize jednat o mysleni motorické, imaginativni a
propozicionalni. Motorické mysleni je vyplodem konkrétnich predstav o okoli, o naSem vlastnim pohybu a
chovani, o reaktivité, jeho produktem je pohyb nebo alespoi piredstava pohybu. Neurofysiologickym zakladem
mysleni je TKRS.

Imaginativni mysleni je zfejmé doprovazeno sensorickymi, predevsim visudlnimi predstavami, velmi
jasnymi u malifi, u hudebnikl, hlavné kompositori zrejmé akustickymi. Oboji typ mysSleni, motorické a
imaginativni, se realizuje kuptikladu vyrazné v paradoxnim spanku, coZ svéd¢i o symbolicko- atavistickém a
reaktivnim zpisobu mysleni v tomto druhu spanku se snénim.

svv/

ucenim, paméti, podminénymi reflexy a s dynamickymi stereotypy. Experimenty dokazuji, Ze tisp€sSné uceni u
zvirat je nasledovano zvySenim paradoxniho ¢ili REM spanku. A naopak vime, Ze apriorni porucha REM spanku
vede k poruse uceni. Néco podobného nastava samoziejmeé i u lidi, jen s tim rozdilem, Ze zatéz ucenim musi byt
nejen racionalni, ale i emociondlni, vice soustredéna na prestiz a ,ego“. Augmentace REMu je u lidi také zavisla
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na typu osobnosti, je totiZ vyraznéjsi a konstantnéjsi u supresord nez u sensitorid podle Eysenckovy skaly
neuroticismu (Cohen 1975).

Propozicionalni mysleni je jiz abstraktnéjsi proces, ktery probiha v obecnéjSich piedstavach, vlastné jiz
v pojmech, je verbdlné a pojmové abstraktni. Je tedy podstatné vyvojové, fylogeneticky i ontogeneticky
progresivnéjsi, zirejmeé je typické jen pro lidskou mentaci. Toto mysleni je také efektnéjsi a rychlejsi nez mysleni
vécné, které je zavislé na podminénych reflexech a konkrétnich udalostech jako je tomu u déti asi do tii let véku,
u oligofrenikili a experimentalnich zvirat.

Mysleni motorické a imaginativni probihd méné védomeé, vice automaticky a je zfejmé dominantni pri
EEG BF tréninku. A naopak propozicionalni mysleni je proces vice uvédomovany, tj. voluntuarné konstruovany
a méné automaticky. Uvedenymi druhy mysleni vznikaji obecné predstavy, lze fici ,pojmy“ na své trovni, které
jsou vyvojové stuptiovany a dale hierarchicky uspoiadany od primitivnich détskych pojmt (kupft. “jablko,
spoluzak, potok“) po stale abstraktnéjsi (kupt. u stiedoSkolské mladeze pojmy jako ,domov, povinnost, hra,
laska“), jesté pozdéji pojmy ,zasada, primeér, valka“ aZ po vysoké abstrakce, které jsou nékdy i odborného
ptivodu jako ,pravda, vztah, koeficient, modus, funktor” apod.

Myslenim tedy vznikaji pojmy, které predstavuji svym zplisobem vice nebo méné ohrani¢enou mnozinu
urcitych abstrahovanych vlastnosti subjektii (Clovék, starosta, pan Horak), objektt (diim, Feka, mésto), stavi
(teplota, hustota), a déji (boure, jednani, schiize). Pojmy maji své nazvy, jména, od konkrétnich po abstraktni,
od specifickych po obecné, kupft. pes, Selma, savec, obratlovec, metazoon.

CORTEX
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Obr. 3. Zcela nahore je schéma tiech alfa vin, jejichZ amplituda stoupd (alfa 1 aZ 3, alfa ascendens = ALAS) a
¢drkované je patrna druhd polovina alfa vietene (alfa viny 4 aZ 6, alfa descendens = ALDE), kdy amplituda klesd.
Tak se chovd normdini vireteno alfa vin, je fusiformni (spindle like) a je produkovdno reverberaci stovkami miliard
vzruchii (impulsi) cirkulujicich mezi thalamem a kortexem béhem jedné vteriny, také mluvime o ndboru
(recruiting). Krivka je projevem aktivity TKRS rozkreslené v ¢ase. Dolni polovina obrazu ukazuje, jak se tento déj
odehrdvd v prostoru kortexu. Cisla napsand v podivnych lichobéZnicich jsou tytéz alfa viny jako zcela nahote, ale
zndzortuji ohraniceni neurondlni populace, kterd pozvolna nartstd (alfa viny 1aZ 3) a pozvolna klesd (alfa viny 4
az 6). Behem ALAS neurdlni populace enormné nartistd a je aktivovdno mnoho, i zcela nevhodnych neuronti.
Béhem ALDE klesd pocCet neuronti, protoZe se provddi jakdsi selekce a funkcéné nevhodné neurony jsou eliminovdny.
K tomuto vykladu byl pouZit matematicky model arteficidlni neurondlni sité podle A.G. Ivachnénka a Miillera
(1984), Snorka 2004) a ¢dstecné Berka a Tondl (1967. ( V pozadi malé tecky znamenaji neurony, jde o opticky
koniokortex, arey 17 a 18 se 6 vrstami, podle Sarkisova a Filimonova 1955).

Mentace a vyvoj feci Sly asi ruku vruce. Nékteré Brodmannovy arey (1906) jsou podobné aktivovany
béhem mentace i béhem feci. Vyvoj produkce fonémi s artritickou funkci receno Heverochovou (1913)
terminologii, bychom mohli lokalizovat do Brocova centra v areach 44 a 45. Z foném1 se sklada morfém, tj. jiz
celé slovo, kupt. matka, mother, la mére, die Mutter, mat, mater latinsky i Fecky. Podle Heverocha je slovo jiz
meristickou funkci. (Byl to profesor Pelikan, kdo vzkrisil Heverochovy myslenky). Tuto funkci lokalizujeme
do arei 45 a 46. Konecné mame v mozku funkce pro semém, coz je transkulturalni pojem, obecny symbol pro
verbalni pojmy, ktery jiZ nema slovni - verbalni - vyjadreni, ale vSem lidem mluvicim v riznych jazycich je
jasné, co znaci pojem ,matka, otec, lov, jablko," i obecné&jsi pojmy jako ,mirumilovnost, valka, chtivost, srovnani“
apod. Dle Heverocha mluvime o mnestické funkci. Jde tedy o prevod semému na morfém v areach 46 a 47
frontalniho laloku, tj. pfevod onoho transkulturalniho nonverbalniho symbolu na verbalni symbol, ktery je pak
vysloven jako slovo nebo napsan jako graficky znak (grafém).

Analyza slySeného fonému je vareach 41, 42, morfému 21, 22. Kone¢né na pomezi mezi parietdlnim a
temporalnim lalokem v areach 39 a 40 se | odehrava opacny proces, tj. prevod slySeného morfému nebo
vidéného grafému na semém.

Slova samoziejmé silné facilituji mysleni a mezilidskou komunikaci. AvSak lze myslet i v neverbalnich
symbolech, i kdyZ asi méné abstraktnich jako je kupt. posurikova fe¢ surdomutistickych osob. Existuje vSak i
vysoce sofistikované mysleni s vlastni neverbalni specifickou grafickou symbolikou jaka je v matematice ci
v hudbé.

Mentalni a verbalni podoba pojmu se vytvari v détstvi a posléze cely Zivot. Obé podoby v sebe prechazeji
a jsou-li dobte asociovany, vzajemné se dobte podporuji a posiluji. Z nalezli na PETu se ukazuje do jisté miry
potvrzeni Heverochovy hypotézy, kupt. centrdlni exekutni jednotka uloZend prefrontilné sjednocuje velmi
abstraktni visudlni (area 8) a auditivni (area 10-12) verbalni slozky pojmu. Frenologicka smycka se realisuje
ziejmé subkortikalnimi, asocia¢nimi, komisuralnimi (predevSim prefrontalnimi) vlaky a v TKRS i drahami mezi
nucleus ventraslis anterior thalami a prempotorickym kortexem.

Dal$i asociace je visuospacialni (tzv. visuospeciadlni schéma) mezi parietalnimi areami (5 a 7) a
temporalnimi areami ( areae 21 a 22). Nutno zdGraznit arey 39 a 40, které jsou na pomezi
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temporoparietookcpitalnim a pripominaji Hrbkovo (1968) logestetickoproprioceptivni centrum, kde se prevadi
vidéna a slySena slova na transkulturalni semém. Posledné jmenované centrum je ziejmé kontrapunktem
sémantické arey 47 v supraorbitalnim kortexu, ktera vytvari presny opak, tj. prevod sémému na pronasené
slovo.

Fraktaly a atraktory v EEG krivce.

Nikdo nepochybuje o slozitosti EEG kiivky. Vime, Ze je vni ,schovano“ mnoho dalSich neobjevenych
informaci. Casto jsme pfijemné ptrekvapeni zajimavymi vysledky po aplikaci nové analyzy EEG signalu.
Soucasné se presvédcujeme, Ze EEG krivka je nestabilni Cili quasistacionarni a nepravidelna ¢ili kvasiperiodicka,
coZ je dano nejen premirou harmonickych, ale i neharmonickych c¢ili ndhodnych proménnych (Faber et al.
1975).

Novéjsi obor matematiky o chaodynamickych jevech zjistuje, Ze slozité jevy, zdanlivé determinované,
obsahuji periody Sumu. Evoluce i ndhlé piihody v kosmu, v pozemské meteorologii i v naSem mozku jsou
vhodnymi priklady slozitych systému obsahujicich pravidelné i nepravidelné cykly, obcas piichazeji ,erupce,
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Obr. 4. Horni krivka ukazuje ,trajektorii“ odmoctiovdni Cisla 16. KaZdou rovnici si Ize predstavit jako systém,
proménné x jsou vstupy, y je vystup, a rovnice sama predstavuje operaci cili transformaci jako v kaZdém jiném
systému. Odmocnéni probihd podobné jako v pocitaci. Mdme nalézt odmocninu ¢isla 16. Odhadem vezmeme Cislo,
(asi polovinu z odmoctiovaného Cisla, tedy 8) , které povysime na druhou a zjistime, Ze je prilis velké (zde 64).
Proto vezmeme Cislo o jednu mensi (7), opét povysime na druhou (49), opét vezmeme Cislo o jednu mensi (6), na
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druhou povyseno je opét velké (36), atd. aZ najdeme sprdvné Cislo (4), které na druhou ddvd nase Cislo (16). Tak
jsme dospéli k cili, ke klidovému definitivnimu stavu, podobné jako kdyZ se zastavi kyvadlo, jde o bodovy atraktor.
Koneckoncti i zde probihaji procesy kontrakce a jde také o iteracni systém funkci.

Podobné postupujeme pii odmocnovani ¢isla 3. Trajektorie vSak zde nekonci, ale postupuje do
nekonecna, nebot odmocnina z ¢isla 3 (podobné jako zc¢isla 2, nebo samotné Ludolfovo Cislo 3, 145) je
irraciondlni, neperiodické a jen ,asymptoticky” se bliZi k néjakému cislo 1,73205... Zde je sobépodobnost dobte
patrna. Proces zde nikdy nekonci. Vypocet miize slouzit jako priklad , fraktalu®.

Francouzsky matematik a astronom Poincaré zjstil, Ze dvé blizka rizné hmotna kosmicka télesa obihaji

Vvew

kolem spolecneho tézisté v presne determmovanych drahach Tra]ektorll tohoto systemu bychom mohll nazvat
je nelze zcela presné definovat a miizeme tedy hovorit o fraktalové trajektorii. Stejné i v meteorologii lze mluV1t
o fraktalovém chovani ve dnech s béznymi vykyvy teploty, vlhkosti, tlaku atd., ale stabilni dny s vyrovnanymi
parametry lze oznacit jako atraktor. Tyto prirodni tUkazy jsou podstatné méné pravidelné nez vypocty
diferencialnich rovnic.

Bud'me konkrétnéjsi. Tvar mrakd, lokalisace kapilar v téle nebo obvod pobiezi lez povaZzovat za fraktaly.
Vlastnosti fraktali se opakuji v podobnych tvarech a to nezavisle na méritku, jsou obvykle slozité, ale hlavné
Vidy jiné a vidy podobné mluvime o sobépodobnosti 8] pf‘irodnich fraktélﬁ (mraky, EEG klv"ivky) je
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diferencialni rovnice by byly vypoctarky Velm1 narocné a vlastné i méné piesné.

Ve vySe uvedenych piikladech mluvime o Kolmogorovcé a Mandelbrotové (KM) dimensi, ktera je u
fraktalt vzdy vétsi nez Eukleidova topologicka dimense, je tedy neceloCiselna, kupt. vétsi nez 1, ale mensi nez 2.
Topologicka dimense bodi se stejnou vzdalenosti od stiedu je kruznice. Avsak kruznice vznikajici z Kochovy
kostky s opakujicimi se trojuhelniky a trojuhelnicky stale mensimi, ma obvod vzdy vétsi, jeho KM dimense je
opéti necelociselnd, nerovna se 1 jako u kazdé jiné ¢ary (primky, usecky) a ktivky, ale 1,26. Je tedy nabiledni, Ze
takova KM dimense pro definici EEG krivky by se nam hodila.

My se ji pokouSime vyjadiit mirou ,simplifikace“, (simplification rate), jinymi slovy ,stupném
synchronisace“ (synchronization grade). Na EEG kfivku aplikujeme amplitudovou analyzu (AA), kde seCteme
maxima positivnich a negativnich extrémt a porovname je s medidlnimi hodnotami. Délka procesu zde je ptl
vtefiny. Vysledky lze povaZovat za vyjadreni stability a pracovni aktivity EEG krivky, jakysi fraktal. Pro stav
mentace pri otevirenych ocich je to ¢islo (u konkrétniho epileptika A.F.A) 0, 35, pri zavienych ocich bez testu
0,9, béehem NONREM 2 je to ¢ilo 3 a kone¢né béhem petit mal absence 16. Posledni dvé ¢isla vyjadruji rezim
podobny atraktoru s urcitou stabilitou fysiologickou (NONREM) a patologickou (absence).

Viz nasledujici obraz cislo 5.
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Obr. 5. Priklady amplitudové analyzy EEG krivky pri riiznych stavech: oc. aperti - oteviené oci, oc. clausi -
zavrené oci, stiedné hluboky spdnek s pomalou theta aktivitou - NONREM 2, ep. paroxysmus — absence. Jsou patrné
zvetsujici se plochy maximdlnich hodnot v riiznych stavech (odleva doprava), které predstavbuji nejen riiznou
synchrponizaci a simplifikaci, ale také podstatny rozdil v pracovmnim reZimu thalamokrotikdIniho systému.

Klidnou vigilitu, relaxaci anebo spiSe ,prazdnou meditaci“ s ,pravidelnou alfa“ aktivitou v EEG lze oznacit
za atraktor. V EEG je periodicita, i kdyZz ne zcela pravidelna, kazdy vtefinovy usek kiivky miize obsahovat alfa,
ale vzdy jiného tvaru. Pouhym okem tyto rozdily nelze poznat, ale provedeme-li analyzy EEG spektra vidime, Ze
spektrogramy nejsou nikdy identické, mohou se vSak snepravidelnou periodou opakovat, jsou zasadné
pseudoperiodické a pseudoidentické. Ve stavech neklidu nebo v REM spanku jsou nestability v mozkové
Cinnosti velké, ale de norma nevyboci do patologickych forem jako je psychosa nebo epilepticky zachvat,
muzeme mluvit o fraktdlovém chovani. Zasadné vsak plati, Zze kazdy atraktor je fraktal, ale ne kazdy fraktal je
atraktor.

http://cdzjesenik.cz/journal/
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The Basic Forms of Learning and Thinking

prof. MUDr. J. Faber, DrSc. Prague, 2014

Any medical treatment should be combined with psychotherapy. Frequently, we provide it rather
unwittingly through our “good advice”. But it should be more systematic and targeted. During the session,
electroencephalographic biofeedback (EEG BF), or the use of feedback and EEG for anxiety, attention deficit
disorder, hyperactivity or epilepsy treatment, should be also accompanied by verbal contact of therapist and
patient.

This article will deal with the following categories: learning, memory, and thinking and speech. First topic
will deal with learning and memory because they are two sides of the same coin. These two complex concepts
are of fundamental importance. Despite all the efforts, these concepts are not fully explored. Therefore, some
views of this issue are will be introduced.

Learning and memory

Psychophysiology of memory can operate with the concepts internal and external mechanisms,
physiological and pathological forms. Thus there are four possible categories of learning and memory:

internal physiological, external physiological, internal pathological and external pathological.

Internal physiological mechanisms of memory subsist in thalamocortical reverberating system
(TCRS), septo-hippocampal system (SHS), which is basically the main part of limbic system (LS), and in the
activity of ponto cerebellar nuclei and pathways during REM sleep (see fig. 1). For these assertions a
number of experimental and clinical evidence is known, e.g. pre- and postnatal insufficiency of REM is often
associated with oligophrenia, dementia, or epilepsy. These mechanisms are genetically defined; not only people
but also all mammals have these mechanisms well developed since birth. Briefly, we are talking about the
developmental influence of nature.

External physiological mechanisms subsist in the dyadic relation with mother from birth, i.e. in the
“secure attachment” and also in upbringing and education that follows - briefly talking, in “cultural genesis”. It
is thus the external influence of family, community and school - the nurture.

Internal pathological mechanisms of learning and memory are inherent, e.g. Down’s syndrome, or
presenile and senile degenerative processes, e.g. Pick’s disease or Alzheimer’s dementia. These mechanisms
also include congenital degenerative diseases such as Wilson’s disease with following symptoms: epilepsy,
hyperkinesis, and dementia caused by copper accumulation based on lack of the protein carrier called
ceruloplasmine.

Very interesting is Moffit's research (2002) which establishes deficiency of X chromosome at some male
delinquents. This organelle defines not only gender, but also a number of enzymes, e.g. monoamine oxidase
inhibitors. Lack of these inhibitors can cause hyperdopaminergia that leads to increased aggressiveness.
Women have two X chromosomes, men have only one. The X chromosome at males is paired with relatively
small Y chromosome that defines male gender. Therefore, women have the possibility to compensate the first
imperfect X chromosome by the second X chromosome from the other parent. One of the X chromosomes is
most probably normal. Moffit found out that this genetic deficiency is not enough for criminal career. It is still
necessary to fully experience unfortunate youth with many psychotraumas; only then this latent anetic and
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aggressive psychopathic nature may manifest. Life is very complicated and fate probably depends on
interaction of many factors, natural and social (nature and nurture).

Very similar can be other deviations, such as ADHD syndrome, where approx. 40 genes are suspected
from causing the symptomatology of these disorders. The cofactors of non-genetic nature such as diseases of
mother during her pregnancy including eclamptic complications (diabetes, epileptiform paroxysms, dyspeptic
disorders with consequent deficiency of vitamins and proteins, drug addiction etc.), perinatal events (hypoxia,
high forceps, turbid amniotic fluid, long latency between rupture of amniotic fluid and delivery, strong neonatal
hepatitis), as well as any preschool events (high fever, somatic and psychological traumas, disharmonious
family etc.) are also present.

At the well-treated epilepsy, psychological disorders almost do not appear. But if the epileptic focus (EF)
is present in LS, medicinal semi-persistent syndrome that on one side resembles “neurosis” (paroxysmal
anxiety, panic attacks, derealisation, insomnia) and on the other side resembles “psychosis” (delusional
apperception, autistic behavior, optical pseudo delusions, synesthesia) may develop. Also, as seen in epileptosis
(Faber 2003), simplex and complex partial seizures may happen.

External pathological learning and other external influences. Independent (i.e. isolated, without
other influences) “pathological learning” is actually “encephaloprogramopathy” given by abnormal upbringing
during the period of attachment, i.e. “insecure resistant attachment,” or “insecure avoidance attachment”
(Bowlby 1995, Faber a Pilarova 2001). Environment with iodine deficiency causes cretinism; environment with
the excess of fluoride causes decreased intelligence. It can also be postlesional psycho-syndrome, e.g.
posttraumatic, postencephalitic, post intoxication (carbon monoxide, lead, mercury, chronic ethylism
/Korsakoff syndrome or Wernicke’s encephalopathy/, addictive drugs etc.).

http://cdzjesenik.cz/journal/
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Fig. 1 Longitudinal sagittal cross-section of the brain.

The structures are described from right lower part up: medulla oblongata (25), which contains the centers of
breath management, blood pressure and heart rate; NR = raphe nuclei (18), which are non-specific humoroergic
centers with long fibers (14). These centers release transmitter at their synaptic terminals, in this case serotonin
that regulates synchronous sleep (NONREM) and good mood. Downwards, oblongata extends from cranium (skull)
through the foramen magnum and continues as the dorsal spinal cord (medulla spinalis).

Upwards, oblongata continues to pons Varolii (24) where the centers for paradoxical sleep (REM)
regulation, e.g. noradrenergic locus caeruleus (LC) (17) and acetylcholine centers, nucleus pedunculopontinus and
nucleus laterodorsalis, are located. From these centers (13) long fibers go to different levels of the brain, cortex (1)
including.

Massive fibers lead from the pons to the cerebellum (22). These massive fibers come from vestibular
apparatus, spinal cord and cortex and are important for balance, gross and fine movements and probably for
mentation. During stimulation of cerebellum the epileptic activity and psychotic symptoms are suppressed.
These diseases have atrophy of the cerebellum.

Upwards, the pons Varolii extends to mesencephalon (23), or the midbrain where the reticular formation
(16) is located. Using long and furcated fibers (12) the reticular formation influences our vigilance. It is also
called the ascending reticular activating system (ARAS). Coliculi rostrales (32) are the main subcortical optical
centers. Coliculi distales (33) are very similar acoustic centers.
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Mesencephalon passes into hypothalamus (in the picture on the left) (20) which is the highest
neurovegetative-hormonal center. From mesencephalon the fibers go to hypophysis (21) where the control
hormones for endocrine glands, such as AHR (adrenocorticotropic hormone releasing), are released into the
bloodstream. The hormones go through blood vessels from hypothalamus to the anterior hypophysis where
they cause the ACTH (adrenocorticotropic hormone) secretion. ACTH is then released into the blood where it
causes adrenaline and corticosteroid secretion (approx. after 10 minutes). Adrenaline is released from the
adrenal medulla and corticosteroids are released from adrenal cortex. This is the main stress pathway by which
the body responds to various kinds of stresses, either somatic (pain, hunger, cold, heat, fever, lack of sleep) or
psychic (agitation, anger, externally caused sadness etc.). Hanel (1999, according to Holmes and Rahe, 1967)
shows the stress range in percentage: death of life partner (100%), divorce (73), illness or injury (53), marriage
(50), pregnancy (40), social problems (39), a new family member (39), financial problems (38), change in living
conditions (25), problems at work (23), changes in working time (20), moving (20), sleep disorders (16),
holiday (13), Christmas (12).

On the base of the temporal lobe archicortex, i.e. hippocampus (10) with three layers of neurons is
located. In hippocampus memory register, emotional center, and motivational impulses are placed. At the end
of hippocampus lies amygdala (11) which is also a center of emotions, sometimes called the “fear center”.
Upwards lies thalamus (8, rhythm donor for neocortex) where all sensory pathways converge and from where
myriads of fibers (5, 6) go to neocortex (1, has six layers of neurons and occupies 90% of all cortex). Neocortex
is the center of concrete and abstract thinking, perception, vigilance, consciousness, speech etc. Striatum (26,
ST) and pallidum (30) belong to the basal ganglia with motor and memory functions. Corpus callosum (4)
consists of about 500 million fibers that connect left and right hemisphere. Women have more of these fibers.
Cingulate gyrus (3) belongs to the neocortex but functionally it is closer to the limbic system. The eye (7) sends
millions of fibers to the thalamus. Septal nuclei (9) are the rhythm donors for hippocampus.

The letters represent the cybernetic analogy with a “chip”: IB = instruction buses, a set of program-
bearing fibers, i.e. the instructions how to process the data; DB = data buses, i.e. the fibers conveying specific
information from the senses (DB); AB = address buses, i.e. the fibers conveying the data to the next addresses
where they are further processed.

A dynamic view of teaching monitors this process in temporal aspect. It is an immediate (IM), short-
term (SM) and long-term memory (LM).

During the vigilance, information through our senses (eyes, ears, touch, smell, taste) are being received
and then converted into neuronal signals - impulses. These impulses travel by hundred billions through the
whole brain. They are to some extent synchronized, i.e. gathered into groups; that is also the reason why they
can be easily observed as waves using electroencephalograph (EEG).

Activation of peripheral sense, e.g. eye, ear, where the light (wave motion of electromagnetic field) and
sound (acoustic wave motion of physical environment) is transformed into the sequence of neuronal impulses
(of electrochemical essence) in nerve cells. NEN{ CELA VETA. It is action in an interface that takes place in two
different environments, i.e. in the outer world and inner world of the living organism. It is about the speed and
accuracy of portrayal of the outer world into the internal structures. It is, however, rather inaccurate, or
“fuzzyficated”. External stimulus creates a sequence of impulses called SNI (sequence of neuronal impulses)
where the “images” of the outer world are encoded. From the psychological point of view it is called perception.

http://cdzjesenik.cz/journal/
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The impulses go from the senses to the thalamus. The impulses are circulating between the thalamus and
cortex rather a longer time; that is why we talk about reverberating thalamocortical system (RTCS). Taking it
logically, this circulation is an interaction that causes more accurate perception, “deffuzyfication”, and
identification of the perceived - cognition. Circulation of the impulses in RTCS is not only the foundation of
immediate memory (IM), but also the mechanism of consciousness: awareness of oneself and one's
environment, awareness of being aware of one’s existence and one’s psychic processes. Professor Vondracek
(1959, 1995) was calling the last term “ultrasensibility.” It can be a foundation of second-signal system (Pavlov,
1925). It is the first step towards creation of psychological self (Ego) and noogenesis.

RTCS produces not only regular, but also random variables, i.e. on the one side, it is very difficult to
control such a system with hundred billion neutrons, but on the other side, this system provides many degrees
of freedom with the possibility to suppress the functional fixation, to violate the established dynamic
stereotype, or to realize a logical leap. This kind of system can produce psychosis or epilepsy, but it can also
produce genius. In his anamneses of psychotics, Vondracek (1959) describes more frequent occurrence of
exceptionally intelligent people. Seneca quotes Plato: “In vain does one knock at the gates of poetry with a sane
mind,” or Aristotle: “No great mind has ever existed without a touch of madness.”

During IM a temporary memory traces, most probably in the form of local depolarization of neuronal
membrane that leads to the opening of calcium channels and to the intracellular influx of calcium, must be
created. Here the phase of impulse circulation ends and a temporary fixation of memory trace occurs - in
other words, the immediate memory (IM) crossed to the short-term memory (SM). The described
processes are completely unconscious.

The hypothetical enzymes activated by calcium are the main stimulant of so called transcriptors, e.g.
CREB. It can find a suitable “locus” in the nuclear DNA of neuron, copy a part of DNA and splice the copy in the
form of messenger RNA (mRNA). This is the process of transcription. Using the mRNA, a special protein in the
cellular polysomes is formed (e.g. synapses strengthening protein, SSP). This process is called translation. SSP
strengthens those neuronal membrane places that are strongly depolarized due to the received intensive
impulses. A certain spot on the neuron whose irritation is suitable to “remember” is thus fixated (Hall 2003,
Fields 2005). Other substances may be involved in the process, e.g. protein S-100, or according to Hydén (1974)
“memory” proteins that compared to normal proteins have predominance of certain amino acids, e.g. glutamine.
Ampakines should be memory enhances. These processes change the short-term memory (SM) into long-term
memory (LM). This mechanism of memory traces fixation in neurons is probably very complex and requires a
longer time period for its realization. Therefore the mammalian brain uses a period of relative calmness, i.e.
sleep. Battaglia et al. (2005) shows a certain arrangement of impulses (SNI) during rat’s movement in the maze
and its relatively accurate repeating during sleep stages.

Experimental animals and people have increased NONREM amount after a physical load; after a psychical
and emotional tests the REM sleep is increased. Different sleep stages are very important for endocrine system.
Due to capillary fenestration in plexus chorioides, eminentia mediana hypothalami, area postrema in oblongata,
and in epiphysis, the high molecular weight substances such as proteins or hormones can get directly from
bloodstream to cerebrospinal fluid, brain tissue, and can also travel the opposite direction. This is very
important for clinical information: sleepy child that experiences domestic quarrels does not have well-
regulated brain not by sleep nor hormones. Prosser et al. (1997) finds increased plasma levels of GABA at 115
children with psychiatric and behavioral disorder and with ADHD. Presumably, at these syndromes it is not
neuronal but humoral dysregulation. We found frequent perinatal asphyxias, genetic load, higher levels of lead
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and lithium, immune disorders, and lower levels of hemoglobin at 30 ADHD children (Faber 2003, Faber et al.
2001, 2002).

Centers in the brainstem regulate vigilance, sleep, and affect the secretion of hypothalamus and
hypophysis hormones. These hormones (e.g. prolactin, somatotropic hormone, testosterone etc. secreted
mainly during sleep) have a protective effect on brain; at the same time they improve learning and by improved
protein synthesis they also enhance long-term memory (LM). Frequent use of certain operations further
improves memory; also the neurons form new synapses and so-called spines (i.e. a small membranous
protrusion from a neuron’s dendrite where several synapses are connected). Thus, memory traces in neural
tissue become “petrified” and software becomes anatomical structure - a hardware.

Fig. 2 (1, 11, lll. = neurons; 1 = dentrites; 2 = neuron soma; 3 = axon hillock generates an impulse that travels
along neurite 4 to other neuron IIl; 5 = collateral branching of neurites; 6 = synapse)

Some places in neuron receive in synapses larger number of impulses than other. These places are then
depolarized and can cause various metabolic reactions: reaction A (Kandel and Schwartz 1985), reaction B (Hall
2003, Fields 2005).

Reaction A: drops of neurotransmitter (e.g. acetylcholine, dopamine (7) activate G-protein (9) in
postsynaptic density (8); G- protein then activates cyclic adenosine monophosphatase (cAMP, 10) which
changes ATP (11) to cyclic adenosine monophosphate (12) that activates protein kinase (13). Regulatory
subunit of protein kinase enters the nucleus of the neuron and causes transcription (14). mRNA (16) produced
by this process travels from the nucleus and binds with a series of ribosomes (19, polysomes). The translation

http://cdzjesenik.cz/journal/
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that follows leads to protein synthesis. Protein (20) obtained from the protein synthesis usually serves as a
catalyst, which is then a co-producer of another transmitter or becomes a microstructure of neuron.

Reaction B is as follows: in the synapse neurotransmitter (e.g. glutamate (7)) transmits a stimulating
signal in the form of impulse which than travels from one neuron to another. It causes postsynaptic (8) local
depolarization, opening of the calcium ion channels, and production of hypothetic signal molecule (HSM, 21)
which activates “synapse-nucleus axis.” Nucleolus (18) also contains RNA. Repeated stimulation and HSM
activate CREB protein (17) in the nucleus of the neuron. CREB is a transcription factor, which means that it
causes transcription. During transcription, genetic information from DNA (15) is copied to messenger RNA
(mRNA). This process is very similar to reaction A. Copy of DNA, i.e. mRNA travels from the nucleus and binds
(spojit se) with polysomes (19) and then due to translation protein synthesis occurs. A new synapse-
strengthening protein (SSP, 20, 21) is created. SSP strengthens specifically activated postsynaptic receptors
(e.g. glutamate) and thus in the long term increases their susceptibility. In these places are so called increasing
memory ampakines effective. That is the way long-term memory is realized in neuron. Different mechanisms of
memory traces can be imagined, e.g. post-stimulating activation of fos-like substance (Merchant-Nancy et al.
1992) or ultrafast folding protein. Therefore, cognition improvement occurs after medication such as
phenserine, donepezil, rivastigmine (used in treating Alzheimer’s disease), modafinil (used in treating
nacolepsy), or methylphenidate (used in treating ADHD syndrome).

At last, traditional static view of the psychology of memory and learning will be mentioned.
Declarative (explicit) and non-declarative (implicit) memory are being distinguished. Declarative memory is
further divided into episodic memory (we remember what happened and how it happened, e.g. events on
Christmas Day, school trip, theatrical performance etc.), and semantic memory (we also keep in mind bare
facts without remembering where and how we learned them, e.g. data from history classes, geographical,
language, or musical knowledge, mathematical or chemical formulas). Anatomic center of these memory
engrams is in particular in hippocampus, which is very interesting because the center of emotions and
motivation impulses is identical. However, memory is also influenced by a part of hypothalamus, e.g. corpora
mammilaria, fornix, septal nuclei and a part of ARAS. It is a general experience that during learning, interesting
topics are easier to remember than wearisome topics. However, weariness or dullness of a topic is very
subjective experience.

Non-declarative memory is further divided into skill (cycling, swimming, craft skills), word completion
(which is usually tested by sequence of words that shall be remembered and then retested by completing parts
of words to whole words). This type memory is further divided into non-associative learning (sensitization;
originally irrelevant stimulus becomes after repeated exposure tedious, unpleasant), desensitization (originally
important stimulus, e.g. sound of the horn, becomes after repeated exposure unimportant if it is not
accompanied by a relevant event), habituation — which resembles desensitization (with the only difference that
the original stimulus was never important), and finally dishabituation - which resembles sensitization (with the
only difference that original habituated stimulus becomes important because it begins to accompany an
important event, e.g. rat starts to be alarmed again at the soud of horn because this already habituated stimulus
begins to be accompanied de novo by electric shock to the deck of the cage).

Another type of non-declarative memory is associative learning: classical (Pavlov) and operant
conditioning. Anatomical structures of the non-declarative memory should be located in cerebellum and in
basal ganglia (Atkinson et al. 1995, Bouchal a Koneény 1966, Ri¢an 1972).
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According to Pavlov, non-declarative associative learning is according to classical conceptions based
on two external stimuli and their constant temporal distance and dependence: the first one is “warning”
conditioned stimulus (e.g. light, touch, and sound; CS), the second is “imperative” unconditioned stimulus (e.g.
serving of a food, painful stimulus; US). After the conditioned reflex is developed, by repeating of both stimuli
CS even without US can induce a reflexive response (e.g salivation after light application). It is an answer
obtained by learning, i.e. by temporary dynamic connection. If this connection is biologically pointless in the
future, i.e. if there is no serving of food after the light is switched on, this reflex will become extinct. In other
words, without occasional strengthening, i.e. linking of both stimuli (CS and US), conditioned response can
extinguish.

Non-declarative associative operant conditioning (Sterman and Friar 1972) is based on one internal
and one external stimulus; in addition, this type of conditioning is inverse, or rather reverse (Dostalek 1976),
i.e. the internal unconditioned stimulus (e.g. SMR spindle in EEG) appears as first and the following conditioned
stimulus (e.g. reward) as second. At the beginning of learning, EEG BF is based on random presence of the
desired EEG graphoelemente (GE), e.g. sensory motor rhythm (SMR).

TCRS still produce all rhythms from 1 to 30 Hz; it is only a matter of time when the SMR comes (with the
frequency of 14 to 18 Hz). If the desirable GE (graphoelementes) appear, there is a reward, which the brain,
especially the limbic system, “likes” and “wants” to repeat this situation again. This is the most extraordinary
phenomenon in EEG history: a will is transmuted into EEG change. During a series of treatment sessions, this
situation (fixation of EEG GE with a reward) increasingly repeats. The desired EEG GE are becoming more
frequent; therefore, their features are more enforced, in this case (EEG GE= SMR) the motor inhibition (the child
is in better control of him/herself) and improved attention focusing (the child concentrates better) (Howard et
al. 1982, Faber et al. 2002). EEG BF, EMG bio-feedback, strengthening of anal or urinal (voiding) sphincters etc.
also belongs to operant conditioning.

Any device that can sensitively measure electrical, metabolic, or oxidative changes can be used for BF.
Even the NIRS (Near Infrared Spectrograph) that monitors the levels of oxy- and deoxyhemolobin in the cortex,
was used for feedback several times. It was proved, that although the measured latency of the changes in brain
is higher than in EEG, this device is also suitable for BF treatment.

R. Christopher deCharms et al. (2005) used very fast new fMRI device that worked in real time (real time
functional Magnetic Resonance Imaging - rtfMRI). Higher speed allowed the proband to react quickly enough to
every new situation. The authors found out that during this training the ability to control hyperactivity in the
rostral (anterior) portion of gyrus cinguli (GC) is improved, and thus the ability to suppress pain and improve
attention is also improved.

The evidence from isotopic studies (PET) showed that GC is also the place where physical and mental
pain is felt (Posner and Raichle 1994). An increased activity in GC was found in depressed patients. Volunteers
either experienced pain that was caused by burning (using hot objects), or they were “tested” using
standardized psychological tests; at the same time, increased activity in the GC was found. This means that the
mental anguish and physical pain has a lot in common and if it lasts for a longer period, it becomes unbearable
and very stressful. These clinical observations were performed also in patients suffering from chronic pain. Pain
is a significant internal noise; therefore, a suppression of pain leads to improved attention almost automatically.

J. Lévesque et al. (2005) used BF in 20 children with ADHD syndrome. The clinical experiment was
accompanied by fMRI and Stroop psychological test. The results were promising: after the use of BF, the speed
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of correct answers was increased. It turned out that BF has the ability to improve the functions of certain brain
structures, e.g. it increases metabolism of the upper left parietal lobe (Brodmann area 5 and partially area 7)
and the frontal part of the aforesaid GC. BF was thus effective in places where selective attention is formed.

Thinking and speech

In every person there is an unconscious and automatic process of thinking (mentation, noesis). This
process is given genetically and by elementary pre-school education. Its product is a thought (idea, noema).
Even analphabetic individual associated thinking with a verbal process, i.e. the ability to understand and create
words. Thinking can be divided according to various criteria; e.g. according to the ideas/imaginations by which
thinking is accompanied, it can be divided into motor, imaginative, and propositional thinking. Motor
thinking is a product of specific ideas about our surroundings, movement and behavior, reactivity. Its product is
a movement or at least an idea of movement. The neurophysiological basis of thinking is TCRS.

Imaginative thinking is probably accompanied by sensory, especially visual ideas that are very clear in
artists (painters); in musicians and composers are these ideas probably acoustic. Both types of thinking (motor
and imaginative) are strongly carried out e.g. during paradoxical sleep. This shows that during this kind of sleep
that includes dreaming also symbolic-atavistic and reactive way of thinking takes place.

Primitive concrete thinking during vigilance and dreaming takes also place at its lower lever in animals. It
is associated with learning, memory, conditioned reflexes, and dynamic stereotypes. Experiments prove that
successful learning in animals is followed by an increase in paradoxical or REM sleep. On the contrary, it is
known that prior REM sleep disorder leads to a learning disruption. Something similar naturally occurs in
people, with the only difference that learning load should be not only rational, but also emotional, focused more
on prestige and “ego”. REM augmentation in people is also dependent on the personality type; according to
Eysenck neuroticism scale (Cohen 1957), the REM augmentation is more significant and more constant in
suppressors than in sensitives.

Propositional thinking is already more abstract process that takes place in more general ideas, in fact in
terms; it is verbally and conceptually abstract. Therefore, it is developmentally, phylogenetically and
ontogenetically more progressive. Presumably, propositional thinking is typical only for human mentation. It is
also more effective and faster than factual thinking which is dependent on conditioned reflexes and specific
events as it is in children under three years, in people with oligophrenia and in experimental animals.

Motor and imaginative thinking is less conscious, more automatic and it probably dominant during EEG
BF training. On the contrary, propositional thinking is a more realized process, i.e. voluntarily constructed and
less automatic. The aforesaid types of thinking are responsible for the formation of general ideas, or “terms” at
specific levels that further developmentally escalate and are further hierarchically organized from primitive
children terms (e.g. “apple, classmate, brook”) to more abstract term (e.g. terms like “homeland, duty, game, or
love” in high school students), or later, to terms such as “principle, average, war,” or to high abstractions such as
“truth, relationship, coefficient, modus, functor etc.” that sometimes originate from technical terminology.

Thinking thus forms terms that in a way represent more or less limited set of certain abstracted
attributes of subjects (person, the mayor, Mr. Horak), objects (house, river, city), states (temperature, density),
and events (storm, meeting). Terms have their names: from concrete to abstract, form specific to general, e.g.
dog, beast, mammal, vertebrate, metazoon.
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Fig. 3 At the very top, there is a diagram of three alpha waves whose amplitude increases (alpha 1 to alpha
3; alpha ascendens = ALAS); the second half of alpha spindle - the dashed line (alpha waves 4 to 6, alpha
descendens = ALDE) illustrates the amplitude decrease. This is the behavior of standard alpha wave spindle: it is
fusiform (spindle like) and it is produced by a reverberation of hundred billons impulses circulating between
thalamus and cortex in a single second. It is also called “recruiting”. The curve is a manifestation of TCRS activity
which is drawn in time. The lower half of the picture illustrates how the process takes place in cortex area. The
numbers written in strange trapeziums are the same alpha waves as the waves at the very top of the picture with
the only difference that they illustrate the neuronal population borderlines. This population slowly increases
(alpha waves 1 to 3) and slowly decreases (alpha waves 4 to 6). During ALAS, the neuronal population is growing
enormously and a number of neurons, even those that are unsuitable, is activated. During ALDE, the number of
neurons decreases because a form of selection takes place; during this selection the functionally unsuitable neurons
are eliminated. A mathematical model of artificial neuronal network according to A. G. Ivachnénk and Miiller
(1984), Snork (2004), and partially Berk and Tondl (1967) was used for this interpretation. (The little dots in the
background represent neurons; it is an optic coniocortex of areas 17 and 18 with 6 layers according to Sarkisov
and Filimonov 1955.)

Mentation and the development of speech probably went hand-in-hand. Some of Brodmann Areas (1906)
are activated likewise during mentation and speech. The development of production of phonemes with
arthritic function according to Heveroch (1913) could be localized to Broca’s center in the areas 44 and 45.
The phonemes are combined to form morphemes, i.e. the whole words such as mother, die Mutter, la mére,
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matka, mat, mater both in Latin and Greek. According to Heveroch, the word is already a meristic function. (It
was Professor Pelikan, who revived Heveroch’s ideas.) This function is localized to areas 45 and 46. At last,
there is a function in brain for sememe which is a transcultural term, a general symbol for verbal terms.
Sememe cannot be verbally expressed, but all people, even though speaking different language, know what the
terms “mother, father, hunting, apple” or even more general terms such as “peacefulness, war, greed,
comparison” mean. According to Heveroch it is called mnestic function. It is therefore a sememe to morpheme
conversion that takes place in frontal lobe areas 46 and 47, i.e. conversion of the transcultural nonverbal
symbol to verbal symbol that is then enunciated as a word or written as a graphic symbol (grapheme).

Analysis of the heard phoneme takes place in areas 41 and 42, analysis of the heard morpheme in areas
21 and 22. At last, a reverse process, i.e. a conversion of the heard morpheme or seen grapheme to sememe,
takes place on the border between parietal and temporal lobe in areas 39 and 40.

Words naturally strongly facilitate the thinking and the interpersonal communication. However, thinking
in non-verbal symbols is also possible, even though these symbols are probably less abstract, e.g. sign language
of surdomutism people. Nevertheless, a highly sophisticated thinking with its own nonverbal specific graphic
symbols also exists, e.g. in mathematics or music.

Mental and verbal form of a term is created in childhood and later on during whole life. If well-associated,
both forms merge into one another and support and strengthen each other. PET findings to some extent
confirm the Heveroch hypothesis, e.g. the central executive unit that lies in prefrontal area unifies the very
abstract visual (area 8) and auditory (area 10 to 12) verbal components of a term. Phrenology loop is probably
realized by subcortical, associative, commissural (especially prefrontal) fibers and in TCRS by pathways
between the nucleus ventralis anterior thalami and premotor cortex.

The next association between the parietal (5 and 7) and temporal areas (21 and 22) is visuospatial (so
called visuospatial scheme). It must be emphasized that areas 39 and 40 that lie on the temporo-parieto-
occipital border resemble Hrbka’'s (1968) logaesthetic proprioceptive analyzer where the seen and heard
words are converted into transcultural sememe. The latter center is probably the counterpoint of semantic area
47 that lies in supraorbital cortex and where the exact opposite is created, i.e. the sememe is converted to a
spoken word.

Fractals and attractors in the EEG curve

No one doubts the complexity of the EEG curve. It is known that the curve “hides” many undiscovered
information. We are often pleasantly surprised by the interesting results that the application of new EEG signal
analysis brings. At the same time, the EEG curve is quite unstable, or quasistationary, and irregular, or
quasiperiodic which is due to the excess of not only harmonic, but also inharmonic, or random variables (Faber
etal. 1975).

A newer branch of mathematics that deals with chaodynamic events discovers that seemingly
determinate complex events contain periods of noise. Evolution and sudden events in the universe,
meteorology, and in our brain are good examples of complex systems that contain both regular and irregular
cycles, occasional occurrence of “eruptions, storms, ideas, or seizures”. The system behavior can be expressed
graphically by trajectories. There are four primitive examples of the attractor or fractal behavior on the picture
below.
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Fig. 4. The upper curve represents the “trajectory” of square root extraction of number 16. Each equation can
be imagined as a system; x variables are the inputs, y is the output, the equation itself represents the operation or
transformation as in any other system. Square root extraction is similar to a computer square root extraction. We
should find a square root of number 16. By estimation we take a number, (about a half from our number, which is
8) which we square and we find out, that the resulting number is too high (here, 64). Therefore, from 8 we take
away one (7) and square it again (49), then we take away one again (6) and square it (36) etc. until we find the
right number (4) which squared gives our number (16). That way we reached the goal, the definitive quiescent
state similar to a state when the pendulum stops. It is a point attractor. After all, even here the processes of
contractions take place and it is also an iterated function system.

When doing the square root extraction of number 3, the proceeding is very similar. However, the
trajectory does not end here. It approaches infinity because the square root extraction of number 3 (and
analogously the square root extraction of number 2 or the Ludolph’s number itself, 3.1415) is irrational, non-
periodical; it approaches a certain number only “asymptotically” (1.73205...). Here the self-similarity is very
apparent. In this case, the process never ends. The calculation can be an example of “fractal”.

The French mathematician and astronomer Poincaré found that two close celestial bodies with a different
in mass orbit the same center of gravity in exactly determined paths. The trajectory of this system could be
called attractor trajectory with a cyclic course. However, the mutual gravitational relationships of three
associated bodies are so complex that they can not be precisely defined; we can talk about fractal trajectory.
Similarly in meteorology, the days with normal temperature, humidity, and pressure fluctuation can be
described as of fractal behavior, but stable days with balanced parameters can be described as attractors. These
natural phenomena are less regular than the differential equations calculations.

http://cdzjesenik.cz/journal/
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Let’s be more specific. The shape of clouds, the capillary localization in the body, or the perimeter of the
sea coast can be considered fractals. Properties of the fractals are repeated in similar shapes regardless of the
scale; the properties are usually complex, but mostly, they are always different and always similar. This is the
self-similarity. The self-similarity in natural fractals (clouds, EEG curves) is less pronounced and less complex.
They can be expressed using simple logarithmic equations. The classical differential equations would be very
difficult to calculate and actually, they would be less accurate.

In the examples listed above we talk about Kolmogorov and Mandelbrot (KM) dimension which is always
greater in fractals than the Euclid topological dimension; therefore, it is non-integral (e.g. grater than 1 but less
than 2). The topological dimension of points with the same distance from the center is the circle. Nevertheless,
the circle emerging from Koch dice with the recurring triangles that get smaller and smaller has always greater
perimeter. Its KM dimension is non-integral again; it does not equal to 1 as in every other line (bisector,
abscissa) and curve, but it equals 1.26. It is therefore obvious that this KM dimension could be used for an EEG
curve definition.

We are trying to express the EEG curve by the simplification rate, or in other words by synchronization
grade. The amplitude analysis (AA) is applied to the EEG curve: the maxims of positive and negative extremes
are added up and then they are compared to medians. Here, the length of the process is half a second. The
results can be considered as the formulation of stability and work activity of the EEG curve, thus a fractal in a
way. For the state of mentation with open eyes, the number is 0.35 (in a specific epileptic A.F.A.); for the state of
mentation with the eyes closed is the number 0.9 without a test; during NONREM 2, the number is 3 and finally,
during absence of petit mal, the number is 16. The last two numbers represent a regime that is similar to
attractor, with a certain physiological (NONREM) and pathological (absence) stability.

See the following figure 5.
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Fig. 5. Examples of amplitude analysis of the EEG curve during different states: oc. aperti - open eyes; oc.
clausi - closed eyes; moderately deep sleep with a slow theta activity - NONREM 2; ep. paroxysmus - absence. Very
apparent are the growing areas of maxims during different states (from left to right) that represent not only
different synchronization and simplification, but also substantial difference in the work mode of thalamocortical
system.

The peaceful vigilance, relaxing, or rather “empty meditation” with a “regular alpha” activity in the EEG
can be described as attractor. The EEG has periodicity, even though not very regular. Every second-segment of
the curve can contain alpha, but this alpha has always different shape. These differenced cannot be recognized
by the naked eye; but if the EEG spectrum analysis is done, we can see that the spectrograms are never
identical, but may be repeated with an irregular period - they are fundamentally pseudo-periodical and
pseudo-identical. In the states of restlessness or during REM sleep, the instabilities in the brain activity are
quite great; but if they do not deviate into pathological forms such as psychosis or epileptic seizure, they can be
described as fractal behavior. However, it is fundamental that every attractor is fractal but not every fractal is
an attractor.
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THE EFFECTS OF HEART RATE VARIABILITY
TRAINING ON SENSORIMOTOR RHYTHM: A
PILOT STUDY

Andrea Reid', Stephanie IMihon?, Lynda Thompson®, Michael Thompson®

1ADD Centre, Mississauga, Ontario, Canada
2ADD Centre Sport Focus, Mississauga, Ontario, Canada

Heart rate variability (HRV) training and EEG Biofeedback are techniques used to improve neurological
disorders in both clinical and optimal performance populations. HRV training uses combined respiration and
heart rate biofeedback to achieve synchrony between the changes in breathing and heart rate. This specific
signature of synchronization of breathing and heart rate changes appears to correlate with a relaxed state and
cognitive clarity. HRV may provide a promising index for both physical and emotional stress. Improvements in
mental processing (Thayer, Hansen, Saus-Rose, & Johnson, 2009) and emotional stability (Applehans&Lueken,
2006) have been demonstrated as a result of HRV training. A similar mental state is the target of EEG
biofeedback training when parameters are set to increase sensorimotor rhythm (SMR). SMR is usually trained
using the frequency band 12-15 Hz. These frequencies are called SMR only when they are produced across the
sensorimotor strip (C3, Cz, C4). In other locations, 12-15 Hz is simply called beta. SMR production has been
closely linked to a state of calm, relaxed focus (Sterman, 1996). This article proposes that HRV training may be
associated with increased levels of SMR. Preliminary data have been collected for 40 clients. Twenty clients
were athletes training to improve performance, and 20 clients were from a clinical population aiming to
increase SMR as a part of their program. A 3-min sample of EEG baseline data was compared to a 3-min sample
of EEG data collected during HRV training. Mean microvolt values were collected for SMR during both the
baseline recording and during the HRV training. 7"-test results show that there was a statistically significant
increase in SMR during HRV training as compared to baseline (p<.001). This suggests that increased HRV leads
to increases in production of SMR



COGNITIVE REMEDIATION

J(JL'RNAL~m

-"-Nui‘hl

Recentni prace autoru Reid et al. (2012)

Jana Kopfrivova

Recentni prace autord Reid et al. (2012) prinasi aktudlni a klinicky relevantni zjisténi o souvislosti
elektrické aktivity mozku (EEG) a synchronizace pulzu a dechu. Autofi na souboru 40 osob zjistili, Ze pri
tréninku synchronizace dechu a pulzu vzista v EEG amplituda senzorimotorického rytmu (SMR).

Jakkoli je toto zjisténé prospésné a slibné pro klinickou praci, je tifeba poukazat na to, Ze podobné studie,
které zaznamenaly synchronizaci EEG, dechu, pulzu, ba dokonce i okulomotoriky a psychické reaktivity byly
publikovany jiz pred lety (Faber et al., 1970; Girton et al., 1973; Bauer a Nirnberger, 1981). Tematicky nejbliZe
studii Reida et al. (2012) je Ceska prace prof. Fabera a kolegli zroku 1970. Faber et al. (1970) sledovali
synchronizaci EEG, frekvence dechu a EKG a zjistili, Ze amplitudy EEG byly béhem inspiria signifikantné vyssi
nez béhem exspiria. Podobné Girton et al. (1973) popsali ob¢asnou synchronizaci dechu a velmi pomalych vin
EEG.

vvvvv

dychanim bude vénovano vice pozornosti a Ze bude mozno ho i Klinicky vyuzit. Jak sami autofi pisi v zavéru své
prace, kombinace neurofeedbacku a kardio-respira¢niho biofeedbacku (HRV) by mohla byt efektivnéjsi.
V nékterych pripadech by snad jednoduchy a dostupnéjsi HRV biofeedback mohl byt alternativou
k neurofeedbacku zamérenému na posilovani SMR aktivity.

PhDr. Jana Koptivova, Ph.D.
PCP Praha
koprivova@pcp.If3.cuni.cz

A recent study of Reid et al. (2012)

A recent study of Reid et al. (2012) presents current and clinically relevant findings on the relationship
between the electrical activity of the brain (EEG) and the synchronization of pulse and breathing. The authors
examined a group of 40 people and found that during the training of synchronization of pulse and breathing the
amplitude of sensorimotor rhythm (SMR) increases in the EEG.

As much as this finding is useful and promising for clinical work, it is necessary to point out that similar
studies that dealt with synchronization of EEG, breathing, pulse, and even oculomotor function and
psychological reactivity were published years ago (Faber et al.,, 1970; Girton et al., 1973; Bauer and Nirnberger,
1981). Thematically, the closest study to Reid et al. (2012) is a Czech work of professor Faber and his colleagues
from 1970. Faber et al. (1970) observed EEG synchronization, respiratory rate and EKG and found out that the
amplitudes of EEG were significantly higher during inspiration than during expiration. Similarly, Girton et al.
(1973) reported occasional synchronization of breathing with very slow EEG waves.

Current study of Reid et al. (2012) revives an old topic and brings hope that the relationship between
EEG, pulse and breathing will be given more attention and that there will be more opportunities for clinical use.
As the authors write in the conclusion of their work, the combination of neurofeedback and cardio-respiratory
biofeedback (HRV) should be more efficient. In some cases, perhaps a simple and affordable HRV could be an
alternative to neurofeedback aimed at strengthening SMR activity.
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