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1. Wprowadzenie — teoretyczne podstawy problemu
badawczego

1.1 Motywacja

W niniejszym rozdziale oméwiono znaczenie motywacji u zawodnikow podczas
wyciskania sztangi lezac w kontek$cie tzw. treningu EEG biofeedback (trening z
zastosowaniem sprezenia zwrotnego w czasie biezacym).

Motywacja odgrywa fundamentalng role w sporcie. Stanowi sit¢ napgdowa
zawodnikow do osiggania coraz to lepszych wynikow. W kontek$cie sportu, motywacja
obejmuje nie tylko che¢ zwyciestwa, ale rdowniez zrozumienie celu, autodyscypling,
wytrwato$¢ 1 zdolno$¢ do przekraczania wilasnych granic (Jackson i wsp. 2023).
Doniesienia z obszaru psychologii sportu wskazuja, ze motywacja stanowi nie tylko
klucz do indywidualnych sukcesow, ale takze ksztaltuje dynamike druzynowa i
dlugofalowe zaangazowanie sportowcow (Vallerand i wsp. 2024).

Poprawa motywacji zawodnikéw moze by¢ kluczowa dla osiagnigcia lepszych
wynikow i cigglego rozwoju sportowego. Istnieje przynajmniej kilka strategii, ktore
mogg pomdc w zwigkszeniu motywacji zawodnikoéw, a wybrane obejmuja:

o Cele SMART: nalezy ustali¢ cele specyficzne, mierzalne, osiggalne, realistyczne i
zdefiniowane czasowo. Jasne cele stawiane na krotka i dtugg metg moga dostarczy¢
motywacji do systematycznego treningu i doskonalenia umiej¢tnosci,

o Indywidualne podejscie: zawodnicy réznig si¢ pod wzgledem cech fizycznych,
psychicznych 1 motywacyjnych. Indywidualne podejscie do treningu,
uwzgledniajace silne strony i obszary do poprawy kazdego zawodnika, moze
zwigkszy¢ zaangazowanie 1 motywacje,

o Monitorowanie postepow: regularne $ledzenie postepéw zawodnikdw moze
dostarczy¢ im satysfakcji z osiaggnigtych wynikow. Dodatkowo, analizowanie
postepdéw pozwala na dostosowywanie treningu i ustawianie nowych celow,

o Wsparcie spoteczne: zintegrowanie zawodnikow w pozytywna spotecznosé
treningowa moze zwigkszy¢ ich motywacj¢. Wspierajace relacje z trenerem, innymi
zawodnikami 1 rodzing moga dostarczy¢ dodatkowej motywacji i poczucia
przynaleznosci, o Réznorodno$¢ treningu: monotonia moze prowadzi¢ do spadku

motywacji.



Wprowadzanie roznorodno$ci w treningu, zarowno pod wzgledem ¢éwiczen, jak i
metod, moze utrzymac zainteresowanie i zaangazowanie zawodnikow,

o Trening mentalny: rozwinigcie umiej¢tnosci treningu mentalnego, takich jak
wizualizacja sukcesu, pozytywne mys$lenie i kontrola stresu, moze wpltywaé
pozytywnie na psychik¢ zawodnikéw, co z kolei ma wplyw na ich motywacje,

o Tworzenie silnego zwigzku emocjonalnego z celem moze zwigkszy¢
zaangazowanie i motywacje,

o Zarzadzanie presja: poznanie przez zawodnikéw technik radzenia sobie z presja i
stresem. Trening psychologiczny moze pomdc w utrzymaniu motywacji nawet w

trudnych sytuacjach,

W kontekscie prezentowanych badan, trzy ostatnie strategie zdobywaja szczegolne
zainteresowanie. Rezultaty badan nad motywacja w sporcie wskazuja, ze pewne
osiggnigcia zalezg nie tylko od samej intensywnos$ci motywacji, lecz takze od jej jakos$ci
i zrodel. Teorie samostanowienia (Vallerand 1 wsp. 2000) wskazuja, ze wewnetrzna
motywacja, wynikajaca z autentycznego zainteresowania i satysfakcji z wykonywanej
czynnosci, przewiduje lepsze osiagniecia niz motywacja zewngtrzna, wynikajaca z
presji czy nagrod zewngtrznych. Z kolei, badania nad teorig ustawiania celow (Locke i
wsp. 2002) podkreslaja istotno$¢ klarownie sformulowanych celow w procesie
motywacji, ktore dziataja jak wewngtrzne sterowniki skupiajagce uwage i wysitek
sportowca na konkretne zadania.

W ostatnich latach rozwoj technologii, takich jak wykorzystanie EEG w
treningach  ze sprz¢zeniem zwrotnym (ang. biofeedback), wprowadza nowe
perspektywy do badan nad motywacja w konteks$cie sportu. Badania nad neurobiologia
czasu reakcji mogg zosta¢ wzbogacone poprzez wykorzystanie zaawansowanych
technologii obrazowania mozgu, takich jak elektroencefalografia, aby lepiej zrozumie¢

interakcje migdzy mozgiem a szybkos$cia reakcji.

1.2 Czas reakcji

W niniejszej czgsci omoOwiono znaczenie czasu reakcji w zawodnikow judo w
kontekscie treningu EEG biofeedback. Czas reakcji, bedacy miarg szybkosci i

skuteczno$ci reagowania na bodzce zewngtrzne, odgrywa istotng role w wielu



dyscyplinach sportowych. Czas reakcji definiuje si¢ jako ,,miar¢ czasu, jaki uptywa od
prezentacji bodzca do momentu, gdy osoba podejmuje reakcje na ten bodziec”
(Rosenbaum i wps. 2009). Krotki czas reakcji moze wskazywac na szybka i efektywna
zdolnos$¢ do reagowania na bodZzce zewngtrzne, podczas gdy dluzszy czas reakcji moze
sugerowa¢ op6znienie lub trudno§¢ w przetwarzaniu bodzcéw i1 podejmowaniu reakcji.
Niezaleznie czy to sprinter na biezni (Schmidt i wsp. 2008), tenisista na korcie (Williams
i wsp. 2018) czy pitkarz na boisku (Deci i Ryan 2000), umiej¢tnosé szybkiego i
precyzyjnego reagowania moze stanowi¢ kluczowa przewage konkurencyjna. W
badaniach naukowych z obszaru psychologii sportu i neurobiologii uwydatnia si¢, jak
istotny wplyw na czas reakcji ma nie tylko genetyka, ale takze systematyczne treningi,
skoncentrowana uwaga oraz zdolnos$¢ radzenia sobie ze stresem (Hill i wsp. 2010).

Rezultaty badan (Sterkowicz i wsp. 2009, Lambourne i Tomporowski 2010,
Cojocariu 2011) nad czasem reakcji wykazuja, ze treningi skupione na poprawie tej
cechy nie tylko zwigkszaja szybko$¢ reakcji, ale takze wplywaja pozytywnie na ogdlng
jako$¢ technicznego wykonania zadan. Przykladowo, badania nad sprinterami
wykazaly, Zze wyspecjalizowane treningi sensoryczne mogg istotnie skroci¢ czas
reakcji, co przektada si¢ na lepsze starty podczas zawoddéw (Smith 1 wsp. 2020).

W  obliczu wspodlczesnego zycia, naznaczonego nieustannym pe¢dem i
dynamicznymi zmianami, poj¢cie czasu staje si¢ niezmiernie istotnym elementem, a
jego warto$¢ w konteks$cie sportu jest wrecz nie do przecenienia. W srodowisku, gdzie
zwyciestwo 1 porazka moga zaleze¢ od utamkoéw sekundy, zagadnienia zwigzane z
czasem reakcji oraz motywacja nabieraja nie tylko naukowego, ale i praktycznego
znaczenia. Jednoczes$nie postep technologiczny, szczegdlnie w obszarze neurobiologii
1 treningu sportowego, dostarcza nowych narzedzi do zglebiania tajnikow umystu
sportowca. W dobie postgpujacego udziatu technologii w zyciu codziennym, narze¢dzia
takie jak trening EEG biofeedback staja si¢ nieocenionym wsparciem w badaniach nad
czasem reakcji i motywacja w sporcie. Eksploracja neurobiologicznych podstaw czasu
reakcji za pomoca zaawansowanych metod obrazowania moézgu, takich jak
elektroencefalografia, umozliwia precyzyjne monitorowanie aktywnosci moézgowej
zwigzanej z procesem podejmowania decyzji w czasie rzeczywistym.

Badania Smitha i wsp. (2020) ukazuja, ze treningi skoncentrowane na poprawie
czasu reakcji przy uzyciu EEG biofeedback prowadza do specyficznych zmian w

zakresie aktywnosci elektrycznej mozgu. Ta technologia pozwala na monitorowanie fal



moézgowych, co pozwala na precyzyjne dostosowanie treningdw do indywidualnych
cech neurobiologicznych sportowcow. W rezultacie, mozliwe jest dostosowanie
programow treningowych do specyfiki aktywno$ci mozgu danego zawodnika, co moze
przyczyni¢ si¢ do bardziej efektywnego rozwijania umiej¢tnosci reakcji.

W kontekscie motywacji, EEG biofeedback rowniez otwiera nowe perspektywy
badawcze. Badania nad neurobiologia motywacji przy uzyciu tej technologii, takie jak
prace Jacksona i wsp. (2023), pozwalaja na bezposrednie obserwowanie zmian w
aktywnosci mdzgowej zwigzanej z motywacja sportowca. Mozliwo$¢ monitorowania
procesOw neurobiologicznych zwigzanych z nagroda i przyjemnos$cia podczas
treningdw moze pomoéc w  dostosowywaniu strategii  motywacyjnych do
indywidualnych preferencji i potrzeb zawodnikow.

Ponadto, treningi EEG biofeedback w potaczeniu z koncepcja psychologiczng
dotyczacg czasu reakcji 1 motywacji moga przynies¢ synergiczne korzysci. Integracja
danych neurobiologicznych z wynikami psychologicznymi, opartymi na badaniach
Greenberga i Luthara (2020) czy Valleranda i wsp. (2000), pozwala na stworzenie
holistycznego podej$cia do rozwijania umiej¢tnosci reakcji i podtrzymywania wysokiej
motywacji Sportowcow.

W praktyce, treningi EEG biofeedback moga by¢ dostosowane do konkretnych
celow treningowych, uwzgledniajac zardwno aspekty czasu reakcji, jak i motywacji.
Na podstawie wynikéw badan Zhaa i wsp. (2023) oraz O'Connor i wsp. (2022), ktore
analizujga unikalne czynniki motywacyjne w rdéznych fazach sezonu i w réznych
dyscyplinach sportowych, mozliwe jest dostosowanie treningéw EEG biofeedback do
aktualnych potrzeb sportowca, co pozwala na optymalne wykorzystanie potencjatu
psychologicznego i neurobiologicznego zawodnikow.

Podsumowujac, badania nad czasem reakcji i motywacja w sporcie, wsparte
technologia EEG biofeedback, otwieraja fascynujagce mozliwo$ci zrozumienia oraz
doskonalenia umiejetnosci reakcji i motywacji sportowcow. Dzigki integracji badan
neurobiologicznych i psychologicznych, mozliwe jest wypracowanie kompleksowego
podejscia do treningdw, ktore uwzglednia indywidualne cechy kazdego zawodnika,

przyczyniajac si¢ do osiggania jeszcze lepszych wynikow sportowych.



1.3 Trening EEG biofeedback

Metoda EEG biofeedback pozwala na taczenie ze sobg treningu sfery fizycznej
oraz psychicznej, dzigki czemu odnajduje zastosowanie w sporcie (Petruzzello i wsp.
1991). Koncepcja treningowa uzywang w sporcie jest trening elektroencefalotyczny
(EEG) pozwalajacy na szeroki zakres pracy z zawodnikiem. Zadaniem EEG jest
pobudzenie organizmu, zmuszajac go do samoregulacji i wytworzenia autonomicznego
impulsu, ktorego celem jest podjecie odpowiedniej decyzji lub dziataniu, majace
bezposrednie przelozenie na zachowania sportowca podczas zawodow (Petruzzello i
wsp. 1991). EEG biofeedback jak kazdy inny model treningowy wymaga
odpowiedniego doboru protokotu treningowego do wyznaczonych celow.

EEG biofeedback, znane rowniez jako neurofeedback, to technika, w ktérej osoba
uczaca si¢ $wiadomie reguluje swoja aktywno$¢ mozgu, korzystajac z informacji
zwrotnej na temat jej wzorcow fal moézgowych. W kontekscie poprawy motywacji
zawodnikow, trening EEG biofeedback moze wiele kilka korzysci:

1. Dzigki biofeedbackowi zawodnicy moga lepiej zrozumie¢ swoje wilasne stany
umystowe, zwlaszcza te zwigzane z poziomem stresu, koncentracja i relaksem.

Swiadomo$¢ tych stanéw moze pomoc w identyfikowaniu obszarow do poprawy

(Ferguson, K., Hall, 2020).

2. Skuteczny trening biofeedbacku EEG moze pomdc w redukeji poziomu stresu u
zawodnikow. Nizszy poziom stresu moze prowadzi¢ do lepszej wydolnosci,
szybszego regenerowania si¢ i skupienia na celach treningowych (Rydzik i wsp.
2023).

3. Cwiczenia biofeedbacku EEG skoncentrowane na poprawie koncentracji moga
pomoc zawodnikom utrzymacé lepsza uwage podczas treningdéw i zawoddow. Poprawa
koncentracji moze przeklada¢ si¢ na lepsza precyzje ruchow podczas trojboju
sitowego (Maszczyk i wsp. 2019).

4. Zawodnicy moga uzywaé biofeedbacku EEG do osiggania optymalnych stanow
umystowych przed treningami lub zawodami. To moze obejmowac stymulowanie
odpowiednich fal mozgowych zwigzanych =z energia, motywacja i

skoncentrowaniem (Chamera i wsp. 2023).



5. Biofeedback EEG umozliwia dostosowanie treningu do indywidualnych potrzeb
zawodnikow. Kazdy moze pracowa¢ nad konkretnymi obszarami, ktére sa kluczowe

dla ich wtasnej wydolnos$ci i motywacji (Chamera i wsp. 2023).

6. Dzieki monitorowaniu fal mézgowych, zawodnicy i trenerzy moga $ledzi¢ postepy
w poprawie kontroli nad wlasnym umystem. To moze dziata¢ jako dodatkowa

motywacja do ciaglego doskonalenia (Sokhadze i wsp. 2012).

7. Biofeedback EEG mozna integrowaé z innymi technikami treningu mentalnego,
takimi jak wizualizacja sukcesu, afirmacje czy techniki oddechowe. Razem moga
one tworzy¢ kompleksowy program poprawiajacy wydolnos¢ i motywacje (Mikicin

1 wsp. 2015).

Trening EEG biofeedback to technika, ktora moze by¢ potencjalnie wykorzystywana
réwniez do poprawy czasu reakcji zawodnikow judo poprzez §wiadoma regulacje
aktywno$ci mozgu. Zawodnicy judo czesto dos§wiadczaja sytuacji stresowych w trakcie
walki. Trening EEG biofeedback moze pomdc w skuteczniejszym zarzadzaniu poziomem
stresu, co moze wptyna¢ na bardziej optymalne reakcje w sytuacjach dynamicznych.
Trening EEG biofeedback moze by¢ skoncentrowany na poprawie umiejgtnosci
koncentracji zawodnikow. Skupianie si¢ na odpowiednich falach moézgowych
zwigzanych z koncentracjag moze pomdc w utrzymaniu uwagi na waznych elementach
walki.

Sktadnik treningu EEG biofeedback moze obejmowac ¢wiczenia, ktére angazuja
wspolprace miedzy percepcja wzrokowa a ruchem (Gruzelier 1 wsp. 2014, Zoefel 1 wsp.
2011). To moze przyczyni¢ si¢ do szybszej i bardziej precyzyjnej reakcji na bodzce
wizualne. Poprawa zdolnosci do relaksacji w odpowiednich momentach moze wptywac
na elastycznos$¢ myslowa i szybkos¢ reakcji. Trening EEG biofeedback moze pomée w
rozwijaniu umiejetnosci relaksacyjnych. Dodatkowo, indywidualne profile EEG
zawodnikow moga by¢ wykorzystane do dostosowywania treningu do ich konkretnych
potrzeb. Kazdy zawodnik moze pracowa¢ nad konkretnymi aspektami czasu reakcji, ktore
wymagaja poprawy. Systematyczne monitorowanie zmian w aktywnosci mozgu
zawodnikow za pomoca EEG biofeedback pozwala $ledzi¢ postepy treningowe
zawodnikow. To dostarcza informacji zwrotnej, ktora moze by¢ uzywana do ciaglego

doskonalenia treningu. Na koniec i co bardzo wazne, EEG biofeedback moze by¢



integrowany z tradycyjnym treningiem mentalnym, takim jak wizualizacja sukcesu czy
pozytywne myslenie, aby wzmocni¢ efektywnos$¢ procesu uczenia si¢ (Gruzelier 1 wsp.

2014, Zoefel i wsp. 2011)..

W $wietle aktualnego piSmiennictwa uwidacznia si¢, ze projektowanie i prowadzenie
badah w obszarze zastosowania EEG biofeedback w sporcie wymaga
interdyscyplinarnego podej$cia. Roznorodnos¢ metodologiczna, brak jednolitej definicji
motywacji, indywidualne roéznice sportowcéw, ograniczenia dlugosci obserwacji oraz
niedostateczna jeszcze analiza kontekstualnej, stanowia pewne wyzwania oraz
wymagaja zintegrowanego i skoordynowanego podejscia badawczego. Zasadne zatem
stato si¢ uwzglednienie wymienionych aspektéw przy projektowaniu i prowadzeniu
dalszych badan. Umozliwi to bardziej kompleksowe zrozumienie potencjalnych
korzysci ptynacych z treningu EEG biofeedback w kontek$cie poprawy rozwoju
zawodniczego.

Od lat 60-tych XX wieku, kiedy to zrodzita si¢ koncepcja biofeedbacku, znalazt on
wszechstronne zastosowanie migdzy innymi w psychologii (Moore i wsp. 2000,
Schoenberg 1 wsp. 2014), w medycynie (Glombiewski i wsp. 2013, Tan i wsp. 2009), ale
takze w biznesie i w sporcie celem poprawy wynikow sportowcoOw (Maszczyk 1 wsp.
2018, 2020). Jedng z najczgsciej stosowanych technik biofeedbacku jest trening
biofeedback EEG (elektroencefalografia) czyli neurofeedback (NFB) (Razran, 1961;
Rostami i wsp., 2012). NFB jest metoda pomagajaca pacjentom w $wiadomym
kontrolowaniu fal mézgowych, gdzie dane zabierane sa za pomoca EEG (Marzbani i wsp.
2016).

EEG biofeedback jest bardziej wyrafinowang formg biofeedbacku. Ten sposéb
samoregulujacej stymulacji z zastosowaniem dedykowanej technologii jest
wykorzystywany do przywracania rOwnowagi wzorcow funkcjonowania mozgu w celu
poprawy wydajnosci poznawczej, emocjonalnej i behawioralnej (Gong i wsp. 2021;
Salimnejad 1 wsp. 2019). Analiza sygnalow EEG, rejestrowanych za pomoca elektrod
umieszczonych na skorze glowy osoby badanej, przyjmuje przystgpna dla trenujacego
posta¢ graficzng, ktora wyswietlana jest na ekranie monitora, stanowigc w ten sposob
informacj¢ zwrotng na temat biezacych zmian zachodzacych w jego umysle. Istota
metody EEG biofeedback jest zalozenie, ze aktywno$¢ bioelektryczna mozgu stanowi
odzwierciedlenie stanow emocjonalnych badanego, oraz ze aktywno$¢ te mozna

kontrolowa¢ 1 modyfikowa¢ pod wplywem treningu (Salimnejad i wsp. 2019).
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NFB wykorzystuje zmierzone zmiany w aktywacji mozgu, aby pomoc sportowcom
regulowa¢ aktywno$¢ lub moc wyznaczonych pasm czestotliwosci EEG, dostarczajac im
informacji o aktywacji w czasie rzeczywistym (Brito 1 wsp. 2022; Paret i wsp. 2019). W
r6znych badaniach wykorzystywano EEG do oceny dynamiki aktywno$ci neuronow w
korze mozgowej i wyodrebniono rézne fale mézgowe: theta (4-8 Hz), alfa (10-12 Hz),
beta (22—15 Hz) i rytm czuciowo-ruchowy (12-15 Hz). Stwierdzono, ze fale te moga by¢
przydatne =~ w  osiagnigciu  lepszego  zrozumienia ~ poprawy = Procesow
poznawczomotorycznych (Wyckoft i wsp. 2015). Przeprowadzone dotad badania wsérod
zawodnikow réznych sportéw (np.: golf, tenis, lucznictwo, pitka nozna, judo) wykazaty,
ze ksztaltowanie umiejetnosci wytwarzania okre§lonych wzorcow aktywnosci korowej w
wyniku zastosowania treningu EEG biofeedback, korzystnie wptywa na zwigkszanie ich
efektywnosci, a takze osiggane przez nich wyniki sportowe (Lee, J. i wsp. 2021; Srilekha
1 wsp. 2014; Landers i wsp. 1994; Maszczyk i wsp. 2018, 2020).

Sita 1 moc zawodnikow s3 determinowane przez ztozong interakcje réznych
czynnikdw, w tym mig¢dzy innymi motywacji, czy obcigzenia zewngtrznego. W tej
interakcji mozna uwzgledni¢ oddziatywanie treningu EEG biofeedback. Sposob, w jaki
wspomniane czynniki oddzialuja na siebie, moze mie¢ istotne konsekwencje dla
zdolnos$ci sportowca do osiggania najlepszych wynikow. W szczegdlnosci wptyw rdznic
W motywacji na osiggniecia moze by¢ znaczacy, zwlaszcza w przypadku aktywnosci o
wysokiej intensywnoéci, takich jak podnoszenie cigzaréw. Cwiczenie na tawce plaskiej
jest podstawa wielu programéw treningowych sily, wytrzymalosci czy mocy, wymaga
zarowno wysitku fizycznego, jak i mentalnego, aby zostato wykonane poprawnie.

Motywacja jest to umyslowy stan napigcia, obejmuje on mi¢dzy innymi zwigzek
pomiegdzy percepcja a mysleniem. W badaniach motywacja okresla si¢ wskaznikiem FAI
(Frontal Alpha Asymmetry). FAI moze by¢ wykorzystywana jako wskaznik ukrytych
procesow poznawczych i emocjonalnych. Méwigc o mierzeniu motywacji wiemy, ze
wigksza moc alfa w lewej cz¢$ci przedniej mézgu w poréwnaniu z prawa czg¢scig przednig
czgsto jest zwigzana z pozytywnymi emocjami, motywacja do dziatania i wigkszym
zaangazowaniem w bodzce, podczas gdy wigksza moc alfa w prawej czgsci przedniej
moézgu w poréwnaniu z lewg czg¢écig przednig jest zwigzana z negatywnymi emocjami,
motywacja do unikania i zachowaniami ucieczki (Kelly 1 wsp. 2017). W terminach

psychologicznych proces mentalny uwazany jest za podstawg jednostke zaangazowania
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w dziatalnos¢, przekladajac si¢ bezposrednio na jakos¢ i efekt dziatania, co w przypadku
sportu moze wptywaé na osiggniecia sportowca (Gracz i wsp. 2007).

Koncentracja odgrywa kluczowa role w sporcie sitowym, charakteryzujacym sie
tendencja do ciggltego podnoszenia poziomu techniki wykonywanego zadania. Uwaga to
proces neuropsychologiczny obejmujacy specyficzng koncentracje funkcji poznawczych
na okre$lonym zadaniu (Yarrow i wsp. 2009). Sportowcy na poziomie zawodowym
doswiadczaja mniejszej satysfakcji z faz treningowych niz amatorzy, co moze by¢
odzwierciedleniem ich zrozumienia podstawowego celu praktyki sportowe;.
Wystarczajaco silna motywacja skoncentrowana na konkretnym celu przy regularnych,
czesto powtarzajacych sie treningach, moze by¢ istotnym czynnikiem o charakterze
psychologicznym, ktory wplywa na efekty treningu wysokokwalifikowanych
sportowcow (Healy 1 wsp. 1993). Bioelektryczna aktywno$¢ mézgu moze odzwierciedlaé
stany umyslowe, w tym przypadku zdolno$¢ sportowca do wykonania zadania
motorycznego. Aktywnos$¢ bioelektryczna mdzgu jest dynamiczna i moze by¢ rozwijana
zarowno przez czynniki zewngtrzne, jak i wewnetrzne, takie jak stan umyshu sportowca.
Elektroencefalografia umozliwia monitorowanie tego procesu. Zmiany w aktywnosSci
elektrycznej mdzgu sa obserwowane w czasie rzeczywistym i obejmujg rozne zakresy
czestotliwosci w okreslonych czgsciach kory. Sa one zwigzane z réznymi stanami
emocjonalnymi, w tym z motywacja (Thompson i Thompson 2016; Demo 2019). Czynnik
motywacyjny jest bardzo istotny pod wzgledem osiagnig¢, zwilaszcza w przypadku
postepujacych obcigzen u zawodnikow wyciskajacych sztange lezac. Wyciskanie sztangi
na fawce plaskiej to ztozone ¢wiczenie wielostawowe, ktore aktywuje kilka grup migsni
gornej czesci ciala, umozliwiajac pokonanie duzych obciazen zewnetrznych,
wymagajacych wysokiego poziomu aktywacji nerwowo-mig¢sniowej. Wyniki uzyskiwane
przez zawodnikéw w zawodach wyciskania sztangi sa gtéwnie efektem rozwinigtych
zdolnos$ci motorycznych, techniki i zaangazowania (postawy mentalnej). Ze wzgledu
duza popularno$¢ zawodow w tej konkurencji sitowej, jest ona czgsto wykorzystywana w
treningu, testowaniu i badaniach naukowych (Baechle i Earle 2008). Kinematyka
wyciskania na fawce ptaskiej (van den Tillaar, 2010) skutecznos$¢ réznych ¢wiczen na site
1 moc mig$ni klatki piersiowej (Welsch 1 wsp. 2005), wplyw niestabilnej powierzchni na
aktywacje¢ migsni gornej czesci ciata (Anderson i Behm 2004), efekty zmeczenia (van den
Tillaar 1 Saeterbakken 2013), a takze uwarunkowania motywacyjne ¢wiczen na tawce

ptaskiej z maksymalnymi i submaksymalnymi obcigzeniami byly przedmiotem

12



wezesniejszych badan (Lebon 1 wsp. 2010; Colquhoun i wsp. 2017; Saeterbakken 1 wsp.
2017).

W sporcie, takim jak judo, w ktorym uwaga wizualna oraz jej wktad w proces
podejmowania decyzji i planowania wtasciwej odpowiedzi motorycznej ma kluczowe
znaczenie dla powodzenia dziatah zawodnika, wysoki poziom koncentracji i zdolnos¢ do
szybkiego reagowania na bodZzce wizualne jest szczegdlnie wazna. Dlatego tez
wskazanym jest, aby w procesie treningowym judokéw dazy¢ do doskonalenia
umiejetnosci  wlasciwego skupiania uwagi oraz szybkiego jej odzyskiwania po
rozproszeniu, aby usprawni¢ ich mechanizmy przetwarzania wzrokowego oraz poprawic¢
czas reagowania na bodzce (Mirifar i wsp. 2018).

Czas reakcji lub czas odpowiedzi na dziatanie bodzca odnosi si¢ do czasu, jaki
uptywa od momentu, w ktorym co$ dostrzezemy, do momentu, w ktérym zareagujemy na
dany bodziec. Jest wskaznikiem pozwalajacym na ocen¢ wewnetrznych zasobow
poznawczo-motorycznych zwigzanych z wynikami sportowca. Badanie Parsaee 1 wsp.
(2018) oraz Pourbehbahaniego i wsp. (2023), oceniajace wptyw treningu NFB na czas
reakcji wzrokowej i stuchowej wykazaty, ze NFB skutecznie poprawia funkcje mézgu w
zakresie czasu reakcji wzrokowej i stuchowej (Parsaee i wsp. 2018; Pourbehbahani i wsp.
2023). Celem pracy bylo poszerzenie dotychczasowej wiedzy dotyczacej skutecznos$ci
zastosowania treningdw EEG biofeedback na czas reakcji zawodnikoéw judo, a takze
opracowanie optymalnego protokotu treningowego, wykorzystujacego EEG oraz
okreslenie optymalnego treningu ze wzglgdu na ilosci sesji oraz czas ich realizacji istotnie
polepszajacego czas reakcji badanych judokow.

Trening EEG biofeedback, jest metoda stosowana w biofeedbacku opierajaca si¢ na
pomiarze aktywnosci elektrycznej mdzgu. Moze by¢ dostosowany do réznych celow,
jednak w sporcie wykorzystywany jest pod katem wszechstronnego rozwoju precyzji i
wzorca ruchu. W celu rozwijania tych umiej¢tnosci, konieczne jest odpowiednie
dostosowanie parametrow treningowych, w tym czestotliwosci fali mézgowe;j, ktore sa
najbardziej istotne. Dazy si¢ do optymalizacji treningu EEG biofeedback w zaleznosci od
celu:

1. Rozwijanie czucia:
* Fale alfa (8-12 Hz) wyste¢puja, gdy mozg jest w stanie relaksu i jest zwigzane z lekkim
stanem czuwania, ale bez nadmiernej aktywnosci myslowej. Trening oparty na

falach alfa moze pomo6c w poprawie czujnosci i skupienia uwagi.

13



2. Rozwijanie ruchu:

* Fale beta (13-30 Hz) s3 zwigzane z aktywnosciag umyslowsa, koncentracjg i
dziataniami ruchowymi. Trening oparty na falach beta moze pomoc w zwigkszeniu
gotowosci ruchowej 1 poprawieniu koordynacji ruchowe;.

+ Fale gamma (30-100 Hz) s3 zwigzane z wysokim poziomem aktywnoS$ci
umystowej, a takze z integracja réznych obszaréw moézgu. Moga pomodc w
doskonaleniu precyzji ruchowej i umozliwi¢ bardziej zlozone procesy myslowe
zwigzane z ruchem.

» Fale Theta (4-7 Hz) i Delta (0,5-4 Hz) sa zwigzane z glebokim relaksem i snem. W
treningu ruchowym mogg by¢ przydatne w kontekscie regeneracji i odpoczynku po
intensywnym wysitku fizycznym.

Podczas treningu sitowego, takiego jak wyciskanie sztangi lezac, bardziej
odpowiednie bedzie badanie aktywnos$ci fal mozgowych w zakresie fal beta, zwlaszcza
w warunkach, ktére wymagaja koncentracji i zaangazowania mentalnego. Fale beta sa
bowiem, co juz zostalo wspomniane, zwigzane z aktywnos$cig umystowa, koncentracja i
dzialaniami ruchowymi, co jest istotne podczas wykonywania ¢wiczen sitowych. Dlatego
wlasnie warto skupi¢ si¢ na analizowaniu fal beta, zwlaszcza w warunkach
wymagajacych intensywnej koncentracji i zaangazowania mentalnego.

Badanie poziomu fal theta (4-7 Hz) w treningu sitowym nie jest typowe, poniewaz
fale theta s3 zazwyczaj zwigzane z glebokim relaksem i stanami umystu bardziej
pasywnymi. Natomiast podczas badania czasu reakcji, szczegdlnie prostej wydaja si¢ jak
najbardziej odpowiednie. Szczegdlnie gdy dziatanie ma na celu zmniejszenie ich
poziomu.

Aby zwigkszy¢ koncentracj¢ i zaangazowanie mentalne, zazwyczaj celem w
treningu EEG biofeedback jest zwigkszenie poziomu fal beta (13-30 Hz), a nie ich
zmniejszenie. Fale beta s3 zwigzane z aktywno$cia umystowa, koncentracja,
zaangazowaniem i procesami myslowymi, co jest szczegélnie wazne w zadaniach
wymagajacych uwagi i skupienia. Dlatego podczas treningu biofeedbacku zwigzanego z
koncentracjg 1 zaangazowaniem mentalnym dazy si¢ do zwigkszenia amplitudy fal beta
(Gruzelier 2024).

Przy zwigkszaniu poziomu fal beta mozna poprawi¢ zdolno$¢ skupienia uwagi,

poprawi¢ wydajno$¢ w zadaniach wymagajacych koncentracji, zwigkszy¢ zaangazowanie
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w dziatania, a takze efektywnie reagowa¢ na wyzwania mentalne. Poziom fal beta ma
duzy wptyw na wszelkie reakcje ztozone w zatozeniu ze ich warto$¢ zostaje zwigkszona.

Glownym celem procesu treningowego jest maksymalizacja osiggnie¢ sportowych
poprzez doskonalenie umiejetnos$ci technicznych i taktycznych sportowcéw oraz
podnoszenie ich poziomu gotowosci motorycznej. W tej drodze ku osiggnigciu wysokich
wynikow sportowych, trening psychologiczny skoncentrowany na poprawie czasu reakcji
odgrywa coraz bardziej istotng role. Czas reakcji i jego adekwatnos¢ sa fundamentalnymi
predyspozycjami judoki. Dotychczasowe ustalenia naukowe sugeruja, ze wigksza
wytrzymato§¢ psychiczna sportowca, w tym zdolno$¢ do skupienia uwagi pod presja
konkurencji, istotnie wplywa na poprawe osiggni¢¢ w trakcie zawodow (Golby 1 wsp.
2003; Jones 1 wsp. 2007; Thelwell i wsp. 2010; Nicholls i wsp. 2009).

Wysoka koncentracja i zwigzana z nig zwigkszona czujno$¢ osiaggane w
optymalnych warunkach pobudzenia uktadu nerwowego utatwiaja procesy poznawcze i
skracajg czasy reakcji (Kaur i wsp. 2006; Rietjens i wsp. 2005; Decroix i wsp. 2016; Le
Meur i wsp. 2013). Analiza zwigzku migdzy umiejetno$ciami samoregulacji sportowcow
a ich miejscem w $wiatowym rankingu przeprowadzona przez Dupee i wsp. (2015)
wykazata, Zze lepsze zarzadzanie fizjologia i emocjami wigze si¢ zdecydowanie z
wydajnoscig sportowa. Sportowcy, ktorzy nie potrafili kontrolowaé swoich reakcji na
stres i ulegali rozproszeniu, zajmowali nizsze pozycje w ogdlnym rankingu (Dupee i wsp.
2015).

W sportach takich jak judo, w ktéorych wzrokowa uwaga i jej wplyw na
podejmowanie decyzji oraz planowanie odpowiedzi motorycznej sa kluczowe dla
sukcesu zawodnika, wysoki poziom koncentracji i zdolno$¢ szybkiej reakcji na bodzce
wzrokowe sag szczegolnie istotne. Przeprowadzono liczne analizy (van der Zwan I wsp.
2015, Leher 2014, Vaschillo 1 wsp. 1998) dotyczace oceny skutecznosci treningu EEG
biofeedback opartego na samokontroli rytmu serca i czgstosci oddechow, majacego na
celu zwigkszenie efektywnosci dziatan podjetych przez sportowcow.

Wprowadzenie treningu EEG biofeedback wsrdd elitarnej grupy zapasnikoéw
znaczaco poprawito ich czasy reakcji poprzez opanowanie umiej¢tnosci utrzymania
optymalnego rytmu serca (Vaschillo i wsp. 1998). Podobne wyniki uzyskano w grupie
koszykarzy, gdzie trening EEG biofeedback w grupie eksperymentalnej prowadzil do
Znaczacej poprawy czasu reakcji na bodzce w poréwnaniu do grupy placebo i kontrolnej

(Paul 1 wsp. 2012). W $wietle ustalen dotyczacych zwigzku migdzy aktywnoscig fal
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moézgowych, koncentracja oraz wydajnoscia sportowa, metoda EEG biofeedback jawi sie
jako interesujace narzgdzie wspierajace rozwdj kluczowych umiejetnosci selektywne;j
uwagi w sporcie elitarnej. Poprzez umozliwienie sportowcom $wiadomego
monitorowania i regulacji swojej aktywnosci mozgowej, EEG biofeedback moze pomoc
w doskonaleniu zdolnosci koncentracji, co przeklada si¢ na szybsze przetwarzanie

bodzcoéw oraz poprawe efektywnosci ich reakcji w trakcie zawodow.

W zwiagzku z powyzszym, zastosowanie metody EEG biofeedback w treningu
sportowym moze by¢ trafnym podej$ciem do wsparcia rozwoju umiejetnosci selektywnej
uwagi u sportowcow, co z kolei moze przyczyni¢ si¢ do zwigkszenia ich predkosci
przetwarzania bodzcow oraz efektywnosci w wykonywaniu zadan sportowych na
najwyzszym poziomie.

Jednoczesnie wydaje si¢ rozsadne dostosowywanie czasu treningu do czasu trwania
konkurencji w danej dyscyplinie sportowej lub wydarzeniu sportowym. Biorac pod
uwage wyzej przytoczone przestanki, niniejsze badania miaty na celu okreslenie, ktore
fale, Theta czy Beta, sg istotnymi predyktorami czaséw reakcji prostych i ztozonych

podczas testu wiedenskiego, przy uzyciu modelowania regresji.

1.4 Uzasadnienie podjecia tematu badawczego

W sporcie, takim jak judo, w ktorym uwaga wizualna oraz jej wktad w proces
podejmowania decyzji i planowania wtasciwej odpowiedzi motorycznej ma kluczowe
znaczenie dla powodzenia dziatah zawodnika, wysoki poziom koncentracji i zdolnos$¢ do
szybkiego reagowania na rdzne bodzce, w tym wizualne, jest szczegolnie wazna.

Od lat 60-tych XX wieku, kiedy to zrodzita si¢ koncepcja biofeedbacku, znalazt on
wszechstronne zastosowanie mi¢dzy innymi w psychologii, w medycynie, ale takze w
biznesie i w sporcie celem poprawy wynikéw sportowcow.

Rezultaty niedawnych prac badawczych dostarczyly przestanek sugerujacych, ze
biofeedback z wykorzystaniem EEG moze by¢ jednym z narzedzi wspierajacych
ksztattowanie dobrej dyspozycji zawodnikow w procesie przygotowan do waznych
imprez sportowych (Dupee 1 wps. 2016,Jonhson i wsp. 2015)

Badania nad zastosowaniem EEG biofeedbacku w sportach walki stanowig istotne

wyzwanie naukowe (Kolayis, 1 wsp. 2012, Maszczyk i wsp. 2017,2020). Rezultaty
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kolejnych badan moga pozwoli¢ na bardziej zintegrowane podejscie w interakcji migdzy
ksztattowaniem aktywno$ci moézgu a efektywnoscig procesu szkolenia sportowego. To
interdyscyplinarne podej$cie moze prowadzi¢ do nowatorskich metod treningowych,
optymalizacji reakcji psychicznych i lepszego zrozumienia mechanizméw wplywajacych
na osiggni¢cia w sporcie walki.

Analiza pis$miennictwa sktania do sformutowania tezy, ze ma miejsce luka wiedzy
w obszarze praktycznego wykorzystania EEG biofeedbacku w sportowym szkoleniu
zawodnikow judo (Maszczyk 1 wsp. 2017, 2020). Nie jest dostatecznie okreslone jaki
efekt oddziatywania ma motywacja i EEG biofeedback na zdolnosci wysitkowe przy
zastosowaniu réznych obcigzen u zawodnikéw o réznym poziomie sportowym. W
dalszym ciggu poszukuje si¢ optymalizacji procesu treningu z wykorzystaniem EEG
biofeedback, w tym ustalenia parametréw sesji treningowych. Na poziomie
szczegblowym rozwaza si¢ ktore fale EEG- Theta czy Beta, moga by¢ istotnymi
predyktorami czasow reakcji. Stad, ze wzgledu na niedostateczny i niespojny stan wiedzy
w tym obszarze, niniejsza rozprawa zostala ukierunkowana na dostarczenie danych, ktore

pozwola rozstrzyga¢ wyzej sformutowane zagadnienia badawcze.

2. Cel badan 1 pytania badawcze

2.1 Cel badan

Glownym celem badan prezentowanych w niniejszej dysertacji byto okreslenie
wptywu treningu EEG biofeedback na czas reakcji oraz motywacj¢ wysoko

wytrenowanych zawodnikow.

2.2 Pytania badawcze

Pytania badawcze sformulowane na potrzeby poszczegélnych badan wchodzacych w

sktad niniejszego cyklu:

1. Jakie sa efekty oddziatywania treningu EEG biofeedback na wskazniki
motywacji i zdolno$¢ wysitkowa podczas wyciskania sztangi lezac, w zalezno$ci od
obcigzenia zewngtrznego 1 poziomu wytrenowania u wysokokwalifikowanych

zawodnikow?
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2. Czy wplyw programéw treningowych z wykorzystaniem EEG biofeedback na
czas reakcji bedzie zréznicowany ze wzgledu na czgstotliwos¢ sesji i czas trwania sesji

u zawodnikéw judo?

3. Ktore fale, Theta czy Beta, sg istotnymi predyktorami czaséw reakcji prostych

1 ztozonych wizualnych u zawodnikéw judo?

3. Zbior opublikowanych 1 powigzanych tematycznie
artykutow naukowych sktadajacych si¢ na
osiggnigcie naukowe
Przedmiotem rozprawy doktorskiej jest osiggniecie naukowe ukierunkowane na
oryginalne rozwigzanie problemu naukowego, przedstawione w postaci trzech spdjnych
tematycznie prac opublikowanych w czasopismach znajdujacych sie¢ w wykazach
czasopism naukowych Ministerstwa Nauki i Szkolnictwa oraz Journal Citation Reports

(JCR).

Laczna liczba punktéw przypisana opublikowanym artykutom naukowym wynosi:
o 350 punktéow wedlug wykazu czasopism naukowych 1 recenzowanych
materiatéw z konferencji miedzynarodowych ogtoszonym przez Ministra Nauki i

Szkolnictwa Wyzszego (Komunikat Ministra Nauki z dnia 05 stycznia 2024 roku).

o 8.7 punktéow Impact Factor (IF) wedtug bazy Journal Citation Reports (JCR) z
dnia 06.04.2024 r.

Artykuty naukowe skladajace si¢ osiggnigcie naukowego prezentowane sa pod
wspolnym tytutem: Wplyw treningu EEG Biofeedback na czas reakcji oraz motywacje

u sportowcoOw 1 obejmuja nastepujace prace:

1. Magdalena Pronczuk, Tomasz Chamera, Jarostaw Markowski, Jan Pilch,
Wojciech Smolka, Adam Zajac, Adam Maszczyk. The impact of EEG
biofeedback training on the athletes’ motivation and bench press performance.
Biology of Sport. 2024, Vol. 41, nr 4, s. 1737-1743. Impact Factor: 5.6;
MNiSW: 140

2. Magdalena Pronczuk, Grzegorz Trybek, Artur Terbalyan, Jarostaw
Markowski, Jan Pilch, Michal Krzysztofik, Maciej Kostrzewa, Aleksandra
Mostowik, Adam Maszczyk. The Effects of EEG Biofeedback Training on
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Visual Reaction Time in Judo Athletes. Journal of Human Kinetics. 2023, Vol.
89, s. 247-258. Impact Factor: 2.3; MNiSW: 140

. Magdalena Pronczuk, Tomasz Chamera, Alicja Markiel, Jerzy Markowski,

Jan

Plich, Piotr Zmijewski, Adam Maszczyk. Influence of Beta and Theta Waves as
Predictors of Simple and Complex Reaction Times in Examined Groups of Judo

Athletes during the Vienna Test. Baltic Journal of Health and Physical Activity.

2023, Vol. 15(4), s. 2-11. Impact Factor: 0.8; MNiSW: 70
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3.1.1 Artykul 1: The impact of EEG biofeedback training on the athletes’
motivation and bench press performance

Celem badan sformutowanym w pierwszym artykule bylo okreslenie efektow
oddziatywania treningu silowego wspieranego treningiem motywacyjnym i EEG
biofeedback na wskazniki motywacji i zdolno$¢ wysitkowa zawodnikow specjalizujacych
sie w wyciskaniu sztangi lezac, podczas ¢wiczen na tawce lezac, z oceng zr6znicowania

efektow ze wzgledu na obcigzenie zewngetrzne 1 poziom wytrenowania.

Badaniem objeto 18 zawodnikow wyciskania sztangi lezac, ktorzy zostali podzieleni na
dwie grupy: $redniozaawansowang (IG) 1 zaawansowang (AG). Sesje treningowe
odbywaty sie co trzy dni, kazda trwata 27 minut, obejmujac 5x3-minutowe interwaly z
okresami odpoczynku. W analizie zmian motywacji wykorzystano wskazniki aktywnosci
mozgu rejestrowane przy pomocy EEG, tj. FAI (Frontal Alpha Asymmetry), a do oceny
zdolnosci wysitkowej maksymalny cigzar wyciskany przez badanych. W doborze
obcigzen wykorzystano wskazniki relatywne maksymalnego obcigzenia w pojedynczym

powtdrzeniu (tj. % 1RM).

Oddzialywanie treningowe realizowano na punktach Fpl, Fp2 i Cz (zob. rycina
1), promujac odpowiednio rytmy betal i SMR (rytm sensomotoryczny). SMR jest jednym
z obszarow, ktore moga by¢ obserwowane i regulowane. Rytm ten mozna obserwowac z
zakresie czestotliwosci 12-15Hz, a wzrost amplitudy 1 stabilno$ci rytmu SMR jest czgsto
zwigzany z poprawa koncentracji, kontroli ruchowej oraz funkcjonowania poznawczego.

U kazdego badanego rejestrowano takze szczytowa czestotliwos¢ alfa (PAF).
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Ryc.1 Migdzynarodowy system 10-20 Demos, J. N. (2019). Getting started with EEG
neurofeedback. WW Norton & Company

Pomiary wykonano podczas 5 sesji z 3-minutowa przerwa na odpoczynek pomiedzy
nimi, aby unikng¢ potencjalnych skutkow zmeczenia. Sesje polegaty na wykonaniu
jednego powtorzenia ze sztangg do wyciskania na tawce plaskiej z obciazeniem od 35%
ci¢zaru maksymalnego w pojedynczym powtdrzeniu (1IRM) do 100% 1RM. Do kazdej
sesji treningowej zastosowano standardowy protokot rozgrzewki, obejmujacy ogdlng
rozgrzewke (5 minut) na r¢gcznym ergometrze rowerowym (tetno okoto 130 uderzen na
minutg) i ¢wiczen sitowych bez obcigzenia zewnetrznego, angazujacych cale cialo.
Wartos¢ 1RM okreslono wedtug protokotu Tilliara i Saeterbakkena (2013). 1RM
zdefiniowane zostato jako najwyzsze obcigzenie, z jakim badany wykonat ¢wiczenie
przy zachowaniu poprawnej techniki, w pelnym zakresie ruchu bez pomocy obecnych
asystentow (Seo i wsp. 2012; Wilk 1 wsp. 2019). Zapisy EEG przeprowadzono zgodnie
z procedurami Miedzynarodowej Federacji  Neurofizjologii  Klinicznej i
Amerykanskiego Towarzystwa EEG. Zapis EEG rejestrowano przy uzyciu elektrod
skalpowych AG/AgCl, umieszczonych wedlug migdzynarodowego systemu 10-20
(Jaspers 1958). Zapis EEG wykonano na 24-kanatowym systemie Deused Truscan.
Czgstotliwos¢ probkowania wynosita 1024/s. Impedancja elektrody zostata utrzymana
ponizej 5 kiloomow. Zastosowano filtr sieciowy 50 Hz oraz filtr géornoprzepustowy i

dolnoprzepustowy (odpowiednio 1 i 40 Hz). Pomiar rozpoczynano od 2-minutowego
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zapisu EEG w stanie spoczynku. Najpierw sprawdzano zapis przy zamkni¢tych oczach
pod katem padaczkowych wzorcéw elektroencefalograficznych Iub innych
nieprawidlowosci. Pozostala cze$¢ nagrania i catg analize przeprowadzono z otwartymi
oczami. Pig¢tnascie sekund przed kazda proba wyciskania na fawce zadaniem badanego
byto skupienie si¢ i zmotywowanie do wykonania zadania. Przerwy odpoczynku
pomiegdzy seriami wynosity 5 minut. Przeanalizowano 15-sekundowe odcinki nagrania
przed proba z elektrod F3 i F4 i1 rgcznie podzielono je na 1-sekundowe epoki. Usunigto
te, ktore wykazywaty artefakty spowodowane dodatkowa wspotwystepujaca
aktywno$cia migsni. Wynik $redni poddano szybkiej transformacie Fouriera.
Eksportowano moc widmowa (uV2) w zakresie alfa (8—13 Hz). Na koniec moc alfa
elektrod EEG F3 i F4 przeksztalcono logarytmicznie i obliczono wynik asymetrii
czolowej alfa, odejmujac warto$¢ w punkcie F3 od warto$ci w punkcie F4. W zwigzku
z tym dla kazdej fazy koncentracji przed podniesieniem sztangi obliczono wskaznik
czotowej asymetrii alfa (FAI) wedlug wzoru zaproponowanego przez Coana i Allena

(2003).

Wieloczynnikowa analiza wariancji (ANOVA) wykazala istotne zrdznicowanie
wskaznikow FAI ze wzgledu na poziom obcigzenia zewngtrznego oraz w odpowiedzi na
zrealizowany program treningowy. Odnotowano takze istotne réznice w przebiegu
wspomnianych zmian ze wzgledu na poziom zaawansowania zawodnikow (AG vs IG).
W grupie AG wykazano istotne réznice wskaznika FAI migdzy 65%1RM, a 35%1RM,
a grupie IG migdzy 35%IRM, a 50%, 65% i 80%1RM. Wykazano, ze istotnym
czynnikiem warunkujagcym efekty treningu silowego z wykorzystaniem EEG
biofeedback jest poziom zaawansowania treningowego zawodnikow. Stwierdzono, ze
im sportowiec skuteczniej wykorzystuje motywacjg, tym bardziej efektywny jest trening

sitowy. W rezultacie mozna oczekiwaé lepszych rezultatow sportowych.

Zebrane w niniejszym badaniu do$wiadczenia sklaniaja do stwierdzenia, ze EEG
biofeedback moze by¢ przydatnym w procesie szkolenia sportowego narzedziem do

wspierania funkcji mézgu w treningu sity.
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3.1.2 Artykut 2: The Effects of EEG Biofeedback Training on Visual
Reaction Time in Judo Athletes

Celem badan sformutowanym w drugim artykule byto okreslenie czy wptyw programéw
treningowych z wykorzystaniem EEG biofeedback na czas reakcji bedzie zréznicowany

ze wzgledu na czestotliwos$¢ sesji 1 czas trwania sesji u zawodnikéw judo?

W badaniu wzieto udziat 24 zawodnikoéw kadry narodowej Polskiego Zwigzku Judo.
Wybrang grupe losowo podzielono na dwie podgrupy: eksperymentalng i kontrolna.
Badanie przeprowadzono w czterech cyklach réznigcych sie czgstotliwoscig i czasem
trwania sesji neurofeedbacku (NFB), zard6wno w grupie kontrolnej, jak i
eksperymentalnej. Pierwszy cykl treningowy sktadat si¢ z 15 sesji szkoleniowych,
prowadzonych co drugi dzien, a kazda sesja trwata 10 min. W drugim cyklu badawczym
wzrosta czgstotliwos$¢ sesji treningowych, natomiast czas trwania kazdej sesji ulegh
skroceniu. Sesje szkoleniowe odbywatly si¢ codziennie, a kazda sesja trwata 4 minuty. W
trzecim cyklu badawczym treningi odbywaly si¢ codziennie, jednak ich czas trwania
zostal wydluzony do 10 min. Ostatecznie czwarty cykl badawczy skladal si¢ z
4minutowych sesji szkoleniowych odbywajacych si¢ co drugi dzien. Wszystkie cztery
cykle badawcze przeplatane byly czterotygodniowa przerwa. Podczas kazdej sesji
treningowej we wszystkich cyklach doktadnie monitorowano procent czasu spgdzonego
powyzej progu. Prog ten zwickszono w przypadku fal wzmocnionych i w dot w
przypadku fal zahamowanych. Wplyw treningu NFB na czas reakcji wzrokowej
zawodnikow judo oceniano za pomoca komputerowych prostych i ztozonych testow

czasu reakcji wraz z wybranymi probami Vienna Test System (VTS).

Trening EEG biofeedback wykonywany byt przy uzyciu oprogramowania Biograf Infiniti
6.0 oraz 5 — kanalowego urzadzenia dekodujacego ProComp5 z sensorem EEG,
pozwalajacego na odbior wysokiej jakosci sygnatu o niskiej zawartosci szumow. Jakos¢
urzadzenia potwierdzona zostala certyfikatem ISO oraz certyfikatem medycznym CE.
Przed przystapieniem do rejestracji sygnatu EEG kazdorazowo sprawdzano poziom
impedancji elektrod oraz migdzyelektrodowy za pomocg wbudowanego czujnika
impedancji. Warunkiem rozpoczgcia diagnozy oraz treningu EEG biofeedback byto uzy-
skanie poziomu impedancji ponizej 5 kQ oraz pomiaru mi¢dzy elektrodami r6éznigcego

si¢ od siebie nie wiecej niz o 1 kQ.
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Kazda sesja treningowa w poszczegdlnych cyklach zostala poprzedzona wykonaniem
3minutowej jednokanatowej diagnozy EEG z trzema odprowadzeniami o podiaczeniu
referencyjnym. W tym czasie osoba badana proszona byta o wykonanie nastepujacych
czynno$ci: pozostawanie w pozycji siedzacej z oczami otwartymi przez okres jednej
minuty, pozostawanie w pozycji siedzacej z oczami zamknig¢tymi przez okres jednej
minuty, pozostanie w pozycji siedzacej z oczami otwartymi z dodatkowym zadaniem
aktywizujagcym w postaci odliczania od tylu co 7 od 100. W czasie diagnozy elektroda
referencyjna umieszczana byta na lewym ptatku ucha, uziemienie na prawym, a elektroda
aktywna w punkcie Cz, zgodnie z mi¢dzynarodowym systemem 10 — 20 (zob.ryc.1).
Podczas treningu EEG biofeedback natomiast elektroda aktywna umieszczana byla w
punkcie C3, co umozliwito realizacj¢ gtdéwnego celu szkolenia, jakim bylo ksztattowanie
zdolnosci utrzymywania optymalnej rownowagi pomig¢dzy czynnoscig fal szybkich (beta)
oraz fal wolnych (theta), odpowiedzialnych za osiaganie stanu koncentracji oraz
skupienia przez zawodnika. W trakcie kazdej sesji EEG biofeedback kontrolowany byt
réwniez procent czasu powyzej progu, stanowigcy gldwna miare postepu badanego, co

umozliwilo optymalizacj¢ poziomu trudnosci treningu dla kazdego zawodnika.
W rezultacie prezentowanego badania odnotowano, ze:

1. Najwigkszg poprawe czasow reakcji uzyskano w przypadku zadan o charakterze
ztozonym, co wskazuje na duza skuteczno$¢ treningu EEG biofeedback w
doskonaleniu tej zdolnosci.

2. Najwigksza efektywno$¢ treningu EEG biofeedback w doskonaleniu czaséw
reakcji ztozonej zaobserwowano w wyniku przeprowadzenia czterominutowych
sesji szkoleniowych 0 zmniejszonej czestotliwoscei, natomiast
dziesigciominutowy trening o zwigkszonej czestotliwosci okazat sie
najkorzystniejsza konfiguracja w przypadku doskonalenia szybkosci reakcji

proste;.
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3.1.3 Artykul 3: Influence of Beta and Theta waves as predictors of simple and
complex reaction times in examined groups of judo athletes during the Vienna
test

Celem tego badania bylo sprawdzenie ktére fale, Theta czy Beta, s3 istotnymi
predyktorami czasow reakcji prostych i ztozonych wizualnych u zawodnikow judo? W
badaniu wzieto udzial 24 zawodnikéw judo, wybranych metoda doboru mieszanego
(celowego i losowego). Badanie przeprowadzono w dwoch cyklach, zréznicowanych pod
wzgledem czgstotliwosci, ale o takim samym czasie trwania sesji EEG biofeedbacku,
zarowno w grupie kontrolnej, jak i eksperymentalnej. Pierwszy cykl badania sktadat si¢
z 15 sesji odbywajacych sie co drugi dzien. Kazda sesja treningowa trwata 4 minuty i byta
modyfikacja treningu Dupee (2016). Druga seria badan, ktéra odbyla si¢ po
szesciotygodniowej przerwie, byta modyfikacja programu szkoleniowego Thompsona
(2008), charakteryzujaca si¢ wigksza czestotliwoscia spotkan (codziennie), przy czym
czas trwania jednej sesji szkoleniowej pozostal taki sam jak w poprzednim cyklu, tj. 4
minuty. Podczas kazdej sesji monitorowano procent czasu powyzej progu, ktory
korygowano w gore lub w dot dla fal wzmocnionych i hamowanych, tak aby poziom
trudnosci treningu byt optymalny i dostosowany do indywidualnych postgpow kazdego
sportowca. Podstawowym protokotem treningowym w grupie eksperymentalnej byt
trening betal/theta, stosowany w celu zwickszenia koncentracji 1 uzyskania tzw.
»,Zawezenia uwagi” u sportowcoéw. Wpltyw treningu neurofeedbacku na szybkos$¢ reakcji
wzrokowej zawodnikow judo zweryfikowano na wybranych probkach z Vienna Test
System (VTS).

Wszyscy ochotnicy byli zdrowi i zostali poinstruowani, aby na 12 godzin przed badaniem
unikali przyjmowania lekéw, alkoholu 1 substancji (takich jak kofeina i napoje
energetyczne).

Dodatkowo, na 24 godziny przed badaniem, zalecono wszystkim ochotnikom, aby
wstrzymali si¢ od wyczerpujacych ¢wiczen oporowych. Uczestnicy poinformowani o
protokole badania, potencjalnym ryzyku i korzysciach ptynacych z badania, a nast¢pnie
otrzymali pisemng informacj¢ zgod¢ na udziat w badaniach. Trening EEG biofeedback

przeprowadzono przy uzyciu urzadzenia EEGDigiTrack MultiEEG 32, ktorego jakos¢
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zostata potwierdzona certyfikatami ISO i CE. Przed rejestracja sygnatu EEG sprawdzano
poziom impedancji poszczeg6lnych elektrod i pozioméw migdzyelektrodowych czas za
pomoca wbudowanego czujnika impedancji. Aby rozpocza¢ diagnostyke EEG
biofeedbacku 1 treningu konieczne byto osiagnigcie poziomu impedancji ponizej 5 kQ.
Nastepnym krokiem bylo sprawdzenie czy migdzy elektrodami pomiary rdznig si¢ nie
wigcej niz o 1 kQ. Kazda sesja treningowa w kazdym cyklu byta poprzedzona 3minutowa
diagnostyka jednokanalowa. W tym czasie uczestnicy zostali poproszeni o wykonanie
nastepujacych zadan: usigs$é, otwdrz oczy na jedng minute, usigdz z zamknigtymi oczami
na jedng minutg, usigdz z otwartymi oczami z dodatkowym zadaniem aktywacji
odliczania o 7 ze 100. Podczas odniesienia elektrody diagnozy, elektrod¢ referencyjna
przymocowano do lewego ptatka ucha, elektrode uziemiajaca przymocowano wedlug
mi¢dzynarodowego badania, do prawego ptatka ucha i elektrody aktywnej w punkcie Cz,
zgodnie z system 10-20 (zob.ryc.1). Podczas treningu EEG Biofeedback do elektrody
aktywnej przymocowano elektrode aktywna dla punktu C3, pozwalajacy na osiagnigcie
glownego celu treningowego (wyksztalcenie umiejg¢tnosci utrzymania optymalnej
réwnowagi pomi¢dzy dzialaniem fal szybkich (beta) i wolnych (theta). Podczas kazdej
sesji biofeedbacku EEG procent czasu powyzej progu, tj. glowny miernik postepow, byt
takze monitorowany w celu optymalizacji poziomu trudnosci treningu kazdego
sportowca. Zarejestrowane sygnaty filtrowano w zakresie od 2 do 40 Hz. Wszystkie
sygnaly zostaly sprawdzone wizualnie przez eksperta, a okresy wolne od artefaktéw
wybrano recznie i poddano dalszej analizie. Informacje zwrotne na podstawie aktywnos$ci
zarejestrowanej przez elektrode C3 przedstawiono w formie wizualnej 1 formie
stuchowej. Podczas szkolenia uczestnicy zostali poproszeni o kontrole wyswietlanych
obrazow na ekranie komputera tak, aby wyswietlany samolot caly czas lecial. Samolot
byl w ruchu, spetniajac nastepujace warunki: amplitudy theta (4—7,5 Hz) i pasma beta2
(20-30 Hz) pozostaly ponizej ustalonego progu, a amplitudy SMR (12—-15 Hz) i betal
(13-20 Hz) utrzymywaly si¢ powyzej ustalonego progu. Skutecznemu ruchowi samolotu

towarzyszyt wzmacniajacy sygnat akustyczny.

Wyniki tego badania wskazuja, ze fale Theta sg istotnymi (p=0.001) predyktorami czasow
reakcji prostych i ztozonych wizualnych u zawodnikéw judo. Wyniki analizy regres;ji
pokazaty, ze zmienne Theta miaty istotny wpltyw na czas reakcji w badanej grupie

eksperymentalnej. Oznacza to, ze aktywno$¢ fal Theta w mozgu judokéw moze by¢
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kluczowym czynnikiem determinujacym szybkos¢ reakcji zarowno na bodzce proste, jak
1 ztozone. Natomiast fale Beta, chociaz rowniez wykazaty istotno$¢ statystyczng, miaty
mniejszy wplyw na czas reakcji w poréwnaniu do fal Theta.

Badania wykazaty, ze sportowcy z grupy eksperymentalnej w wyniku wdroZenia
protokotu betal/theta istotnie statystycznie poprawili czas reakcji prostych i ztozonych
po kazdym cyklu treningowym. Podobnych zmian nie zaobserwowano w grupie
kontrolnej. Wyniki sugeruja, ze trening neurofeedbacku moze znaczaco poprawic
umiejetnosci reakcji w konteks$cie sportowym. Jednak dla pehiejszego zrozumienia i

potwierdzenia tych efektow konieczne sg dalsze dobrze kontrolowane badani.
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4. Wnioski

W oparciu o uzyskane wyniki pomiaréw i analiz w prezentowanym monotematycznym

cyklu publikacji niniejszej dysertacji, sformulowano nastgpujace wnioski:

1.

Motywacja zawodnikoéw zaawansowanych poprawita si¢ szczegoOlnie podczas
pokonywania obcigzenia 100% 1RM po zastosowaniu treningu EEG biofeedback.
Wyniki badania sugeruja, ze zastosowany protokot treningu EEG biofeedback moze
by¢ skuteczng metoda poprawy motywacji podczas wykonywania wysitku fizycznego,

szczegblnie u zawodnikéw zaawansowanych..

Najlepsza efektywnos$¢ treningu EEG biofeedback w poprawie czasow reakcji
ztozonych zaobserwowano po przeprowadzeniu sesji szkoleniowych trwajacych 4
minuty, wykonywanych co drugi dzien. Natomiast w przypadku czasow reakcji
prostych najkorzystniejszym okazat si¢ trening trwajacy 10 minut. Oznacza to, ze
skuteczno$¢ treningu EEG biofeedback moze zaleze¢ od czgstotliwosci sesji oraz ich

czasu trwania.

Wyniki wskazuja, ze fale theta sg lepszym predyktorem czaséw reakcji ztozonych w
treningach o wigkszej czestotliwosci, podczas gdy fale beta lepiej przewiduja czas
reakcji w treningach o mniejszej czestotliwosci. Oznacza to, ze skutecznos$¢ treningu
EEG biofeedback w poprawie czasow reakcji moze by¢ zwigzana z rodzajem fal

moézgowych i czgstotliwoscig treningow.
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5. Podsumowanie

Reasumujac stwierdzono, iz trening EEG biofeedback moze by¢ skutecznym narzgdziem do
wspierania treningu sitowego, zwlaszcza w kontek$cie poprawy motywacji. Zwigkszenie
poziomu fal Beta korzystnie wplywa na czas reakcji ztozonej po sesjach EEG biofeedback o
mniejszej czestotliwosei (co drugi dzien) niz wigkszej czestotliwosci (codzinnie). Natomiast
zmniejszenie poziomu fal Theta korzystnie wptywa na czas reakcji prostej, bez zasadniczej
réznicy wzgledem czgstotliwosci treningdéw EEG biofeedback.

Z ostroznosci nalezy podkresli¢, ze wnioski te odnosza si¢ jedynie do badanych grup
zawodnikow, wszelkie uogdlnienia bytyby zasadne po przeprowadzeniu badan na wigksza
skale, z udziatem zawodnikéw innych sportow i z uwzglednieniem specyficznego kontekstu
szkoleniowego. Co wazne, treningi EEG biofeedback maja charakter osobniczy i w bardzo
duzej czesci zalezg od indywidualnych umiejetnosci i predyspozycji sportowcoOw. Zatem w
praktyce trenerskiej powinny by¢ dostosowane indywidualnie do poszczegélnych
zawodnikow, w celu uzyskania jak najlepszego efektu.

Poza prezentowanymi wnioskami o charakterze poznawczym, warto podkresli¢
spostrzezenia natury aplikacyjnej. W rezultacie niniejszych badan pojawila si¢ przestanka
wskazujaca na potrzebe dostosowania protokotow treningowych do konkretnych celow
poprawy czasOw reakcji. Rezultaty niniejszych badan sugeruja, ze efektywnos¢ treningu
EEG biofeedback w poprawie czasow reakcji moze zaleze¢ zarowno od czgstotliwosci sesji,
jak 1 ich czasu trwania. Sesje treningowe trwajace 4 minuty, wykonywane co drugi dzien,
okazaty si¢ najbardziej skuteczne w poprawie czaséOw reakcji ztozonych, podczas gdy dla
czasOw reakcji prostych najlepszym okazat si¢ trening trwajacy 10 minut.

Wyniki prezentowanych badan wskazuja na istotng poprawe motywacji u zawodnikow
zaawansowanych podczas wykonywania wysitku fizycznego po zastosowaniu treningu EEG
biofeedback. Dla zawodnikéw $redniozaawansowanych efekt ten wydaje si¢ by¢ bardziej
naturalny, wynikajacy z do$wiadczenia. Jest to wazna obserwacja, sugerujaca, ze trening
EEG biofeedback moze by¢ szczegdlnie skuteczny w poprawie motywacji wsrod
zawodnikOw na wyzszym poziomie zaawansowania.

Prezentowane badania sugeruja takze, ze skuteczno$¢ treningu EEG biofeedback w

poprawie czaséw reakcji moze by¢ zwigzana z doborem rodzaju fal moézgowych i
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czestotliwoscig treningéw. Fale theta okazaly si¢ lepszym predyktorem czaséw reakcji
ztozonych w treningach o wigkszej czgstotliwosci, podczas gdy fale beta lepiej przewiduja
czas reakcji w treningach o mniejszej czgstotliwosci. Ta obserwacja moze by¢ kluczowaprzy

projektowaniu spersonalizowanych programow treningowych opartych na EEG biofeedback.

Doswiadczenia przy realizacji niniejszych badan sugeruja takze, nowe kierunki dalszych

badan. Istotnym kierunkiem dalszych badan moze by¢:

1. Ocena skutecznosci treningu EEG biofeedback w grupie sportowcow o niskim
poziomie zaawansowania. Porownanie efektéw treningu na réznych poziomach
zaawansowania moze dostarczy¢ cennych informacji na temat potencjalnych korzysci i
ograniczen tej metody dla ré6znych grup.

2. Okreslenie  dlugoterminowych efektow oddziatywania treningu EEG
biofeedback na motywacj¢ i czasy reakcji. Monitorowanie zmian parametrOw w ciggu
dhuzszego czasu niz tygodni moze dostarczy¢ glebszego zrozumienia trwalego wptywu tej
metody na osiagi sportowe. Nie jasne takze, jak dlugo utrzymuja si¢ osiggnigte rezultaty.

3. Okreslenie wplywu treningu EEG biofeedback na czas reakcji u elitarnych
zawodnikow judo w warunkach hipoksji normobarycznej i normoksji, ktore mogg stanowié
istotny wktad w zrozumienie adaptacji fizjologicznych oraz psychologicznych zachodzacych
Ww organizmie sportowcow podczas treningu w roznych warunkach atmosferycznych. Wyniki
takiego badania moga przyczyni¢ si¢ do opracowania bardziej spersonalizowanych
protokotow treningowych, uwzgledniajacych specyficzne potrzeby i warunki sportowcow,
co mogtoby przynies¢ korzysci nie tylko dla osiggnie¢ sportowych, ale takze dla ogdlnego
zdrowia 1 kondycji zawodnikdéw. Ponadto, pordwnanie efektow treningu w warunkach
hipoksji 1 normoksji moze dostarczy¢ cennych wskazowek dotyczacych optymalnego
wykorzystania treningu EEG biofeedback w r6znych kontekstach, co moze mie¢ znaczenie
nie tylko dla srodowiska sportowego, ale takze dla innych dziedzin, takich jak rehabilitacja
czy terapia.

Podsumowujac, prezentowane badania dostarczaja istotnych informacji na temat
potencjalnych korzysci treningu EEG biofeedback dla poprawy motywacji i czaséw reakcji
u sportowcow, jednocze$nie wskazujac na potrzebe dalszych badan, aby lepiej zrozumie¢ i

wykorzysta¢ te¢ metode w praktyce sportowe;.
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7.Streszczenie w jezyku polskim

Podstawowym celem procesu treningowego jest maksymalizacja osiagni¢¢ sportowych poprzez
mi¢dzy innymi doskonalenie umiej¢tnosci technicznych i taktycznych sportowcéw oraz
podnoszenie poziomu motorycznej gotowosci zawodnikow. W tym procesie coraz wicksza
uwage trenerdw i badaczy skupia trening mentalny. Taki trening realizowany jest czgsto w
polaczeniu z wykorzystaniem elektroencefalografii (EEG) ze zwrotnym sprzezeniem, stad
nazwa treningu tego EEG biofeedback. Dotychczasowe ustalenia naukowe sugeruja, ze wigksza
wytrzymato$¢ fizyczna i posrednio psychiczna sportowca, w tym ich zdolno$¢ do koncentracji
uwagi pod presja konkurencji, znaczagco wptywa na poprawe wynikow podczas zawodow
(Anderson 1 wsp. 2014; Chen i wsp. 2022; Christie i wsp. 2015; Dupee i wsp. 2011). Wysoka
koncentracja uwagi (skupienia si¢ na okre§lonym zadaniu) i powigzana z nig podwyzszona
czujno$¢ (gotowos¢ do zareagowania na bodZce zewngtrzne) osiggana w optymalnych
warunkach pobudzenia uktadu nerwowego, moga usprawnic procesy poznawcze i skréci¢ czas
reakcji (Dupee i wsp. 2015; Dupee 1 wsp. 2016; Eckner i wsp. 2010; Engel 1 wsp. 2010).
Przy tym, nie mozna pomija¢ osobniczych predyspozycji przyswajania nowych umiej¢tnosci.
Wprowadzanie nowoczesnych technik zarzadzania pobudzeniem w ramach treningu
mentalnego zawodnikéw, takich jak szkolenie metoda EEG biofeedback oraz opracowanie
optymalnych protokolow treningowych zwigkszajacych potencjal zawodnikéw moze stanowic
istotny wktad w rozwoj dotychczasowej bazy narzedzi stosowanych w dziedzinie psychologii
sportu. Przeprowadzone do tej pory badania wskazuja, ze sportowcy w wyniku treningu EEG
biofeedback moga nauczy¢ si¢ generowania i utrzymywania okreslonej aktywnosci neuronalnej
mozgu.

Podsumowujac, osiggnigcia sportowe sg determinowane przez zlozong interakcj¢ réznych
czynnikow, w tym motywacji, treningu i obcigzenia zewngtrznego. Sposob, w jaki te czynniki
oddziatujg na siebie, moze mie¢ istotne konsekwencje dla zdolnosci sportowca do osiggania
najlepszych wynikow. W szczegdlnosci wptyw rdéznic w motywacji na osiggnigcia moze by¢
znaczacy, zwlaszcza w przypadku aktywnos$ci o wysokiej intensywnos$ci, takich jak
podnoszenie ciezarow. Cwiczenie na lawce plaskiej jest podstawa wielu programéw
treningowych sity i kondycji, wymaga zar6wno wysitku fizycznego, jak i mentalnego, aby

zosta¢ wykonane poprawnie.
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Przedstawione w niniejszej dysertacji trzy prace empiryczne zmierzaty do okreslenia
mozliwo$ci poprawy motywacji oraz czasu reakcji poprzez zastosowanie ukierunkowanego
treningu EEG biofeedback. W tym celu, jedno z badan ukierunkowane bylo na okreslenie
wptywu treningu EEG biofeedback na motywacje zawodnikow tréjboju sitowego podczas
¢wiczenia wyciskania na tawce w zaleznoSci od obcigzenia zewngtrznego i poziomu
wytrenowania. W kolejnym badaniu oceniano wptywu treningu EEG na czas reakcji
zawodnikow kardy narodowej judo, a takze podjeto dzialania ukierunkowane na opracowanie
optymalnego protokotu treningu EEG pod wzgledem liczby sesji i czasu ich trwania.
Natomiast, gtéwnym celem trzeciego prezentowanego badania, bylo okreslenie, ktére fale
Theta czy Beta, sg istotnymi predyktorami czaséw reakcji prostych i ztozonych w Wiedenskim
Systemie Testow.

Wsp6lnym mianownikiem tych badan bylo zastosowanie technologii EEG biofeedbacku
w konteks$cie poprawy zaréwno motywacji, jak i czasOw reakcji prostej i1 ztozoneju
sportowcow. Ostatecznym celem bylo okreslenie efektow oddziatywania metody
biofeedbacku EEG na wybrane cechy zdolnosci do rywalizacji i treningu sportowego.
Badania ukierunkowane zostaly na takze na okre$lenie zwigzkéw migdzy aktywnoscia
moézgu a psychologicznymi oraz fizycznymi aspektami osiggni¢¢ sportowych.

W pierwszym badaniu celem pracy bylo okreslenie wplywu treningu EEG biofeedback
na motywacj¢ 1 wydolno$¢ zawodnikow trojboju sitowego podczas ¢wiczenia wyciskania na
tawce, w zalezno$ci od obcigzenia zewngtrznego i poziomu wytrenowania.

Celem drugiej publikacji byto, sprawdzenie ktéra z wybranych modyfikacji treningu
EEG biofeedback bedzie skuteczniej ksztattowac czas reakcji w treningu zawodnikow judo
pod katem czasu trwania jednostki treningowej dla zawodnikow judo klasy mistrzowskie;.

Celem trzeciej publikacji bylo sprawdzenie, ktore z fal, Theta czy Beta to istotne
predyktory wizualnych czaséw reakcji prostych i zlozonych podczas testu wiedenskiego,
wykorzystujace modelowanie regresyjne.

Podsumowujac trzy wyzej omowione badania mozna stwierdzi¢, ze trening EEG
biofeedback moze by¢ skutecznym narz¢dziem do wspierania treningu sitowego, zwtaszcza
w konteks$cie poprawy motywacji. Zwigkszenie poziomu fal Beta korzystnie wplywa na czas
reakcji ztozonej po sesjach EEG biofeedback o mniejszej czgstotliwosci (co drugi dzien) niz
wigkszej czgstotliwosci (codziennie). Natomiast zmniejszenie poziomu fal Theta korzystnie
wpltywa na czas reakcji prostej, bez zasadniczej roznicy wzgledem czgstotliwosci treningdw

EEG biofeedback.
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8.Summary

The primary goal of the training process is to maximize athletic achievements by refining the
technical and tactical skills of athletes and enhancing their level of motor readiness. In order to
achieve increasingly better sports results, mental training plays a growing role, primarily
through improvements in endurance and reaction times. This is often implemented in
conjunction with EEG biofeedback training. Existing scientific findings suggest that greater
physical endurance and indirectly, the mental resilience of athletes, including their ability to
concentrate under competitive pressure, significantly impact performance improvement during
competitions (Anderson et al. 2014; Chen et al. 2022; Christie et al. 2015; Dupee et al. 2011).
High concentration and the associated heightened alertness achieved under optimal conditions
of nervous system arousal can enhance cognitive processes and reduce reaction times (Dupee
et al. 2015; Dupee et al. 2016 ; Eckner et al. 2010; Engel et al. 2010).

Of course, individual predispositions for acquiring new skills cannot be overlooked at this point.
Introducing modern arousal management techniques within the mental training of athletes, such
as EEG biofeedback training and the development of optimal training protocols to enhance the
potential of athletes, can contribute significantly to the evolution of the existing tools used in
the field of sports psychology. Studies conducted thus far indicate that athletes can learn to
generate and maintain specific brain neuronal activity through EEG biofeedback training.

In summary, athletic achievements are determined by the complex interaction of various factors,
including motivation, training, and external stress. The way these factors interact can have
significant consequences for an athlete's ability to achieve optimal results. In particular, the
impact of differences in motivation on performance can be significant, especially in
highintensity activities such as weightlifting. Bench press exercise is fundamental to many
strength and conditioning training programs, requiring both physical and mental effort to be
executed correctly.

The three empirical studies presented in this dissertation aimed to determine the potential
improvement of motivation and reaction time through the application of targeted EEG
biofeedback training. One study focused on assessing the impact of EEG biofeedback training
on the motivation of powerlifting athletes during bench press exercises, considering external

load and training level. In another study, the influence of EEG training on the reaction time of
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national judo athletes was evaluated, and an attempt was made to develop an optimal EEG
training protocol in terms of the number of sessions and their duration. Meanwhile, the main
goal of the third presented study was to determine which Tetra or Beta brainwaves are
significant predictors of simple and complex reaction times during the Vienna test.

The common denominator of these studies was the application of EEG biofeedback technology
to improve both psychological (motivation) and physical (simple and complex reaction time)
aspects in athletes. The ultimate aim was to understand how these methods could contribute to
optimizing training and athletic achievements. The studies sought to identify connections
between brain activity and psychological as well as physical aspects of athletic achievements.
In the first study, the aim of the study was to determine the effect of EEG biofeedback training
on the motivation and performance of powerlifting athletes during bench press exercises,
depending on the external load and training level.

The aim of the second publication was to check which of the selected modifications of EEG
biofeedback training will be more effective in shaping the reaction time in the training of judo
players in terms of the duration of a training unit for champion-class judo players.

The aim of the third publication was to check which of the waves, Theta or Beta, are significant
predictors of visual simple and complex reaction times during the Vienna test, using regression
modeling.

Summarizing the three studies discussed above, it can be concluded that EEG biofeedback
training can be an effective tool to support strength training, especially in the context of
improving motivation. Increasing the level of Beta waves has a positive effect on complex
reaction time after EEG biofeedback sessions with lower frequency (every other day) than with
higher frequency (daily). However, reducing the level of Theta waves has a positive effect on
simple reaction time, with no significant difference compared to the frequency of EEG

biofeedback training.
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1IN T RO/ D U C T 1O N

Athletic strength is determined by a complex interaction of various
factors, including motivation, EEG-biofeedback training, and external
load. The way in which these factors affect each other can have
significant implications for an athlete’s ability to perform at their best.
In particular, the impact of differences in motivation on performance
can be substantial, especially when it comes to high-intensity ac-
tivities such as weightlifting. The bench press exercise is a staple in
many strength and conditioning programs, and it requires both
physical and mental effort to perform correctly.

The link between perception and thinking expresses motivation as
a certain mental state of tension. In psychological terms, a mental
process, is the foundation of involvement in activities, translating di-
rectly into the quality and effect of action, which, in the case of sports,
can influence the athlete's performance [1]. Concentration plays a cru-
cial role in strength sports, which are characterized by a tendency to
continually enhance the level of technique of the performed task. At-
tention is a neuropsychological process consisting of a specific con-
centration of cognitive functions on a particular task or the precise
awareness of active inputs [2]. Athletes at the professional level ex-
perience less satisfaction from the training phases, which may be

a reflection of their understanding of the fundamental goal of sports
practice. Sufficiently strong motivation focused on a specific objec-
tive in an era of regular, frequently repetitive training, is a crucial psy-
chological factor impacting elite training [3]. The brain’s bioelectri-
cal activity may reflect mental states, including, in the case of sports,
the athlete’s capacity to perform a motor task. The bioelectrical ac-
tivity of the brain is dynamic and can be influenced by both external
and internal factors, such as the athlete's mental state. Electroen-
cephalography is able to monitor this process (EEG). Changes in brain
electrical activity are seen in real-time, and distinct frequency rang-
es in specific parts of the cortex. They are associated with a variety
of emotional states, including motivation [4, 5]. The motivational fac-
tor is very significant in terms of performance, especially with pro-
gressive loads in powerlifters. Bench press (BP) is a complicated
multi-joint exercise that activates several upper-body muscle groups,
allowing to lift large external loads that demand a high level of neu-
romuscular activation. One of the most popular powerlifting events
is the bench press because it is a separate competition in which the
world championships are held. The results produced by strongmen
in this competition are mostly the product of developed motor
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abilities, technique, and dedication (mental attitude). Due to the
strength-building potential of the bench press and the popularity of
bench press competitions, it is frequently utilized for training, test-
ing, and research [6]. Bench press kinematics [7], the effectiveness
of various chest exercises [8], the impact of an unstable surface on
upper body muscle activation [9], effects of fatigue [10], and moti-
vational analysis of BP exercises with maximum and submaximal
loads have been the subject of previous research {11, 12, 13].

Training athletes’ motivation can be associated with various as-
pects of brain functioning, including those related to EEG (electroen-
cephalography) and FAI (functional asymmetry of the brain). FAI re-
fers to differences in electrical activity between the two hemispheres
of the brain. A typical phenomenon measured in FAl is the asymme-
try of activity between the left and right hemispheres. Research in
the field of sports psychology suggests that athletes’ motivation may
be related to the asymmetry of brain activity, especially in areas re-
lated to emotions and reward processing. Some studies suggest that
greater activity in the left hemisphere of the brain may be associat-
ed with higher motivation and positive emotions, while greater activ-
ity in the right hemisphere may be associated with negative emotions
and lower motivation [3,4,5].

In the context of training athletes’ motivation, monitoring FAI us-
ing EEG can be useful for understanding which training strategies are
most effective for a specific athlete. If an athlete shows lower moti-
vation and greater activity in the right hemisphere of the brain, coach-
es can focus on strategies aimed at balancing this brain activity through
training techniques that may promote greater activity in the left hemi-
sphere of the brain, such as positive reinforcement, visualization of
success, or relaxation techniques [2,3]. In this way, tracking FAI
through EEG can be a diagnostic tool in sports psychology, helping
to tailor training strategies to the individual needs and brain charac-
tenistics of the athlete, which can lead to improvements in their mo-
tivation and sports achievements [2,3,4,5].

Resuming, athletic performance is determined by a complex in-
teraction of various factors, including motivation, training, and ex-
ternal load. The way in which these factors affect each other can
have significant implications for an athlete's ability to perform at their
best. In particular, the impact of differences in motivation on perfor-
mance can be substantial, especially when it comes to high-inten-
sity activities such as weightlifting. The bench press exercise is a sta-
ple in many strength and conditioning programs, and it requires both
physical and mental effort to perform correctly.

Therefore, the aim of this study was to determine the impact of
EEG-biofeedback training on the motivation and efficiency of pow-
erlifters during bench press exercises in relation to the external load
and training level.

MATERIALS AND METHODS m—
Participants

The study included 20 trained powerlifters with a minimum of 4 years
of training experience (= 0.5 years) and 20 powerlifters with at least
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7 years of training experience (+ 0.5 years). Age 24 + 0.5 years and
right-handedness were additional criteria for inclusion in the research
groups (scores above 35 points on a scale of 39 points) [14]. Russ-
kam expresses 29 moods and emotions with three levels of intensi-
ty [15]. Based on the results of the Russkams set, we removed four
athletes (two from each group) from further testing. We made this
decision whenever the participant marked feeling at least one of the
negative emotions at the highest level. Two study groups were formed
as a consequence of the random selection of every second competitor
from each list for the appropriate tests: the intermediate group
(IG n = 9) and the advanced group (AG n = 9) (Table 1). The par-
ticipants were informed orally and in writing about the experimental
methodology, and the potential of withdrawal at any time, and pro-
vided written consent to take part in the study. EEG was used to
conduct the measurements in the Laboratory of Psychomator Fitness
and the Laboratory of Muscular Strength and Power at the Academy
of Physical Education in Katowice. The University Bioethics Commit-
tee for Research (7/2016 for NRSA 4 040 54) approved the research.

Research procedures

EEG measurements were conducted after a 72-hour break from any
weightlifting exercises. The studies were conducted in two cycles.
Individual measurement cycles were conducted over a 12-day pe-
riod (each), with 3 athletes per day. The interval between cycles was
8 weeks. The first cycle of research included an initial EEG measure-
ment based on the amount of external load. Next, biofeedback train-
ing was conducted for each athlete individually for a period of 8 weeks
(15 biofeedback training sessions). We trained on Fpl, Fp2 and Cz
points, promoting betal and SMR rhythms respectively. For each
competitor, we also checked the peak alpha frequency (PAF). The
frequency ranges did not require correction.

Motivational training was conducted every three days, lasting
27 minutes each time (5 x 3-minute intervals with recovery periods
— lying on a bench — between them 4 x 3 minutes), and ended with
a final EEG measurement in the second cycle of research.

EEG Measurement

The EEG recordings were conducted according to the procedures of
the International Federation of Clinical Neurophysiology and the
American EEG Society. The EEG was recorded using AG/AgCl scalp
electrodes, placed according to the international 10-20 system [16].
The EEG recording was made on a 24-channel Deused Truscan
system. The sampling frequency was 1024/s. Electrode impedance
was maintained below 5 kilohms. A 50 Hz mains filter and a high
and low-pass filter (respectively 1 and 40 Hz) were used. The ground-
ing electrode was placed on the ear. An airplane cushion pillow was
placed on the bench to reduce muscle artifacts on the neck. The
measurement started with a 2-minute EEG recording at rest. First,
the recording with closed eyes was checked due to epileptiform
electroencephalographic patterns or other abnormalities. The rest of
the recording and the entire analysis were performed with open eyes.
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Fifteen seconds before each bench press, attempt the subject's task
was to focus and motivate on the task. The rest intervals between
sets were 5 minutes. 15-s segments of the recording before the at-
tempt from electrodes F3 and F4 were analyzed and manually di-
vided into 1-s parts epochs. Those showing artifacts from addi-
tional co-occurring muscle activity were removed. The average result
was subjected to the Fast Fourier Transform. Spectral power (uV2)
at the alpha range (8-13 Hz) was exported. Finally, the alpha pow-
er of EEG electrodes F3 and F4 was log-transformed and the asym-
metry score of frontal alpha was calculated by subtracting the value
at F3 from the value at F4. Therefore, the Frontal Alpha Asymmetry
Index (FAI) was calculated for each concentration phase before lifting
the barbell according to the formula proposed by Coan and Allen [17].

Each EEG recording was assessed by a neurologist certified by
the Polish Society of Clinical Neurophysiology, who was blinded for
the subjects.

The Bench press procedures

The measurements were taken in 5 sessions with a 3-minute rest
interval between them to avoid potential effects of fatigue. The ses-
sions consisted of performing one repetition of a flat bench press
barbell with weights ranging from 35% of one repetition maximum
(1RM) to 100% 1RM. A standard warm-up protocol was applied for
each session, including a general warm-up (5 minutes) on a hand-
cranked cycle ergometer (heart rate at around 130 beats per minute)
and several strength exercises without external load that engaged the
upper and lower body. The 1RM value was determined according to
the Tilliar and Saeterbakken [10] protocol. The protocol included
a “free” barbell press on a horizontal bench. When approaching the
barbell press, the participants lay on their backs with EEG connected,
their heads resting on an inflatable pillow, their trunk supported on
the bench, their knees bent at a right angle at the knee joint, and
their feet resting on the floor. The barbell grip width, similar to the
static test, was 81 cm between the index fingers and was the

maximum allowed by the rules of the International Powerlifting Fed-
eration. One person (an experienced coach) controlled and secured
the participants during the press. The participants were instructed to
lower the barbell in a controlled manner until it touched the chest
and then, without stopping, to push it upward until full elbow joint
extension. The exercise protocol consisted of a total of 5 sessions that
allowed the determination of the variables: S35 — 1 repetition with
35% 1RM load; S50 — with 50% 1RM load; S65 — 1 repetition with
65% 1RM load, S80 - 1 repetition with 80% 1RM load, and S100
— 1 repetition with 100% 1RM load. The rest period between sessions
were 3 minutes, and the participants lay on the bench.

Statistical Analysis

Descriptive statistics, such as the arithmetic mean, standard deviation,
and coefficient of variation, were used to evaluate the level of analyzed
variables. The normality of the variables' distribution was checked
using the Shapiro-Wilk test. Levene’s test of homogeneity of vari-
ances was applied to verify the homogeneity of variables and determine
the statistical tools. The results of the tests clearly indicated that the
variables had a normal or near-normal distribution (p > 0.05).

The homogeneity of variances was examined before and after the
training sessions using Levene's test and it showed no similarities,
i.e., homogeneity for all variables. The values of the variables in both
groups after the training sessions in the Levene test were also
homogeneous.

Repeated measures ANOVA was applied to answer questions re-
garding testing hypotheses about the absence of differences between
the values of the individual variables describing the intergroup and
intragroup relationships.

The F statistic and level of significance were presented. A signifi-
cance level of p < 0.05 was accepted. Tukey’s post hoc tests for equal
sample sizes (N) were performed in case of significant differences.

All calculations were performed using the Statistica 15.0 analyt-
ical program (Statsoft) and the Excel package (Microsoft Office 13).
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FIG. 1. The intra-group differences in FAI (Frontal Alpha Asymmetry)
before biofeedback training, in relation to an external load for AG
group. * statistically significant differences.

FIG. 2. The intra-group differences in FAI (Frontal Alpha Asymmetry)
after biofeedback training, in relation to an external load for IG
group. * statistically significant differences.
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FIG. 3. The intergroup differences in FAl (Frontal Alpha Asymmetry)
before biofeedback training, in relation to an external load.
* statistically significant differences.

TABLE 1. Characteristics of the study groups (n = 18)

FIG. 4. The intergroup differences in FAI (Frontal Alpha Asymmetry)
before biofeedback training, in relation to an external load.
* statistically significant differences.

Group Advanced group Intermediate group

Variable - 4 SD * SD §
BM (kg) 82 2.512 81 1.821 0.781
BH (cm) 181 3 183 4 0.801
BMI (index) 24 1.721 25 1.688 0.832
PBF (%) 7 1.621 8 1.501 0.845
SMM (kg) 45 2.114 42 2.601 0.796

BM-Body mass; BH-Body height; BMI — Body Mass Index; PBF-Body fat percentage; SMM-Skeletal muscle mass.

TABLE 2. The result of the intergroup analysis of variance with repeated measures for the RH (right hemisphere) after biofeedback

training, in terms of external load

Advanced group Intermediate group
Group  External
load 35%IRM  50%IRM  65%IRM  80%IRM 100%IRM  35%IRM  50%IRM  65%IRM  80%IRM  100%I1RM
AG 35%1RM 0.510 0.550 0.989 0.120 0.937 0.989 0.989 0.989 0.855
AG 50%1RM 0.510 0.989 0.983 0.999 0.999 0.165 0.821 0.796 0.989
AG 65%1RM 0.550 1.000 0.989 0.998 0.999 0.186 0.850 0.827 0.989
AG 80%1RM 0.989 0.983 0.989 0.683 1.000 0.809 0.989 0.989 0.989
AG 100%I1RM 0.120 0.999 0.998 0.683 0.866 0.022 0.327 0.301 0.943
I 35%1RM 0937 0999 0999 0989 0866 0606 0997 0996 0989

IG 50%1RM 0.989 0.165 0.186 0.809 0.022 0.606 0.981 0.986 0.456
IG 65%1RM 0.989 0.821 0.850 0.989 0.327 0.997 0.981 0.989 0.984
IG 80%1RM 0.989 0.796 0.827 0.989 0.301 0.996 0.986 0.989 0.979
IG 100%1RM 0.855 1.000 0.989 0.989 0.943 1.000 0.456 0.984 0.979

IG — intermediate group, AG advanced group.
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TABLE 3. The result of the intra and intergroup analysis of variance with repeated measures for the FAI (Frontal Alpha Asymmetry)
before biofeedback training, in relation to an external load

Advanced group Intermediate group
Group  External
load 35%IRM  50%1RM  65%IRM  80%IRM 100%IRM 35%1RM  50%IRM  65%IRM  80%I1RM  100%1RM
AG 35%1RM 0.915 0.028 0.989 0.071 0.111 0.989 0.989 0.989 0.226
AG 50%1RM 0.915 0.575 0.987 0.795 0.882 0.952 0.802 0.842 0.971
AG 65%1RM 0.028 0.575 0.075 0.989 0.989 0.040 0.013 0.016 0.998
AG 80%1RM 0.989 0.987 0.075 0.170 0.247 0.989 0.989 0.989 0.430
AG 100%1RM 0.071 0.795 0.989 0.170 1.000 0.099 0.036 0.044 0.989
"6 35%IRM 0111 0882 0989 0247 0989 0015 0035 0049 0989
IG  50%1RM 0.989 0.952 0.040 0.989 0.099 0.015 0.989 0.989 0.290
IG  65%1RM 0.989 0.802 0.013 0.989 0.036 0.035 0.989 0.989 0.130
IG  80%IRM 0.989 0.842 0.016 0.989 0.044 0.039 0.989 0.989 0.155

IG 100%1RM 0.226 0.971 0.998 0.430 0.989 0.989 0.290 0.130 0.155

IG — intermediate group, AG advanced group.

TABLE 4. The result of the intra and intergroup analysis of variance with repeated measures for the FAI (Frontal Alpha Asymmetry)
after biofeedback training, in relation to an external load

Advanced group Intermediate group
Group  External
iad 35%IRM  50%I1RM  65%1RM  B80%IRM 100%IRM 35%1RM  50%I1RM  65%IRM  80%IRM  100%I1RM
AG 35%I1RM 0.272 0.029 0.819 0.003 0.034 0.965 0.966 0.751 0.003
AG 50%IRM 0.272 0.995 0.997 0.809 0.997 0.953 0.951 0.999 0.843
AG 65%1RM 0.029 0.995 0.731 0.999 0.989 0.450 0.446 0.801 0.989
AG 80%IRM 0.819 0.997 0.731 0.262 0.767 0.989 0.989 0.989 0.297
AG 100%1RM 0.003 0.809 0.999 0.262 0.998 0.106 0.104 0.326 0.989
16 35%IRM 0034 0997 0989 0767 0998 0025 0040 0042 0999
IG  50%IRM 0.965 0.953 0.450 0.989 0.106 0.025 0.989 0.989 0.124
IG  65%1RM 0.966 0.951 0.446 0.989 0.104 0.040 0.989 0.989 0.122
IG 80%1RM 0.751 0.999 0.801 0.989 0.326 0.042 0.989 0.989 0.366

IG 100%1RM 0.003 0.843 0.989 0.297 0.989 0.999 0.124 0.122 0.366

IG — intermediate group, AG advanced group.

TABLE 5. Results of the bench press exercise before and after biofeedback training in AG and IG groups with statistical significant
intra-group differences

Advanced group Intermediate group
Results before (kg) Results after (kg) p for AG Results before (kg) Results after (kg) p for IG
35%1RM 82 86 0.456 75 84 0.175
50%1RM 118 123 0.501 108 120 0.089
65%1RM 153 159 0.389 140 156 0.048*
80%1RM 188 196 0.278 172 192 0.035*
100%1RM 235 245 0.154 215 240 0.028*

* statistically significant differences; IG — intermediate group, AG advanced group.
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RIS U LTS
Repeated measures ANOVA showed no intra-group differences due
to external loading for RH (right hemisphere) and LH (left hemisphere)
variables obtained in EEG both before and after the biofeedback
training.

The same analysis shows intra-group differences due to external
loading for the FAI (Frontal Alpha Asymmetry) obtained in the EEG both
before and after the biofeedback training. In the AG group, the analy-
sis revealed significant differences between 65%1RM and 35%1RM,
while in the IG group significant differences between 35%1RM and 50,
65, and 80%1RM (Tables 3 and 4, Figures 1 and 2).

At the same time, the repeated measures ANOVA showed signif-
icant intergroup differences due to external load for the RH after bio-
feedback training and for the FAI both before and after biofeedback
training (Tables 2 to 4, Figures 3 and 4).

Table 5 shows the results of the bench press exercise before and
after 8 weeks of EEG-biofeedback training for both groups.

DISCUSSHO N 5 —
Athletes use a variety of methods and tools to improve their perfor-
mance and skills. One such innovation includes EEG biofeedback,
a training method that statistically monitors brain activity to improve
the efficacy of athletic training and, consequently, athletic perfor-
mance [18, 19, 20, 21, 22]. The studies presented in this paper
examine the effectiveness of bench press training using EEG biofeed-
back, as well as the impact of athletes” motivation, external load, and
training intensity (15 biofeedback sessions — 8 weeks).

One of the most important elements affecting the effectiveness of
a training program is the athlete's motivation. Highly motivated ath-
letes are more committed to their training and perform better [23, 24].
It has been proven that motivated athletes are more likely to perform
exercises correctly, which increases their [25, 26].

The research presented in this paper shows a statistically signifi-
cant difference of the increasing external load in terms of the strength
of positive motivation, especially in the case of loads of 50% 1RM,
60% 1RM, and 80% 1RM. Similar results were obtained by other
researchers [27, 28]. This applies not only to athletes who practice
strength sports. The dependencies of the external load in terms of
motivation and its use to improve the effectiveness of training have
been and are used in team sports games and athletic competi-
tions [12, 13, 18]. The size of the external load is an important fac-
tor affecting the effectiveness of training. According to scientific stud-
ies, muscle mass, and strength increase with progressive external
loads [29]. However, athletes’ motivation can be undermined by over-
use, and unwanted injuries can occur. As a result, it is essential to
select the external load properly during training based on the athlete's
fitness level [30, 311.

The level of training also has a parallel effect on the effectiveness
of training. Well-trained athletes perform better and are less likely to
be injured. Scientific studies have shown that the level of training af-
fects the effectiveness of training. An athlete's ability to motivate
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themselves during exercise increases with the level of training, which
translates into improved exercise performance.

The research presented in the paper shows that even small exter-
nal loads significantly change the athlete’s motivation, especially in
people with less training experience. The motivation of athletes, es-
pecially those with less training experience, decreases with increas-
ing external load. The procedure is different for experienced athletes.
At 80% 1RM and 100% 1RM, motivation increases most significant-
ly (determined by EEG). Although the standard deviation was not ex-
cessive, the biofeedback training aimed to improve the FAl and thus
increase motivation. However, in this study, the effect of this training
was particularly visible in the group of IG players. Particularly signif-
icant changes in the improvement of bench press efficiency after bio-
feedback training were obtained for external loads of 65-100% 1RM.
In the AG group, changes for the better were also noted, but they
were not statistically significant. Similar results have been demon-
strated by Standage and Ryan [32] and Xu [33]. This is because play-
ers with extensive experience are not as susceptible to biofeedback
training as less experienced players. Probably, a much stronger train-
ing stimulus must be used in the training of advanced
players [32, 331.

However, it is important to note that the amount of time an ath-
lete spends exercising is not the only factor that determines their lev-
el of preparation. While consistent and adequate training is crucial
for improving performance, it is also important to consider other fac-
tors such as nutrition, sleep, and recovery. People who are just start-
ing strength training may have reduced exercise efficiency because
they have not yet developed the necessary skills and muscle adapta-
tions. On the other hand, advanced athletes who have been training
for years may experience a plateau in their performance due to over-
training or inadequate recovery [34].

Moreover, the level of training is not only influenced by the amount
of time an athlete spends training, but also by the quality and spec-
ificity of the training. Athletes who set specific and challenging goals
for themselves, and who vary their training to target different aspects
of performance, are more likely to improve their overall level of fit-
ness and performance. Additionally, athletes who are under pressure
to perform at their best may invest more time and energy into their
training, but it is important to balance this with adequate rest and
recovery to avoid burnout and injury. Overall, a combination of con-
sistent, high-quality training, proper nutrition, recovery, and goal-set-
ting is essential for optimizing athletic performance (34, 35].

There is one more aspect that is very important and affects the
overall success of sports training and biofeedback, namely the moti-
vational climate [36]. In addition to an individual's goal orientations,
the particular environment or motivational climate created by the
teacher, coach, peers, or parents can induce a state of task or ego in-
volvement in sports and exercise situations. Gillet et al. [37] contend-
ed that the perceived motivational climate influences an individual's
thoughts, feelings, and achievement behaviors. Consistent with task
and ego goal orientations, two climates have been found to be
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dominate in sports and educational environments: a performance
(ego) climate and a mastery (task) climate. Research into percep-
tions of the motivational climate in sports and physical education
(e.g. Lazarus [38]) has demonstrated that perceptions of a mastery
climate are related to a task goal orientation, intrinsic motivation,
a preference for challenging tasks, and beliefs that success is due to
effort. Furthermore, a positive attitude, high satisfaction, low bore-
dom and anxiety, high self-rated improvement, continued involve-
ment, and self-determined reasons for participation have also been
associated with perceptions of a mastery climate. The topic of the
motivational climate was not the subject of this study, however, in
the authors’ opinion, such an important aspect had to be indicated.
Over the past 40 years, research on motivation and self-percep-
tion, or self-confidence, has produced some significant findings [39].
The first step is to use motivation to push through loads that are
heavier than the athlete can handle. There may be several scenari-
os, but only one stands out. Low-ego athletes might not use biofeed-
back training in a sensible manner. This is especially true when ath-
letes feel inadequate and fear failure. This is likely to result in
maladaptive behaviors that affect training efficacy. The research find-
ings unmistakably show that under such conditions, motivation wanes,
commitment to tasks wanes, perseverance wanes, efficiency wanes,
satisfaction and joy wanes, relationships with teammates and coach-
es wane, burnout is more likely, and athletes feel worse about them-
selves and their accomplishments [39]. This is true for athletes who
lack motivation or whose motivation is used inappropriately. So, it's
critical to gauge each situation's level of motivation at first [39].
EEG-biofeedback training can even be more beneficial. Positively
motivated athletes with high self-esteem who have a good sense of
their own competence are able to greatly boost the effectiveness of

training [40] self-ego’s motivational function in athletes causes them
to engage in persistent performance-related actions. But even then,
when contextual information is absorbed [41], such as when age be-
comes a role in sports performance or when an injury occurs, ego-re-
lated objectives are more “fragile” and might lead to the maladaptive
pursuit of achievement. Hence, other contextually significant criteria
for the success of biofeedback training and, indirectly, the effective-
ness of strength training are relevant in addition to the level of alpha
waves that the research team researched and analyzed.

CONCLUS | O/N S S —
In conclusion, in this article, we explored the impact of differences
in athletes’ motivation on their performance during bench press ex-
ercises, with a focus on the magnitude of external load and level of
training, and how EEG biofeedback training can help optimize per-
formance. One of the major variables influencing the efficiency of
strength training, including bench press exercise, is the level of train-
ing. The more successfully an athlete uses motivation when exercis-
ing, the better their training, which translates into better results and
a lower chance of injury. Yet, consistency in training as well as the
right amount of time and effort put into it is required to reach a high
level of training. When modifying the intensity of the exercise, one
should take into account the level of training and, consequently, the
planned objectives of boosting the efficacy of overcoming external
loads during bench press workouts.
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The Effects of EEG Biofeedback Training
on Visual Reaction Time in Judo Athletes

by
Magdalena Proviczuk ?, Grzegorz Trybek 2, Artur Terbalyan ?,
Jarostaw Markowski 3, Jan Pilch 4, Michat Krzysztofik T, Maciej Kostrzewa ',
Aleksandra Mostowik ', Adam Maszczyk *

The aim of the study was to expand the current knowledge on the effects of EEG biofeedback training on the
reaction time of judo athletes, as well as fo develop an optimal EEG training protocol in terms of the number of sessions
and their duration that would significantly improve the reaction time of athletes. The study included 24 male athletes
from the national team of the Polish Judo Association. The selected group was randomly divided into two subgroups:
experimental and control. The study was conducted in four cycles varying in terms of frequency and duration of
neurofeedback (NFB) sessions, both in the control and experimental groups. In the experimental group, each training
cycle consisted of 15 sessions, followed by a four-week break. The effects of NFB training on the visual reaction time of
judo athietes were evaluated using computerized simple and complex reaction time tests along with selected trials of the
Vienna Test System (VTS). Following NFB training according to the theta/betal protocol, while maintaining appropriate
duration and frequency of individual training sessions, statistically significant improvements in reaction times to vistal
stimuli of athletes, both in simple and complex tasks, were observed in the experimental group. No such changes were
found in the control group. The greatest improvement in reaction times was observed in complex tasks, indicating the
high effectiveness of EEG biofeedback training in enhancing this ability.

Keywords: Vienna Test System; mental training; decoding device

Introduction

Since its inception in the 1960s, the concept
of biofeedback has found diverse applications in
fields such as  psychology,  medicine,
parapsychology, business, and sports to enhance
athletes' performance. One of the widely used
biofeedback techniques is EEG biofeedback
training  (Electroencephalography), commonly
known as neurofeedback (NFB) (Razran, 1961;
Rostami et al., 2012).

NFB represents a more sophisticated form of
biofeedback, employing a technological self-
regulating stimulation method to restore brain
functioning patterns and improve cognitive,
emotional, and behavioral performance (Gong et

al., 2021; Salimnejad et al.,, 2019). The analysis of
EEG signals, captured using electrodes placed on
the subject's scalp, is graphically presented and
displayed on a monitor screen, providing feedback
on the current changes occurring in their brain. The
core principle of EEG biofeedback lies in the
assumption that the brain's bioelectrical activity
reflects the subject’s emotional states and can be
controlled and modified through training
(Artymiak et al., 2017; Salimnejad et al., 2019).
NFB utilizes measured changes in brain
activation to assist athletes in regulating the
activity or power of designated EEG frequency
bands, offering them real-time activation
information (Brito et al., 2022; Paret et al., 2019).
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EEG has been used in various studies to assess

neuronal activity dynamics in the cercbral cortex,
with different brain waves recorded, including
theta (4-8 Hz), alpha (10-12 Hz), beta (22-15 Hz),
and sensorimotor rhythm (12-15 Hz). These waves
have been proven useful in understanding the
enhancement of  cognitive-motor  processes
(Sherlin et al., 2015). Research conducted among
athletes in various sports disciplines such as golf,
tennis, archery, soccer, and judo has demonstrated
that the development of skills in producing specific
cortical activity patterns through NFB training
positively affects their efficiency and sports
performance (Chung et al, 2021; Landers et al.,
1994; Maszczyk ct al., 2018, 2020; Saha ct al., 2014).

In sports like judo, where visual attention
and its contribution to decision-making and motor
response planning are crucial for success, a high
level of concentration and the ability to quickly
react to visual stimuli are particularly important.
Thus, it is recommended to focus on improving
these skills in the training process of judokas,
enhancing their visual processing mechanisms and
response time to stimuli (Mirifar et al., 2018).

Reaction time, i.e., the time elapsed from
perceiving a stimulus to reacting to it, serves as an
indicator for assessing the internal cognitive-motor
resources  associated  with an  athlete’s
performance. Parsace et al’s (2018) and
Pourbehbahani et al’s (2023) studies, which
assessed the impact of NFB training on visual and
auditory reaction time, revealed that NFB
effectively improved brain functions in terms of
visual and auditory reaction time.

The objective of the present study was
twofold: first, to expand the current knowledge on
the effectiveness of EEG biofeedback training to
improve the reaction time of judo athletes, and
second, to develop an optimal EEG haining
protocol in terms of the number of sessions and
their duration to significantly enhance the reaction
time of the studied judokas.

Methods
Participants

The study involved 24 male athletes from
the national team of the Polish Judo Associationin
the southern region of the country, aged between
22 and 25 years. Subsequently, the group was
randomly  divided into two subgroups:
experimental (n = 12) and control (n = 12). All

ifeedback training on visual reaction time in judo athletes

participants received information about the study's
objectives and procedures, they were also
informed that they could withdraw from the study
at any stage. The research was approved by the
Bioethics Committee for Scientific Research at the
Jerzy Kukuczka Academy of Physical Education,
Katowice, Poland and was conducted as part of the
grants (N RSA4 04054).

Research Procedures

The study was conducted in four cycles,
with variations in the frequency and duration of
NFB sessions for both the control and experimental
groups. In the experimental group, each cycle
consisted of 15 training sessions, followed by a
four-week break, following the modification of
Thompson's training (Thompson and Thompson,
2005). The duration of training sessions was
modified from Dupee’s training (Dupee ct al,
2016}, with 10 min and 4 min in successive rounds
of the study.

The primary training protocol employed in
the experimental group focused on theta/betal
training, with the objective of improving
concentration and attaining a state often referred to
as "narrow attention” among athletes. The control
group underwent an identical training regimen to
the experimental group, with the same cycle,
duration, and frequency of NEB training sessions.
However, in the control group, instead of
implementing the theta/betal protocol, an EEG
simulation was displayed that was independent of
the brain wave patterns generated by athletes.

Before initiating the first training cycle and
after completing each subsequent one, simple and
complex reaction time tests were conducted in both
research groups.

EEG Biofeedback Training

EEG biofeedback training, also known as
NEB training, was conducted using Biograph
Infiniti 6.0 software and a 5-channel decoding
device (ProComp5). The EEG sensor used in this
setup allowed for high-quality signal reception
with minimal noise content. The device's quality
was confirmed through ISO certification and CE
medical certification. Before recording the EEG
signal, the impedance levels of the electrodes and
interelectrode impedance were checked using a
built-in impedance sensor.

To initiate the diagnosis and NFB training,
the requirement was to achieve an impedance level
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below 5 kQ and a difference of no more than 1 kQ
between electrodes. Each training session in the
individual cycle began with a 3-min single-channel
EEG diagnosis using three reference connections.
During this phase, the participant was instructed
to perform specific tasks, including sitting with
eves open for one minute, sitting with eyes closed
for one minute, and sitting with eyes open while
counting backwards by 7 from 100.

For the diagnosis, the reference electrode
was placed on the left ear lobe, grounded on the
right, and the active clectrode at point Cz,
following the international 10-20 system. During
NFB training, the active electrode was placed at
point C3, which allowed the main training
objective to be achieved. This objective was to
shape the ability of athletes to maintain an optimal
balance between fast (beta) and slow (theta) waves,
which are responsible for achieving a state of
concentration and focus.

Throughout ecach NFB session, the
percentage of time spent above the threshold was
monitored. This measurement served as the
primary indicator of the participant’s progress and
allowed for the optimization of the training
difficulty level for each athlete.

During NFB training sessions, real-time
feedback was provided to athletes based on their
brainwave activity. The main focus was on shaping
their ability to enhance the balance between beta
and theta waves to achieve an optimal state of
concentration and focus. The employed software
allowed athletes to visualize their brainwave
patterns on a computer screen during training.

NFB training consisted of multiple cycles,
and cach cycle comprised several sessions. In the
experimental group, cach cycle included 15
training sessions, followed by a four-week break,
as mentioned carlier. The duration of taining
sessions varied across successive rounds of the
study, with sessions lasting 10 min and 4 min
alternately, as per the modification of Dupee's
training method, Throughout NFB fraining,
researchers closely monitored the percentage of
time that athletes spent above the predetermined
threshold for beta and theta waves, This measure
served as the primary indicator of their progress
and allowed rescarchers to adjust the difficulty
level of training for cach individual, ensuring that
training was tailored to their specific needs and
responses.

249

The goal of NFB training in the experimental
group was to increase concentration and achieve
what is known as "narrow attention” in athletes.
This enhanced the ability to focus and maintain the
optimal balance of brainwave activity what could
potentially lead to improved athletic performance.

In the control group, NEB training sessions
followed the same schedule, duration, and
frequency as the experimental group. However,
instead of using the theta/betal training protocol,
the control group underwent an EEG simulation
that was independent of their actual brainwave
patterns. This setup allowed rescarchers to assess
the specific effects of the theta/betal protocol used
in the experimental group compared to a non-
specific EEC simulation.

Before commencing the first cycle of
sessions and after completing each subsequent
one, both research groups underwent simple and
cnmplcx reaction time tests. These tests were
conducted to assess any changes in reaction times
and cognitive performance resulting from NFB
training in both the experimental and control
groups.

Overall, EEG biofeedback training with the
theta/betal protocol aimed to explore the potential
benefits of this specific training method for
athletes’ concentration and focus (Christic and
Werthner, 2015; Chung et al., 2021; Landers et al.,
1994; Maszczyk et al., 2018, 2020; Saha et al.,, 2014).
The results of the study could have implications for
optimizing athletic  training programs and
enhancing athletes’ mental and  cognitive
capabilities.

Visual Reaction Time Tests

The study aimed to investigate the impact of
NEB training on the visual reaction time of judo
athletes. To assess this, computerized simple and
complex reaction time tests were conducted, along
with selected trials from the Vienna Test System
(VIS). The tests were carried out in the morning,
ensuring optimal conditions for concentration
during the tasks. Each trial was repeated twice at
5-min intervals, and the better of the two
measurements was recorded for subsequent
analysis.

The computerized simple reaction speed test
consisted of athletes pressing a specified key on the
keyboard with cither their right or left hand as
quickly as possible when a bright square appeared
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on the monitor screen. The complex reaction time
task required pressing a key on the keyboard
promptly in response to the location of the square
that appeared on the screen. Different keys were
used for squares in the right or left position and for
squares in the central position. In both tests, the
signal appeared 10 times, with intervals ranging
from 2 to 6 s. The time from the appearance of the
stimulus to the key press was measured with high
accuracy of 0.001.

For the measurement of simple reaction time
to visual stimuli, a reaction speed measuring
device (RT) component of the VTS was used. The
participant's task was to move their hand as
quickly as possible from the "rest key" to the
"reaction key" when a yellow LED was lit. The
mean reaction time in seconds was then calculated
based on the data obtained from the tests.

Complex reaction time was assessed using a
decision-making device (DG) integrated into the
VTS. In this trial, athletes were tasked with swiftly
pressing the corresponding key based on the LED's
color that illuminated when the stimulus was
presented. The software recorded both correct and
incorrect responses, the average reaction time, and
the standard deviation of the mean reaction time.
The signal was presented 15 times during this
testing phase. By analyzing the results from these
computerized tests, researchers sought to
determine  whether NFB  training had any
significant effect on the visual reaction time of judo
athletes.

Research Cycles

The first research cycle comprised 15
training sessions, conducted every other day, with
each session lasting 10 min. In the second research
cycle, the training frequency increased, while the
duration of each session decrcased. Training
sessions were held daily, and each session lasted 4
min. In the third research cyde, training sessions
took place daily, yet their duration was increased
to 10 min. Finally, the fourth research cyde
consisted of 4-min training sessions held every
other day. All four research cycles were
interspersed with a four-week break.

During each training session inall cycles, the
percentage of time spent above the threshold was
closely monitored. This threshold was adjusted
upward for reinforced waves and downward for
inhibited waves. Such an adjustment ensured that
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the level of difficulty of NFB training was optimal
and tailored to individual progress.

Overall, the study adopted a progressive
approach, modifying the frequency and duration
of training sessions across different cycles. By
varying these factors, the researchers aimed to
assess the effectiveness of NFB training and
determine the most suitable training protocol for
enhancing athletes’ cognitive functions,
specifically visual reaction time, and potentially
improve their overall performance in judo
competitions.

Statistical Analysis

Descriptive statistics, including arithmetic
means, standard deviations, and coefficients of
variation, were calculated. The normality of
variable distribution was checked using the
Shapiro-Wilk test. Additionally, the Levene's test
was applied to assess the homogeneity of variance
among the variables and determine appropriate
statistical tools for further analysis. The test results
indicated that all variables had a normal or close-
to-normal distribution (p > 0.05).

However, it was observed that the groups
lacked homogeneity of variance for all variables
before training, as determined by the Levene's test.
Nevertheless, after training, the values of variables
in both groups became homogeneous which was
verified using the Levene's test.

To test hypotheses related to differences
between the values of individual variables
describing intergroup and intragroup
relationships, ANOVA was used. The F-statistics
and significance levels (p < 0.05) were presented.
When significant differences were found, Tukey's
post-hoc tests were performed for equal sample
sizes (N).

The researchers calculated the mean reaction
times for both simple and complex reaction time
tasks in each group. Changes in reaction time,
accuracy, and variability among the athletes were
examined. The data analysis aimed to determine if
there were any significant differences between the
two groups after NFB training.

All the statistical calculations were
performed using the Statistica 12.0 (Statsoft) and
the Excel package (Microsoft Office 13).
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Results

After conducting individual training cycles
using the EEG biofeedback method, statistically
significant differences were observed between the
control and the experimental group in the results
of simple and complex reaction times in selectect
trials of the VTS {Figures 1 and 2).

ANOVA (p < D.05) revealed differences in
the values of the investigatec variables of simple
and complex reaction speeds in selected trials of
the VIS before and after the application of
individual training cyces using the EEG
biofeedback method in the experimental group
(Figures 3 and 4).

Figure5 presents a graphical visualization of
the test-related improvements in simple and
complex reacton times before anc after the
conductedd EEG biofeedback training cycles in
selected trials of the VTS.

The post-hoc Tukey's Honestly Significant
Difference (FISD) test indicated significant
differences in the obtained simple reaction imes in

251

selected trials of the VTS between the third and
fourth cydes compared to the first cycle of EEG
biofeedback training. However, no significant
difference was observed between the fourth and
second training cycles. It can be dearly stated that
significant improvement in simple reaction time
occurred after the third and fourth cycles,
Significant differences were noted between the
examined variables of complex reaction speed in
selected trials of the VTS in relation to the
experimental group before the individual NXB
training cycles. The analysis of results indicates
significant linear differences between the recorded
complex reaction times in selected trials of the VTS
between the third and fourth cycles compared to
the first cycde of NFB training. However, no
significant difference was found between the third
and second cycles or between the first and second
training cycles. It can be concluded that significant
improvements in complex reaction time occurred
after the third training cycle, and especially after
the fourth cycle of NFB training (Figures 6 and 7).
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Figure 1. Graphic presentation of simple reaction time results obtained in the experimental ancl control
groups after each EEG biofeedback training cycle.
CG: control growp; EG: experimental group; ™ p < 0.05
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Discussion

The introduction of modern arousal
management techniques in mental training of
athletes, such as EEG biofeedback training, and the
development of optimal training protocols to
enhance athletes’ potential, can be useful tools in
the field of sports psychology. Prior research
suggests that athletes can acquire the ability to
produce and sustain particular neural brain
activity patterns linked to improved performance
through EEG biofeedback training (Blumenstein
and Orbach, 2012, 2012a; Lansbergen et al., 2010;
Maszczyk ct al., 2018). Therefore, the present study
aimed to investigate the effects of EEG biofeedback
training on the reaction time of judo athletes and to
develop an  optimal training protocol for
improving reaction times. The innovation of the
applied NFB training protocol was its
implementation in four cycles, with varying
duration and frequencies of individual training
sessions, ensuring  alternative  measurement
conditions to identify the most favorable
configuration. The study showed that athletes in
the experimental group achieved a statistically
significant improvement in simple and complex
reaction times after each fraining cycle as a result
of implementing the theta/betal protocol. No such
changes were observed in the control group. In
another study among judo athletes, the most
significant decrease in simple reaction times was
attained after the second training cycle, during
which training sessions were held every other day
for 4 min (Maszczyk et al., 2020). Moreover, in a
study involving members of the Canadian
National Speed Skating Team, significant
improvements in reaction time were observed
between the fourth and fifth (last) wecks of
training, involving two training sessions per week
(Harvey et al, 2011). This confirms previous
findings indicating that athletes can learn to
generate specific brain neural activity that leads to
increased performance (Engelbregt et al., 2016), as
well as complements existing analyses on the
positive impact of wusing different forms of
biofeedback training on visual perception and the
reduction of athletes' reaction times (Christie and
Werthner, 2015). The obtained results are also
consistent with previous reports suggesting that by
strengthening betal activity and inhibiting theta
waves over the motor cortex, processes related to
visual attention are improved. Thus, it may be
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concluded that NFB training can significantly
improve reaction time in athletes.

The results of the present study clearly
demonstrate the positive effects of NFB training on
the reaction times of judo athletes. The
experimental  group, which underwent NFB
training according to the theta/betal protocol,
showed significant improvements in reaction
times to visual stimuli, both in simple and complex
tasks. On the other hand, no such changes were
observed in the control group, which did not
reccive NFB training. These findings support
previous research that has shown the potential
benefits of EEG biofeedback in enhancing
cognitive-motor processes and improving sports
performance (Chung et al., 2021; Landers et al,,
1994; Maszczyk et al., 2018, 2020; Saha et al., 2014).

Our findings indicate that NFB training can
be particularly effective in improving complex
reaction times, which are crudial in sports like judo
where quick decision-making and response
planning are essential for success. This
improvement in complex tasks highlights the high
effectiveness of EEG biofeedback training in
enhancing  cognitive  abilities  related  to
concentration and focus (Christie and Werthner,
2015; Engelbregt et al., 2016).

The study’s contribution to the existing
literature is valuable as it provides insights into the
practical application of EEG biofeedback training
in  sports performance enhancement.  The
development of an optimal training protocol based
on EEG mcasurements offers a structured and
systematic approach to improving reaction times
in athletes. Such information can be beneficial for
coaches, trainers, and sports psychologists
working with judo athletes or other sports
disciplines where quick reactions and focus are
crucial for success.

However, there are certain limitations of the
study to be considered. Firstly, the sample size was
relatively small, consisting of 24 male judo athletes
from a specific region. A larger and more diverse
sample would increase the generalizability of the
findings. Additionally, the study focused solely on
male athletes. Future studies could include female
participants to understand potential gender
differences in the response to NFB training.

Furthermore, the study did not explore the
long-term effects of NFB training bevond the four
training cycles. It would be interesting to
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investigate whether the improvements in reaction
times are sustained over time or whether
additional training sessions are needed to maintain
the obtained benefits.

This study provides valuable insights into
the effectiveness of EEG biofeedback training in
improving the reaction times of judo athletes. The
results suggest that NFB training can be a useful
tool in sports performance enhancement,
particularly for tasks requiring quick reactions and
focused attention. Coaches can use this knowledge
to design targeted training protocols for athletes,
aiming to improve their cognitive-motor processes
and achieve better sports results. However, further
research with larger and more diverse samples is
needed to validate and extend these findings
(Chung et al., 2021; Saha et al., 2014).

Future rescarch in the field of EEG
biofeedback training and sports performance
could explore several areas of interest. Firstly, as
mentioned earlier, investigating the long-term
effects of NFB training is essential. A longitudinal
study tracking athletes’ reaction times over an
extended period, even beyond the training cycles
used in this study, would provide wvaluable
insights into the sustainability of the obtained
improvements. Understanding  whether  the
benefits persist over time or if periodic booster
sessions are required for maintenance would help
optimize training protocols.

Secondly, it would be beneficial to examine
the transferability of the improved reaction times
to actual sports performance. While NFB training
has been proven effective in enhancing cognitive-
motor processes, it is essential to determine
whether these improvements translate into real-
world situations during judo competitions or other
sports events. Observing athletes' reactions in live
competitions, as well as their success rates in
executing specific moves or strategies, would
provide a more comprehensive assessment of the
training's practical benefits (Landers et al., 1994;
Maszczyk et al,, 2018, 2020).

Additionally, expanding the scope of the
study to include other sports disciplines would be
valuable. Different sports require distinct cognitive
and motor skills, and NFB training may have
varying effects on athletes from different sports
backgrounds. Investigating the impact of EEG
biofeedback on athletes in various sports, such as
team sports like soccer or individual sports like

255

tennis, could lead to a better understanding of its
potential applications across different athletic
domains.

Furthermore, exploring the individual
differences in response to NFB training would be
worthwhile. Not all athletes may show the same
degree of improvement in reaction times after
training. Factors such as baseline cognitive
abilities, training adherence, and motivation could
influence the outcomes. Identifying individual
factors that contribute to training success could
help tailor NFB protocols to suit cach athlete’s
needs, making NFB training more personalized
and effective.

In terms of methodology, future studics
could consider incorporating control groups that
receive other forms of cognitive training or
traditional ~physical training without NFB.
Comparing the effects of NFB training to other
interventions would help establish its unique
contributions and advantages. Additionally, using
a double-blind experimental design, where both
participants and researchers conducting the tests
arc unaware of group assignment, would
minimize potential biases and enhance the study’s
internal validity.

Finally, advancing the technology used in
EEG biofeedback training could improve its
efficacy and practicality. Integrating real-time
biofeedback into wearable devices or mobile
applications would enable athletes to engage in
NEB training outside the laboratory setting,
making it more accessible and convenient for
regular training sessions.

In conclusion, the study on the effectiveness
of EEG biofeedback training in improving the
reaction times of judo athletes has provided
valuable insights into the potential benefits of this
technique in sports performance enhancement.
The results suggest that NFB training can be a
useful tool in sports psychology for enhancing
cognitive-motor processes, particularly for tasks
requiring quick reactions and focused attention.
The development of an optimal training protocol
based on EEG measurements offers a structured
and systematic approach to improve reaction times
in athletes.

While the findings are promising, further
research with larger and more diverse samples is
needed to validate and extend these findings.
Investigating the long-term effects of NFB training,
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the transferability of improvements to real-world
sports performance, and potential gender
differences in the response to training would
contribute to  a more comprehensive
understanding of the technique's benefits.
Moreover, exploring individual factors that
influence training effectiveness and incorporating
control groups with alternative interventions
would strengthen the study's conclusions
(Maszczyk et al., 2018, 2020).

Overall, the study underscores the
potential of EEG biofeedback training as a valuable
addition to the toolkit of sports psychology,
providing a means to enhance athletes' cognitive
abilities and improve their sports performance. As
sports continue to become more competitive, the
pursuit of innovative and effective training
methods like NFB can give athletes a competitive
edge and help them reach their full potential.
Coaches and sports psychologists can utilize this

ifeedback training on visual reaction time in judo athletes

that optimize cognitive-motor processes and foster
improved athletic performance in various sports
disciplines, not just judo. By continuously
exploring and refining the application of EEG
biofeedback training, sports science can continue
to evolve and contribute to the success of athletes
at all levels.

The results of the study provide valuable
insights into the potential benefits of NFB training
on cognitive functions, such as visual reaction
time, in athletes. It could also contribute to the
understanding of how NFB training may be
incorporated into athletic training programs to
optimize athletes' mental and cognitive abilities,
leading to better sports performance. Future
studies could build on this research and address
any identified limitations to further explore the
potential applications of NFB training in sports
performance and cognitive enhancement for
athletes.

knowledge to design tailored training programs
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athletes was verified using selected samples from the Vienna Test System (VTS). The study revealed that
athletes from the experimental group, as a result of implementing the betal/theta protocol, statistically
significantly improved their simple and complex reaction times after each training cycle. Similar changes
were not observed in the control group. The results suggest that neurofeedback training may significantly
improve reaction skills in a sports context. However, for a fuller understanding and confirmation of these
effects, further well-controlled studies are necessary.
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Abstract: Introduction: This research aimed to investigate which waves, Theta or Beta, are signifi-
cant predictors of visual simple and complex reaction times during the Vienna test, using regression
modeling. The research material comprised the lest results of male judo athletes (i = 24), selected
through mixed sampling (purposive and random}. The study was conducted in two cycles, differ-
entiated by frequency but with the same duration of EEG biofeedback sessions, in both the control
and experimental groups. The first cycle of the study consisted of 15 sessions held every other day.
Each training session lasted for 4 minutes. The second series of studies, which took place after a six-
week break, was characterized by a higher frequency of meetings (daily), with the duration of one
lraining session remaining the same as in the previous cydle, ie,, 4 minutes. The impact of neu-
rofeedback training on the visual reaction speed of judo athletes was verified using selected samples
from the Vienna Test System (VTS). The study revealed that athletes from the experimental group,
as a result of implementing the betal/theta protocol, statistically significantly improved their simple
and complex reaction times after each training cycle, Similar changes were not cbserved in the con-
trol group. The results suggest that neurofeedback training may significantly improve reaction skills
in a sporls context. However, for a fuller understanding and confirmation of these effecls, further
well-controlled studies are necessary.

Keywords: Bela waves, Theta waves, betal/theta protocol, brain.

1. Introduction

The primary goal of the training process is to maximize the athletic achievements by
refining athletes” technical and tactical skills and elevating their level of motor prepared-
ness. In this journey towards achieving high sports results, psychological training focused
on improving reaction time, which plays an increasingly significant role. The time and
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adequacy of reaction are fundamental predispositions of a judo athlete. Scientific findings
thus far have suggested that an athlete's greater mental endurance, including their ability
to focus under competitive pressure, significantly influences improved performance dur-
ing competition [1, 2, 3, 4].

High concentration and the associated heightened alertness achieved under optimal
arousal conditions of the nervous system streamline cognitive processes and reduce reac-
tion times [5, 6, 7, 8]. An analysis of the relationship between athletes’ self-regulation abil-
ities and their world ranking conducted by Dupee et al. [9] demonstrated that better man-
agement of physiology and emotions distinctly correlates with sports performance. Ath-
letes who could not control their reactions to stress and succumbed to distraction held
lower positions in the overall rankings [9].

In sports like judo, where visual attention and its contribution to decision-making
and planning the appropriate motor response are crucial for the athlete’s success, a high
level of concentration and the ability to react quickly to visual stimuli are particularly im-
portant. Numerous analyses related to assessing the effectiveness of EEG-biofeedback
training based on self-control of the heart rate and breathing frequency have been con-
ducted to enhance the efficiency of actions taken by athletes.

The introduction of EEG-biofeedback training among ¢lite wrestlers significantly im-
proved their reaction times by mastering the skill of maintaining an optimal heart rate
rhythm [10]. Similar results were obtained in a group of basketball players, where EEG-
biofeedback training in the experimental group led to a significant improvement in re-
sponse time to stimuli compared to the placebo and control groups [11]. In light of these
findings, the EEG-biofeedback method appears to be an interesting approach that can
support the development of the crucial skill of selective attention in elite sports, influenc-
ing the athletes’ speed of stimulus processing and their effectiveness.

Simultaneously, it scems reasonable to apply training time that is adequate to the
time of sports competition in a specific discipline or sports event. Therefore, our rescarch
aimed to investigate which waves, Theta or Beta, are significant predictors of visual sim-
ple and complex reaction times during the Vienna test, using regression modeling.

2. Materials and methods

2.1. Partictpants

The rescarch material comprised the test results of male judo athletes, selected
through mixed sampling (purposive and random}). Each athlete was a member of the
Polish National Team and held either an International Master Class (MM) or National
Master Class (M) — purposive selection. The study was conducted on a group of 24 ath-
letes, randomly divided into two subgroups: experimental (# = 12) and control (17 = 12).
Table 1 presents the descriptive statistics of individual groups.

Table 1. Descriptive statistics of characteristic variables for judo athletes {mean and SD).

Parameters EG CG
Age (y) 22 (+3) 22 (x2)
Body mass (kg) 74.8 {+1.5) 753 (x2.2)
Body high (cm) 1742 (+2) 174 (+2.5)
BMI 238 (= 1.6) 236 (=2.1)

EG - experimental group , CG — control group; BMI - Body Mass Index.

2.2. Procedures

All volunteers were healthy and were instructed to avoid taking medications, alco-
hol, and substances (such as caffeine and energy drinks) for 12 hours before the study.
Additionally, within 24 hours prior to the examination, all volunteers were advised to
refrain from strenuous resistance exercises. They were informed about the research
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protocol, potential risks, and benefits of the study, and then provided written informed
consent to participate in the research. Respondents had the right to withdraw from the
study at any stage of the experiment. The protocol was approved by the Bioethics Com-
mission for Scientific Research at the Jerzy Kukuczka Academy of Physical Education in
Katowice. Tests were conducted at the Human Psychomotor Laboratory of the AWF in
Katowice, using the EEGDigiTrack MuliEEG_32 device.

The study was conducted in two cycles, differentiated by frequency but with the
same duration of EEG biofeedback sessions, in both the control and experimental groups.
The first cycle of the study consisted of 15 sessions held every other day. Each training
session lasted for 4 minutes and was a modification of the Dupee training [12]. The second
series of studies, which took place after a six-week break, was a modification of the
Thompson training program [13], characterized by a higher frequency of meetings (daily),
with the duration of one training session remaining the same as in the previous cyclg, i.e.,
4 minutes.

During cach session, the percentage of time above the threshold was monitored, which
was adjusted upward or downward for the reinforced and inhibited waves, so that the train-
ing difficulty level was optimal and adapted to the individual progress of each athlete. The
basic training protocol in the experimental group was betal/theta training, used to increase
concentration and achieve the so-called "narrowing of attention” in athletes.

Before the start of the first and second training cycles, and after the completion of
cach cycle, simple and complex reaction times were assessed in both study groups. The
control group followed the same schedule as the experimental group and had the same
training duration and frequency. The preparation procedure for training was the same for
both groups, but in the control group, instead of the betal/theta protocol, an EEG simula-
tion was displayed, independent of the brainwave patterns generated by the participant.

2.3. EEG biafeedback training

EEG biofeedback training was conducted using the EEGDigiTrack MuliEEG_32 de-
vice, whose quality was confirmed by ISO and CE certificates. Prior to EEC signal regis-
tration, the impedance level of electrodes and interelectrode levels were checked each
time using the built-in impedance sensor. To initiate EEG biofeedback diagnostics and
training, it was necessary to achieve an impedance level below 5 kO and inter-electrode
measurements differing by no more than 1 k€.

Each training session in each cycle was preceded by a 3-minute single-channel diag-
nostic. During this time, participants were asked to perform the following tasks: sit with
open eyes for one minute, sit with closed cyes for one minute, sit with open eyes with an
additional activation task of counting down by 7 from 100. During the electrode reference
diagnosis, the reference electrode was attached to the left earlobe, the grounding electrode
to the right carlobe, and the active electrode at the Cz point, according to the international
10-20 system. During EEG biofeedback training, the active electrode was attached to the
C3 point, allowing the main training goal to be achieved (developing the ability to main-
tain an optimal balance between the activity of fast (beta) and slow (theta) waves). During
each EEG biofeedback session, the percentage of time above the threshold, which is the
main measure of progress, was also monitored to optimize the training difficulty level for
cach athlete.

The recorded signals were filtered from 2 to 40 Hz. All signals were visually checked
by an expert, and artifact-free periods were manually selected and further analyzed.

Feedback based on the activity recorded by the C3 electrode was provided in a visual
and auditory form. During training, participants were asked to control images displayed on
the compiter screen so that the displayed airplane kept flying all the time. The airplane was
in motion while meeting the following conditions: amplitudes of the theta (4-7.5 Hz) and
beta2 (20-30 Hz) bands remained below the established threshold, and the amplitudes of
SMR (12-15 Hz) and betal (13-20 Hz) were maintained above the established threshold.
Effective movement of the airplane was accompanied by an acoustic reinforcing signal.
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2.4. Visual Reaction Time Tests

The impact of neurofeedback training on the visual reaction speed of judo athletes
was verified using selected samples from the Vienna Test System (VTS). The Reaction
Time (RT) test was used, allowing the precise determination of the athlete’s reaction time
to the thousandth of a second. The test measured how quickly the athlete could react to
the appearance of a stimulus as well as what the quality of the reaction was in situations
with multiple stimuli requiring selection and while maintaining reaction time. The test
allowed the measurement of simple and complex reaction times. The test was performed
using a reaction panel - one of the reaction devices of the Vienna Test System. Tests were
conducted in the morning, under conditions conducive to focusing attention on tasks. All
tests were repeated twice with a 5-minute interval, with the better results taken for further
analysis. The participant’s task was to react as quickly as possible to simultaneous visual
and acoustic signals (complex reaction) or only visual (simple reaction) by pressing a but-
ton on the reaction pancl when a yellow light appeared on the screen. The test measured
the indicator — average reaction time (MRT) — calculated from the appearance of the rele-
vant stimulus to the moment the finger was lifted from the waiting button. The obtained
result was the reaction time.

2.5. Statistical analysis

The normality of the distribution of variables was checked with the Shapiro-Wilk
test. Levene's test of homogeneity of variances was used to verify the homogeneity of var-
iables and determine statistical tools. The results of the conducted tests clearly indicated
that the variables had a normal distribution or a distribution close to normal (p>0.05). The
examined homogencity of variance with Levene's test in groups before training showed
no similarities, i.e.,, homogeneity for all variables. Variable values in both groups after
training in the Levene's test were also homogeneous.

To answer the hypotheses regarding testing for no differences between the means in
simple and complex reaction time tests before and after EEG-biofcedback training, an
analysis of variance (ANOVA) was applied. In the first part of the study, ANOVA was
used to determine significant differences between the tested simple reaction time varia-
bles concerning groups after individual biofeedback session cycles. In the next step, using
the same analysis, differences in the experimental group were examined in the context of
both reaction times, taking into account the periods before and after the cycles.

In the final third stage of the study, regression models were built to determine the
most significant predictors for each cycle, considering both reaction times. The relation-
ships between the dependent variable (visual reaction time) and other analyzed variables
(Theta and Beta values) were estimated using single-factor stepwise ridge regression analysis.

After simplification, the biometric regression model received the following form
(equation (1)): Y=F(x_1,...,x k;a_1,...,a_p)+&=F(xa) + ¢ (1) where: x_j-determinant
variable (x=Ix_1,...,x kI T}, a_j-parameter (a=la_I,..., a_pl T), e-random compo-
nent (also known as random factor or measurement error).

[n summary, additional statistical data analysis was performed using the Statistica
program (StatSoft-Poland, Statistica 13, Krakow, Poland, version 2022).

3. Results

Table 2 presents the results of the analysis of variance at the level of statistical signif-
icance p < (105, which showed that hypotheses about no differences between the experi-
mental and control groups regarding the values of the tested simple and complex reaction
times after EEG biofeedback training sessions could be rejected. However, Tables 3 and 4
present the results of post-hoc tests for the average simple and complex reaction time
(VST} between the analyzed groups.
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Table 2. ANOVA results for determining significant differences between the tested simple and com-
plex reaction times variables concerning groups after individual biofeedback session cycles.

Variables E P
After the 2% eycle — simple reaction (VST) 15.897 0.006
After the 1+ cycle — simple reaction (VST) 41.317 0.002
After the 25 cycle — complex reaction (VST) 15.262 0.008
After the 1* cycle = complex reaction (VST) 47788 0.001

Table 3. Tukey's post-hoc test for simple reaction time (VST) after the 1* and 2" cycles of EEG bio-
feedback sessions in the control and experimental groups, with < (.05,

Group EG G
Differential means 0.214 s 0.2258
simple reaction time EG after the 2+ cycle 0.006
simple reaction time CG after the 274 cycle 0.006
Differential means 0.207 s (0.224 5
simple reaction time EG after the 1+ cycle 0.002
simple reaction time CG after the 1* eycle (0,002

Table 4. Tukey's post-hoc test for complex reaction time (VST) after the 1#and 2% cycles of EEG
biofeedback sessions in the control and experimental groups, with p <0.05.

Group EG CG
Differential means 0.339 s 0.355 8
complex reaction time EG after the 2 cycle 0.008
complex reaction time CG after the 24 cycle 0.008
Differential means 0.326 s 0.352 8
complex reaction time EG after the 1* cycle 6.001
complex reaction time CG after the 1* cycle 0.001

After conducting individual cycles of EEG biofeedback training, beneficial changes
were observed only in the experimental group. There were statistically significant differ-
ences between the control and experimental groups in the results of simple and complex
reaction times in selected Vienna Test System samples. Therefore, further analyses focus-
ing on the experimental group to address the rescarch problem.

For the variables of simple and complex reaction times in selected Vienna Test Sys-
tem samples, presented in Table 5, one-way analysis of variance (ANOVA) at the signifi-
cance level of p <0.05 indicated that the hypotheses of no differences between the values
of the studied variables before and after the application of individual cycles of EEG bio-
feedback could be rejected.

The determined regression models indicating statistically significant predictors of
obtained simple and complex reaction times in the examined experimental group of judo
athletes during the Vienna Test have taken the form of regression functions and are pre-

sented below.
e In the second cycle (274 cycle Simple reaction time VST): YI_TIC - SRT-VST = 0.222 —
0.001" mean Theta.

This means that if the value of the mean theta variable increases by one unit, the
average score value ((Y1_IIC — SRT-VST) will decrease by 0.001 s. The analysis also
showed that the most important predictor for the variable Y1_IIC — SRT-VST was the
mean Theta.
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e Inthesecond cycle (27 cycle Complex Reaction Time VST): Y2 _IIC - CRT-VST =(1.358

- 0.002* mean Theta.

This means that if the value of the mean theta variable increases by one unit, the
average score value (Y2_IIC — CRZW) will decrease by 0.002 s. The analysis also showed
that the most important predictor for the variable Y2_TIC—- CRZW was the mean Theta.

e Inthe first cycle (1# cycle Simple reaction time VST): Y3_IC - SRT-VST =0.216 - 0.001*
mean Theta.

This means that if the value of the mean theta variable increases by one unit, the
average score value (Y3_IC - SRT-VST) will decrease by 0.001 seconds. The analysis also
showed that the mostimportant predictor for the variable Y3_IC — SRT-VST was the mean
Theta.
¢ In the first cycle (I1# cycle Complex Reaction Time VST): Y4_IC - CRT-VST = 0.336 —

0.002* mean Beta.

This means that if the value of the mean beta variable increases by one unit, the av-
erage score value (Y4 IC — CRT-VST) will decrease by 0.002 seconds. The analysis also
showed that the mostimportant predictor for the variable Y4_IC- CRT-VST was the mean
Beta.

Table 5. Result of one-way ANOVA to determine the significance of changes in simple and complex
reaction times in selected Vienna Test System samples in the experimental group.

. X S
Variables Is] Is] P
Simple reaction time (VST)
Before the 274 cycle 0.223 0.006 saih
After the 209 cycle 0.214 0.005
Before the 1* cycle 0222 0.006 —_—
After the 1* cycle 0.207 (0.004
Complex reaction time (VST)
Before the 204 cycle 0.353 (.01 —n
After the 204 cycle 0.339 0.009
Before the 1* cycle 0.351 0.011 i
After the 1* cycle 0.326 0.006

4. Discussion

Sporting achievements are the result of a prolonged, individually planned, and com-
prehensive training process, encompassing the technical-tactical, fitness, and psychologi-
cal preparation of the athlete. For a sports training system to fulfill its primary purpose —
leading to an increase in athletic performance in line with the athlete's real potential — it
requires continuous improvement, modification, and expansion of the tools and training
methods used. Many athletes and coaches emphasize the significance of the psychological
aspect in the athlete's training process, considering it a crucial element necessary for
achieving success at the highest level [14]. Proper mental preparation positively influences
not only better coping under competitive pressure but also aids in dealing with training
challenges, facilitating the maintenance of adequate motivation and heightened concen-
tration despite increasing fatigue. This, in turn, positively impacts training efficiency.
However, psychological preparation in sports is often still marginalized or solely focuses
on achieving athletes' psychological readiness, with interventions carried out directly be-
fore competition. Psychological practices are seldom utilized throughout the entire train-
ing process to enhance athletes’ training effectiveness [15].
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This research aimed to determine the impact of neurofeedback training, especially
targeting Beta and Theta waves, on simple and complex reaction times in judo athletes.
[tanalyzed the relationship between brain wave activity and reaction skills in a sports con-
text. The study continued previous findings in sports psychology, emphasizing the im-
portance of psychological training, especially regarding the ability to maintain an optimal
level of concentration and reaction under pressure. The significance of reaction time in
sports, particularly in disciplines like judo, where quick and precise reactions to visual
stimuli are crucial for success, was highlighted.

Due to the significant importance of judo athletes’ visual reaction time in enhancing
their effectiveness during matches, this study aimed to investigate the impact of EEG bi-
ofeedback training. The training was based on the reinforcement of fast Beta waves and
the inhibition of slow Theta waves, targeting the efficiency of their visual processing, An
attempt was also made to develop an optimal EEG biofeedback training, directed towards
regulating concentration levels and improving the visual attention of judo athletes, lead-
ing to a reduction in their reaction times. There is compelling evidence suggesting that the
beta wave frequency correlates with a state of increased visual attention processing [16],
which is crucial in decision-making and reaction planning [17]. The authors also point out
that beta activity in the motor cortex is associated with achieving faster motor responses
to stimuli. Based on these findings, the present study decided to implement the
betal/theta training protocol to enhance the visual reaction speed of judo athletes.

The research was conducted among a selected group of athletes, members of the na-
tional team of the Polish Judo Association. The innovation of the applied neurofeedback
training lay in its implementation in two cycles, varied in terms of the duration and fre-
quency of individual training sessions. This ensured alternative measurement conditions,
allowing the identification of the most favorable configuration. The obtained results were
then subjected to a detailed statistical analysis, enabling a precise assessment of the ap-
plied training procedures in relation to the reaction times achieved in both research
groups.

The study revealed that athletes from the experimental group, as a result of imple-
menting the betal/theta protocol, statistically significantly improved their simple and
complex reaction times after each training cycle. Similar changes were not observed in the
control group. This, however, confirms previous scientific findings indicating that athletes
can learn to generate specific neuronal brain activity, leading to an increase in their effi-
ciency [18]. It also complements existing analyses regarding the positive impact of various
biofeedback training methods on visual perception and the reduction of athletes’ reaction
times [19].

The obtained results are also consistent with previous reports suggesting that
strengthening betal wave activity and inhibiting Theta waves over the motor cortex im-
prove processes related to visual attention. Early studies showed that beta band synchro-
nization just before the appearance of a stimulus was the strongest predictor of task exe-
cution speed [20]. EEG biofcedback training conducted among two rescarch groups,
where the first group reinforced Theta waves and the second inhibited this frequency,
demonstrated increased performance in a test task after reducing theta activity. This also
proved the possibility of selectively changing the frequency of brain waves [21, 22]. How-
ever, a limitation of this study was the small number of training sessions and the lack of
monitoring other changes in neuronal activity accompanying the reduction in Theta
waves, making it impossible to determine whether this reduction was associated with an
increase in alpha, beta, or a combination of both frequendies.

Hanslmayr ctal. [23] demonstrated that the perception of stimuli was associated with
lower activation in the Alpha band and greater engagement with Beta and Gamma fre-
quencies. [t was concluded that based on the analysis of these values, inferences could be
made about the subjects’ visual attention state [23]. Similar observations were made by
recording increased beta activity during the anticipation period before a stimulus [16,24].
Subsequent analyses also confirmed that greater activation in the beta band (especially in
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parietal areas) before the exposure to a visual stimulus was associated with shorter reac-
tion times [25].

Egner and Gruzelier [24] examined the effectiveness of applying SMR and betal pro-
tocols in improving perceptual abilities. Participants were divided into three groups - the
first group reinforced SMR waves, the second group reinforced betal waves, and the
third, a control group, did not underge any intervention. The analysis of the results
showed increased perceptual sensitivity in the SMR group and a significant reduction in
reaction times in the betal group, with no statistically significant differences in the control
group [24]. Ghaziri et al. [26], after analyzing the impact of EEG biofeedback training on
concentration, also observed increased visual and auditory attention efficiency due to
betal band stimulation. Moreover, they demonstrated structural changes in white and
gray matter as a result of the neurofeedback intervention, providing evidence of its effec-
tiveness [26].

These findings align with the results presented in this study, indicating the positive
impact of reinforcing the betal band at the C3 point in improving the visual reaction time
of judo athletes. They also confirm previous reports suggesting that beta band activation
during open eyes in the left hemisphere may be a predictor of training success [27]. EEG
biofeedback training based on the betal protocol, conducted by Gruzelier et al. [28] at the
(3 point, resulted in positive changes such as a reduced number of errors and less varia-
bility in reaction times [28]. Similar observations were made in this study, where favorable
modifications in the reaction times of judo athletes were achieved after EEG biofeedback
training conducted at the C3 point. This reaffirms the effective impact of interventions
based on reinforcing betal waves in this arca concerning the development of athletes' vis-
ual attention.

The study used EEG-biofeedback, a method based on self-regulation of brain wave
frequencies, especially Beta and Theta waves. The conducted training sessions and their
impact onimproving simple and complex reaction times were analyzed. It is worth noting
that this study focuses on a group of judo athletes with varying skill levels, adding context
to the relationship between skill level and training effectiveness. The research aligns with
general concepts in neurofeedback, which can be essential in analyzing the results of stud-
ies onits effectiveness in sports [29].

In the study investigating the impact of neurofeedback training on the reaction times
of judo athletes, attention was drawn to the comprehensive nature of the sports training
process. Sporting achievements result from prolonged efforts, which involve not only
technical-tactical and fitness preparation but also a significant psychological aspect. There
is a widespread belief among athletes and coaches that proper mental preparation is cru-
cial for achieving success at the highest level [14].

Emphasizing the role of psychelogy in training, the study focused on neurofeedback
training, especially on Beta and Theta waves associated with brain activity. The EEG-bio-
feedback method was employed, enabling self-regulation of brain wave frequencies. The
psychological aspect is, therefore, crucial in sports, as also indicated by studies by other
authors [1, 2, 3, 4]. Similarly, the issue of the frequency and intensity of biofeedback train-
ing, which is associated with fatigue [6, 7].

It is valuable to consider the context related to the skill levels of judo athletes, adding
depth to the analysis. The study aimed not only to improve results but also to understand
how brain wave activity influences reaction skills in the context of a specific sport, such
as judo. It is crucial to note that reaction time is significant in judo, where quick and pre-
cise reactions are key to success.

However, while the results are promising, further research is nceded, especially con-
sidering a larger number of participants and analyzing the long-term effects of training.
Additionally, the authors could consider incorporating other factors into the analysis,
such as stress levels or fatigue, which may also influence the reaction time.
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5. Conclusions

In summary, the study on the impact of EEG-biofeedback training focused on Beta
and Theta waves on simple and complex reaction times in judo athletes during the Vienna
Test seems promising. The results suggest that neurofeedback training may significantly
improve reaction skills in a sports context. However, for a fuller understanding and con-
firmation of these effects, further well-controlled studies are necessary. Long-term obser-
vations and those considering additional factors may provide a more comprehensive pic-
ture of the impact of psychological training on athletic achievements.

6. Practical implications

In the context of sports practice, the results of this study have potential implications
for coaches, sports psychologists, and judo athletes. It appears that EEG-biofeedback
training, focused on regulating Beta and Theta waves, could be an effective tool in im-
proving reaction times. The application of this type of training may be particularly bene-
ficial for sports where a quick reaction to stimuli is crucial, such as judo. Coaches may
consider integrating neurofeedback training into training programs to enhance their ath-
letes’ psychological effectiveness. However, due to individual differences among athletes,
itis essential to tailor the training to the specific needs of each athlete.

7.  Study limitations

[t is also important to note several limitations of this study. Firstly, the rescarch sam-
ple was relatively small, which may impact the overall representativeness of the results.
Therefore, these findings should be considered preliminary, and they require confirma-
tion in larger research groups. Secondly, the analysis did not account for other potential
factors influencing reaction time, such as fatigue or stress levels. Including these variables
in further rescarch could provide a more comprehensive picture, especially considering
the physical demands of combat sports.

8. Directions for future research

Based on the results of this study, certain directions for future research are suggested.
Tt would be crucial to expand the research sample, consider different levels of sports pro-
ficiency, and analyze the long-term effects of EEG-biofeedback training. Additionally, re-
searchers could contemplate incorporating other forms of psychological training to com-
pare their effectiveness with neurofeedback training. Comparing different methods could
yield valuable insights into optimal strategies for enhancing athletes’ reaction skills.

Finally, further studies should also take into account practical aspects of implement-
ing neurofeedback training into training programs, such as equipment availability and
training time requirements. Ultimately, a holistic approach to the psychological prepara-
tion of athletes requires consideration of various effective strategies, each tailored to ath-
letes' individual needs.
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