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I WYKAZ PRAC NAUKOWYCH WCHODZACYCH W SKEAD CYKLU

Rozprawe doktorska stanowi cykl publikacji powigzanych tematycznie sktadajacy si¢
z 4 oryginalnych artykuléw o lacznej punktacji 410 punktéw MNiSW oraz sumarycznym
wskazniku Impact Factor (IF) wynoszacym 7,1. Prace stanowig spdjny tematycznie cykl
o wspoOlnym tytule: ,,Wplyw ¢wiczen reakcyjnych na poziom wybranych zdolnosci
percepcyjnych 1 motorycznych siatkarzy i siatkarek w wieku 16 — 18 lat”. Ponizej
przedstawiono dane bibliograficzne, punkty ministerialne i warto$¢ wskaznika IF zgodne

z rokiem opublikowania pracy.

Publikacja 1.

Zwierko, M., Jedziniak, W., Popowczak, M., & Rokita, A. (2022). Reactive agility in
competitive young volleyball players: A gender comparison of perceptual-cognitive and
motor determinants. Journal of Human Kinetics, 85(1), 87-96. Punktacja MNiSW — 140

pkt, warto$¢ wskaznika IF — 1,9.

Publikacja 2.
Zwierko, M., Jedziniak, W., Popowczak, M., & Rokita, A. (2023). Effects ofin-
situ stroboscopic training on visual, visuomotor and reactive agility in youth volleyball

players. PeerJ, 11, €15213. Punktacja MNiSW — 100 pkt, warto$¢ wskaznika IF — 2,3.

Publikacja 3.

Zwierko, M., Jedziniak, W., Popowczak, M., & Rokita, A. (2024). Effects of six-week
stroboscopic training program on visuomotor reaction speed in goal-directed movements in
young volleyball players: A study focusing on agility performance. BMC Sports Science,
Medicine and Rehabilitation, 16(1), 59. Punktacja MNiSW — 100 pkt, warto$¢ wskaznika
IF -2,1.

Publikacja 4.

Zwierko, M., Jedziniak, W., Popowczak, M., & Rokita, A. (2024). Effects of a 6-week
stroboscopic training program on specific blocking reaction speed in young volleyball
players. Physical Activity Review, 12(2),1-10. Punktacja MNiSW — 70 pkt, wartos¢
wskaznika IF — 0,8.



II WPROWADZENIE

Osiagnigcia sportowe, szczeg6lnie w dyscyplinach sportu o nawykach otwartych,
takich jak zespotowe gry sportowe, warunkowane sa wysoka efektywnoscig dziatan
wymagajacych szybkich 1 dokladnych reakcji motorycznych, ktéore sg gltownie
wywotywane bodzcami wzrokowymi. Szybkos¢ reakcji wzrokowo-motorycznej odnosi si¢
do zdolno$ci do wykonywania szybkich i precyzyjnych ruchéw ciala lub jego czesci
w odpowiedzi na bodziec wzrokowy. Obejmuje zaré6wno czas reakcji - od momentu
pojawienia si¢ bodzca do inicjacji ruchu - jak i czas potrzebny na wykonanie tego ruchu
(Hiilsdiinker i Mierau, 2021). Proces reakcji motorycznej angazuje szereg zlozonych
funkcji  psychoneurofizjologicznych,  czesto  okre§lanych  mianem  systemu
sensomotorycznego (Scott i wsp., 2000). System sensomotoryczny integruje sensoryczne,
motoryczne oraz centralne komponenty umozliwiajac precyzyjne i skoordynowane reakcje
ruchowe. Mechanizm powigzan procesdw neurosensorycznych i neuromig¢$niowych
obejmuje odbior bodzcow, ich przeksztalcanie w sygnaty nerwowe, ktore nastepnie sg
przesytane droga aferentng do osrodkowego uktadu nerwowego (OUN). W kolejnym
etapie system sensomotoryczny przetwarza 1 integruje te sygnaty w roznych osrodkach
OUN. Ostatecznie odpowiedz motoryczna jest realizowana poprzez aktywacj¢ migsni.
Zatem, proces przetwarzania informacji w dzialaniach motorycznych oparty jest na
mechanizmach centralnych, w ktérych zasadnicza role odgrywaja funkcje percepcyjne
(wstepne przetwarzanie bodzca, analiza cech, identyfikacja bodzca), decyzyjne (wybodr
odpowiedzi) i efektorowe (programowanie motoryczne 1 dostosowanie motoryczne)
(Erickson, 2007; Pashler, 1996). Uwzgledniajac zdolno$¢ adaptacyjng proceséOw reakcji
motorycznej (Hiilsdiinker i wsp., 2021a; Stone i wsp., 2018), ukierunkowany trening
sportowy moze znaczgco wptyna¢ na ich poprawe (Ando i wsp., 2004; Zwierko 1 wsp.,
2010).

W zespotowych grach sportowych wysoka skuteczno$¢ dziatan jest uzalezniona
od zdolnosci szybkiego rozpoznania i oceny sytuacji oraz efektywnego przeksztalcenia
tych informacji w odpowiedZz motoryczng (Aradjo 1 wsp., 2019). Badania wykazuja, ze
sportowcy na najwyzszym poziomie rozwijajg specyficzne adaptacje funkcjonalne

1 strukturalne w moézgu, ktére prowadza do lepszych wynikow behawioralnych



w poréwnaniu z osobami nieuprawiajgcymi sportu (Cheron i wsp., 2016; Nakata i wsp.,
2010; Perrey 1 Besson, 2018). Adaptacje te sg specyficzne dla dyscypliny i zaleza od
wymagan percepcyjnych, kognitywnych 1 motorycznych. Istnieje wigc potrzeba
opracowania metod wspierania kompetencji percepcyjno-kognitywnych i motorycznych
w treningu sportowym, specyficznych dla wymagan poszczegdlnych dyscyplin (Hadlow
1 wsp., 2018).

Pitka siatkowa nalezy do dyscyplin o wysokich wymaganiach w zakresie efektywnosci
procesOw reakcji motorycznych (Le Runigo i wsp., 2010; Piras 1 wsp., 2014; Zwierko
1 wsp., 2010). Z badan wynika, ze w poréwnaniu z przedstawicielami innych dyscyplin
sportu lub osobami nietrenujgcymi, siatkarze wykazuja przewage w testach oceniajacych
dynamike okulomotoryczng (Fortin-Guichard 1 wsp., 2020; Piras i wsp., 2010), zdolnosci
sledzenia wielu obiektow (Zhang 1 wsp., 2009) oraz szybkosci przetwarzania wzrokowo-
motorycznego (Lesiakowski i wsp., 2017; Piras 1 wsp., 2014; Zwierko i wsp., 2010).
Natomiast zawodnicy o dhuzszym doswiadczeniu sportowym w treningu siatkowki, w
poréwnaniu do poczatkujacych, charakteryzujg si¢ wyzszym poziomem zdolnosci
rozpoznawania schematow gry, antycypacji dziatan i podejmowania decyzji motorycznych
(De Waelle i wsp., 2021; Fortin-Guichard i wsp., 2020; Nuri i wsp., 2013; Piras i wsp.,
2014).

Ze wzgledu na kluczowe znaczenie efektywnos$ci dziatan motorycznych pod presja
czasu, prowadzone sg badania nad opracowaniem skutecznych metod zwigkszajacych
szybko$¢ przetwarzania wzrokowo-motorycznego u siatkarzy. Na przyklad, badanie
przeprowadzone przez Fleddermanna i wsp. (2019) koncentrowato si¢ na ocenie wptywu
osmiotygodniowego treningu percepcyjno-kognitywnego na szybko$¢ przetwarzania
wzrokowego, pami¢¢ operacyjng i utrzymanie uwagi (transfer bliski) oraz elementy
sprawno$ci specjalnej w pilce siatkowej (transfer daleki). W badaniu wykorzystano
trojwymiarowe zadanie S$ledzenia wielu obiektow realizowane w  warunkach
laboratoryjnych. Wyniki badan potwierdzily pozytywny wptyw programu na rezultaty
uzyskane przez badanych siatkarzy w testach bezposrednio zwigzanych z interwencja
percepcyjno-kognitywna (transfer bliski), jednak nie wykazano wptywu interwencji na
zadania sprawnos$ci specjalnej. Z kolei Fortes i1 wsp. (2020) wykazali poprawe

w podejmowaniu decyzji motorycznych u mtodych siatkarzy dzigki o$miotygodniowe;j



interwencji zgodnej z opisanym protokolem treningu percepcyjnego. Grupa
eksperymentalna uczestniczyla w treningu, ktory polegal na obserwowaniu obrazdéw
1 filmow przedstawiajacych skuteczne akcje w czasie gry. Ocena podejmowania decyzji
motorycznych zostala przeprowadzona za pomoca symulacji, ktéra odwzorowywata
warunki oficjalnego meczu siatkowki. Ponadto, Formenti i wsp. (2019) ocenili wplyw
treningu percepcji wzrokowej na efektywnos$¢ dziatan motorycznych w pitce siatkowe;.
Autorzy wykazali, ze tradycyjny trening siatkarski poprawil skuteczno$¢ umiejetnosci
technicznych (wystawy i1 zagrywki). Z kolei uczestnictwo w treningu prowadzonym
w warunkach niespecyficznych przyniosto wigksza poprawe w zakresie funkcji
percepcyjno-kognitywnych (czas reakcji, kontrola wykonawcza i szybko$¢ rozpoznawania
bodzcow), jednak z niewielkim efektem transferu na poprawe umiejetnosci technicznych.
Wyniki te wskazuja, ze specyfika srodowiska treningowego ma kluczowe znaczenie dla
ksztattowania umiejetnosci technicznych i zdolnos$ci percepcyjno-kognitywnych.

Jednym z nowych trendow w treningu percepcyjno-kognitywnym prowadzonym
w warunkach specyficznych dla dyscypliny sportu jest trening stroboskopowy. Trening
stroboskopowy to technika, ktora zwicksza wymagania wobec systemu wzrokowo-
motorycznego poprzez dostarczanie przerywanych bodzcow wzrokowych podczas
typowych dzialan motorycznych, prowadzac do poprawy wydajnosci tych dzialan w
standardowych warunkach widzenia (Wilkins 1 Appelbaum, 2020). Wyniki badan
naukowych wskazuja, ze trening stroboskopowy jest skuteczny w poprawie funkcji
percepcyjno-kognitywnych, umiejetnosci technicznych i1 zdolnosci motorycznych. W
zakresie funkcji percepcyjno-kognitywnych obserwowano migdzy innymi znaczaca
poprawe wrazliwosci sensorycznej na bodzce wzrokowe 1 lepszg antycypacj¢ czasu
(Appelbaum 1 wsp., 2011; Ballester 1 wsp., 2017), skrécenie czasu reakcji wzrokowo-
motorycznej (Hiilsdiinker i wsp., 2021a) oraz poprawe zdolnosci $ledzenia wielu obiektow
(Bennett i wsp., 2018). W odniesieniu do zdolno$ci motorycznych, strategia treningowa
oparta na zastosowaniu okularéw stroboskopowych wykazata pozytywny wpltyw na
koordynacje¢ oko-rgka (Ellison 1 wsp., 2020), wyniki sity reakcyjnej w skokach pionowych
(Kroll i wsp., 2023) oraz stabilno$¢ posturalng (Lee i wsp., 2022). Ponadto, korzystne
efekty stymulacji stroboskopowej zaobserwowano rowniez w przypadku umiejetnosci

chwytu pitki (Wilkins & Gray, 2015) oraz specyficznych umiejetnosci w dyscyplinach



sportowych, takich jak hokej na lodzie (Mitroff i wsp., 2013) i badminton (Hiilsdiinker
1 wsp., 2021a).

Jak dotad, nie prowadzono badan dotyczacych =zastosowania interwencji
stroboskopowej w treningu siatkarskim w kontek$cie doskonalenia procesow reakcji
wzrokowo-motorycznej z uwzglednieniem plci zawodnikow. Problem badawczy cyklu
prac pod wspdélnym tytutem ,Wplyw ¢wiczen reakcyjnych na poziom wybranych
zdolnosci percepcyjnych i motorycznych siatkarzy i1 siatkarek w wieku 16 — 18 lat”
koncentruje si¢ na wieloaspektowe] ocenie efektywno$ci zastosowania ¢wiczen
reakcyjnych w doskonaleniu procesow szybkosci reakcji wzrokowo-motorycznej
u mtodych zawodnikow. W podjetym projekcie pojecie ¢wiczen reakcyjnych rozumiane
jest jako zestaw zadan treningowych na boisku, majacych na celu stymulowanie i poprawe
zdolnosci do szybkiego 1 precyzyjnego reagowania na bodzce wzrokowe, realizowanych
zarowno w warunkach widzenia stroboskopowego, jak 1 widzenia niezakldconego.
Zaprojektowane badania eksperymentalne majag na celu sprawdzenie skuteczno$ci
proponowanej interwencji w procesie treningowym mtodych siatkarzy i siatkarek, zar6wno
w zakresie percepcji wzrokowej (efekty percepcyjne), jak i dziatan motorycznych (efekty
motoryczne). Pomiaréw dokonano w warunkach laboratoryjnych oraz w rzeczywistym
srodowisku specyficznym dla pitki siatkowej. Zrealizowane badania majg praktyczne
zastosowanie, a uzyskane wyniki pozwolg na wdrozenie oraz doskonalenie programéw

treningowych dla mlodych siatkarzy i siatkarek.



III CEL BADAN
3.1. Cel glowny

Celem glownym badan byla wieloaspektowa analiza skuteczno$ci zastosowania

¢wiczen reakcyjnych na poziom wybranych zdolnosci percepcyjnych i motorycznych

mtodych sportowcdéw podejmujacych systematyczny trening pitki siatkowej. Dla realizacji

celu glownego opracowano szeSciotygodniowy program interwencji opierajagcy si¢ na

zadaniach specyficznych dla pitki siatkowej, wykonywanych zaréwno z uzyciem okularow

stroboskopowych, jak 1 bez nich.

1)

2)

3.2. Cele szczegotowe
W badaniach wyznaczono nastepujace cele szczegdtowe:

Analiza percepcyjnych 1 motorycznych uwarunkowan zwinnosci reakcyjnej

zawodniczek i1 zawodnikow podejmujacych trening siatkdwki (publikacja 1).

Wstepnym etapem badan bylta identyfikacja czynnikow percepcyjnych i motorycznych
determinujacych poziom zwinnosci reakcyjnej siatkarzy i siatkarek w wieku 16-18 lat.
Zwinno$¢ reakcyjna obejmuje zdolno$¢ do szybkich ruchow catego ciata,
umozliwiajacych zmiany predkosci lub kierunku w reakcji na nieoczekiwane bodzce
(Sheppard 1 Young, 2006), co odgrywa fundamentalng role w skutecznych dziataniach
motorycznych zawodnikow w pitce siatkowej (Bonato i wsp., 2022). Przyjmuje sie, ze
zarOwno komponenty motoryczne, jak i1 percepcyjne sg integralnymi elementami
zwinnosci reakcyjnej (Spiteri 1 wsp., 2018). Bioragc pod uwage gtowny cel pracy,
identyfikacja czynnikéw determinujgcych zwinno$¢ reakcyjng postuzyta jako podstawa
do zaprojektowania badan eksperymentalnych oceniajacych skuteczno$¢ cEwiczen
reakcyjnych w konteksécie wybranych zdolnosci percepcyjnych i motorycznych w pilce

siatkowej.

Ocena efektow zastosowania programu ¢wiczen reakcyjnych na wybrane zdolnosci
percepcyjne 1 motoryczne zawodnikow podejmujgcych systematyczny trening pitki

siatkowej (publikacje 2 1 3).
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Gléwnym aspektem tego etapu badan byta analiza wplywu sze$ciotygodniowego
programu ¢wiczen reakcyjnych, z wykorzystaniem i bez wykorzystania okularéw
stroboskopowych, na wyniki prob oceniajacych zdolnosci percepcji wzrokowej oraz
poziom zwinnos$ci. Diagnozowano szybko$¢ reakcji motorycznej na bodzce proste
1 zlozone, wrazliwo$¢ sensoryczng, dynamike okulomotoryczng podczas lokalizacji
obrazow w przestrzeni oraz zwinno$¢ reakcyjng i adaptacje sensomotoryczng ocenione
w warunkach specyficznych (na boisku do pitki siatkowej). Analiza uwzgledniata

rowniez wyniki uczestnikow uzyskane 4 tygodnie po zakonczeniu interwencji.

3) Ocena skuteczno$ci stosowania programu c¢wiczen reakcyjnych jako narzedzia
wspomagajacego ksztattowanie sprawnosci specjalnej wsrod mlodych zawodnikow

uprawiajacych pitke siatkowa (publikacja 4).

Glownym celem tego badania byta ocena wplywu sze$ciotygodniowego programu
¢wiczen reakcyjnych, realizowanego z uzyciem oraz bez uzycia okularéw
stroboskopowych, na efekt transferu dalszego. Analiza ukierunkowana byla na
okreslenie zmienno$ci wynikéw zadania testowego wymagajacego szybkosci reakcji

wzrokowo-motorycznej podczas specyficznego zadania blokowania.

3.3. Hipoteza badawcza

Zgodnie z wczesniejszymi badaniami (Appelbaum 1 wsp., 2011; Hiilsdiinker i wsp.,
2021a, 2021b) przyjeto hipoteze, ze trening z uzyciem okularéw stroboskopowych bedzie
bardziej efektywny w poprawie funkcji wzrokowych i szybkosci reakcji wzrokowo-
motorycznej oraz  wynikdbw  prob  diagnozujagcych ~ zwinno$¢  reakcyjna
1 szybkos$¢ reakcji wzrokowo-motorycznej w specyficznym zadaniu blokowania,

w poréwnaniu do tego samego treningu prowadzonego bez okularéw stroboskopowych.



11

VI MATERIAL I METODY BADAWCZE

4.1. Osoby badane

Ogoélem w badaniach (publikacja 1) udzial wzigto 135 mtodych siatkarzy w wieku
16 —18 lat reprezentujacych kluby sportowe AZS-AWF Wroctaw, Gwardia Wroctaw
1 SMS Chemik Police, w tym 61 me¢zczyzn (wysokos¢ ciata: 187,0 £ 5,5 cm, masa ciata:
76,7 + 8,1 kg, wiek: 17,0 £ 0,8 lat, staz sportowy: 6,7 + 1,2 lat, liczba treningéw w
tygodniu: 6,9 + 1,3) oraz 74 kobiet (wysokos¢ ciata: 176,6 = 5,4 cm, masa ciata: 65,8 & 8,2
kg, wiek: 17,0 = 0,7 lat, staz sportowy: 6,3 + 1,3 lat, liczba treningdéw w tygodniu: 6,7
+ 1,4). Kryteriami wiaczenia do badan byto: uczestnictwo w systematycznych treningach
siatkowki odbywajacych si¢ co najmniej 5 razy w tygodniu, z minimalnym tygodniowym
obcigzeniem czasowym treningu wynoszacym 7 godzin, uczestnictwo w rozgrywkach pitki
siatkowej w sezonie, w ktérym dokonywano pomiaréw oraz posiadanie licencji PZPS
uprawniajace] do udzialu we wspolzawodnictwie sportowym. Kryteriami wylgczenia
z badan byly urazy i kontuzje uniemozliwiajace przeprowadzenie badan.

Kolejne etapy badan (publikacje 2 — 4) przeprowadzono wsrdéd 50 zawodnikow
1 zawodniczek klubow sportowych AZS-AWF Wroctaw (kobiety) i Gwardia Wroctaw
(mezczyzni). Kazda grupe (kobiet 1 mezczyzn) podzielono losowo na dwie podgrupy:
eksperymentalng i kontrolng. Dodatkowymi kryteriami wylaczenia os6b z grupy
eksperymentalnej byly warunki zdrowotne uniemozliwiajace wykonywanie ¢wiczen
w okularach stroboskopowych (epilepsja, migreny, nadwrazliwo$¢ na $wiatto
stroboskopowe). Charakterystyke badanych grup przedstawiono w Tabeli 1. Projekt
badawczy wuzyskatl akceptacje Komisji ds. Etyki Badan Naukowych Akademii

Wychowania Fizycznego we Wroctawiu (uchwata nr 8/2021).
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Tabela 1. Charakterystyka opisowa ($rednia + odchylenie standardowe) grupy

eksperymentalnej oraz grupy kontrolne;j.

Grupa eksperymentalna  Grupa kontrolna P
(n=25) (n=25)

Wiek (lata) 16,4 +0,7 16,6 £ 0,5 0,254
Kol?lety,(n.) 12 12 0.777"
Mezezyzni (n) 13 13

Wysokos¢ ciata (cm) 180,2 £ 8,2 181,9 + 8,1 0,470
Masa ciata (kg) 74,3 £10,4 71,6 £8,9 0,340
Staz sportowy (lata) 6,7+ 1,1 6,6 £1,3 0,732
Efektywny czas trwania ¢wiczen

reakcyjnych (min/tygodnie) 450=14 46,1 £2.0 0,152

P~ odpowiada wartosciom testu t, z wyjqtkiem jednego przypadku oznaczonego symbolem ,#”, gdzie
zastosowano statystyke chi-kwadrat.

4.2. Metody badawcze

W badaniach wykorzystano metode obserwacji, w ramach ktorej dokonano diagnozy:
szybkosci reakcji motorycznej, wrazliwosci sensorycznej, funkcji okulomotorycznych
(ruchy $ledzace 1 ruchy sakkadowe oka), sity eksplozywnej konczyn dolnych, zwinnosci
opartej na schemacie biegu, zwinnosci reakcyjnej oraz elementéw sprawnosci specjalnej
(publikacje 1 — 4). Po pierwszym etapie badan zrealizowano eksperyment technika grup
réwnoleglych. Uzyskane wyniki badan poddano analizie, wykorzystujac metody
statystyczne. Diagnoze zmiennych szybkosci reakcji motorycznej, wrazliwosci
sensorycznej oraz funkcji okulomotorycznych dokonano w warunkach laboratoryjnych.

Do oceny poziomu szybko$ci reakcji motorycznej zastosowano Wiedenski System
Testow (Schuhfried, Austria). Metoda pomiarowa oparta jest na technologii komputerowe;j,
w sktad ktorej wchodzit panel sterujacy, program zarzadzajacy i operacyjny. Test Czasu
Reakcji RT (SRT) wersji S1 stuzyt do oceny szybko$ci reakcji motorycznej na proste
bodzce wzrokowe. Cykl reakcji sktadat si¢ z 28 bodzcow $wietlnych, generowanych
w réznych, losowo dobranych odstepach czasu (2,5 — 6,0 s). Czas emisji bodzca wynosit
1 sekund¢. Na zaprogramowane bodzce badany udzielal odpowiedzi za pomocg ,,klawisza
reakcji” znajdujacego si¢ na panelu sterujgcym. Ponizej tego klawisza znajdowat sie
,»klawisz oczekiwania”. Osoba badana najpierw opierata palec na ,,klawiszu oczekiwania”,

a po zauwazeniu bodZzca jak najszybciej zwalniata ,klawisz oczekiwania” i1 naciskala
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»Klawisz reakcji”. Czas trwania testu wlasciwego wynosit 4 minuty. Test reakcji
wykonywano palcem wskazujacym rgki dominujgcej. Analizie poddano nastepujace
parametry: mediana szybkos$ci reakcji [ms] (odstgp czasowy pomiedzy poczatkiem danego
bodzca a naci$nigciem klawisza reakcji), mediana czasu reakcji [ms] (odstgp czasowy
pomiedzy bodzcem a zwolnieniem klawisza oczekiwania), mediana czasu ruchu prostego
[ms] (odstep czasowy pomiedzy zwolnieniem klawisza oczekiwania a nacis$ni¢gciem na
klawisz reakcji) (Prieler, 2008).

Test Decyzji (DT) wykorzystano do oceny szybkosci reakcji motorycznej na bodzce
zlozone (reakcja z wyborem). Zadaniem badanego bylo wilasciwe wybranie kolorow
1 dzwigkdow oraz pojgciowe powigzanie ze sobg odpowiednich cech bodzcow (kolor,
dzwigk) 1 elementow kontrolnych. Test wymagat cigglych i krotkotrwatych reakcji na
szybko zmieniajagce si¢ bodzce. Podczas testowania generowano dziesi¢¢ bodzcow
optycznych w kolorach: biatym, zottym, czerwonym, zielonym 1 niebieskim.
Poszczegdlnym kolorom lampek przyporzadkowano pig¢ odpowiednich klawiszy reakc;ji,
na ktore osoba testowana naciskata prawg lub lewa reka, natomiast biate lampki na
czarnym tle wymagaty przycisnigcia prawego lub lewego pedatu noga. Dostepne byly
réwniez bodzce akustyczne (wysoki i1 niski dzwigk), przyporzadkowane prostokatnym
biatym klawiszom (reakcja jedna reka lub obiema). Na pojawiajace sie¢ bodzce nalezalo
reagowaé poprzez nacisni¢cie ,,przyporzadkowanych” im klawiszy. Analizie poddano
liczbe reakcji prawidtowych [n], oraz szybkos¢ reakcji [ms] - przecigtny odstep czasowy
miedzy wygenerowaniem bodzca a prawidtowa reakcja (Neuwirth i Benesch, 2007).

Ocene wrazliwosci sensorycznej (publikacje 1 1 2) dokonano wykorzystujac test
czestosci migotania-fuzji (FFT) (ang. flicker-fusion frequency), wchodzacy w sktad
Wiedenskiego Systemu Testow (Schuhfried, Austria). Zastosowano go do oceny progu
czutoéci sensorycznej. W zadaniu zrodto $wiatta umieszczone byto w ciemnej tubie
z podswietlanym tlem. Wewnatrz tuby, w centrum widzenia, znajdowat si¢ czerwony
punkt (punkt fiksacji). Poczatkowo badany postrzegat §wiatlo jako state (niemigoczace),
a nastepnie czgstotliwo$¢ czerwonego punktu stopniowo malata, az do subiektywnego
odczucia migotania. Badany mial rozpozna¢ zmiang czgstotliwosci zrodla $wiatta
(z niemigoczacego na migoczace) poprzez naci$niecie przycisku. Srednia warto$é

pomiaréw dokonanych podczas trybu malejacego odpowiadata czestotliwosci [Hz], przy
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ktoérej $§wiatlo przechodzilo ze stanu stalego do migoczacego, zgodnie z subiektywnym
odczuciem (Neuwirth 1 Eberhardt, 2003).

Do oceny funkcji okulomotorycznej wykorzystano test sledzenia liniowego (LVT),
wchodzacy w sktad Wiedenskiego Systemu Testow (Schuhfried, Austria). Zastosowano go
do oceny ruchow $ledzacych oczu wymuszonych przez proste struktury optyczne. Na
ekranie monitora znajdowato si¢ dziewie¢ wzajemnie przecinajacych si¢ linii, z ktorych
kazda biegla od gory ekranu do jednego z dziewigciu ponumerowanych punktow
docelowych. W tescie nalezato §ledzi¢ wzrokiem i1 odszuka¢ koniec wskazanej linii, a
nastepnie jak najszybciej wcisngé przycisk odpowiadajacy wilasciwej cyfrze. Test trwat
okolo 5 minut, podczas ktérych wykonywano 18 préob o zrdéznicowanym poziomie
trudnosci (Karner i Neuwirth, 2000). Analizie poddano $redni czas [s] oraz liczbg
poprawnych odpowiedzi [n] (publikacja 1).

Do oceny ruchow sakkadowych oka zastosowano system EyeTracker (ET)
(SensoMotoric Instruments, Teltow, Niemcy). System w postaci okularéw i kontrolera
rejestrujgcego obraz (SMI ETG 2w, Niemcy) umozliwial analiz¢ percepcji wzrokowe;j
w $rodowisku rzeczywistym. Okulary ET z kamerg sceny o jakosci HD (1280x960 fps),
automatyczng korekcja btedu paralaksy i czestotliwo$cia rejestracji ruchow oka w zakresie
60 Hz, byly polaczone interfejsem z urzadzeniem rejestrujagcym, smartfonem SAMSUNG
Galaxy S4, ktory byt umieszczony w saszetce umocowanej na plecach badanego
zawodnika. Dane analizowano przy uzyciu oprogramowania SMI BeGaze. Analizie
poddano, $rednie przyspieszenie sakkad [°/s?], zwalnianie sakkad [°/s?’] oraz $rednig
predkos¢ sakkad [°/s] podczas zadania wyszukiwania wzrokowego. Test wyszukiwania
wzrokowego polegat na jak najszybszym wykryciu celu (czerwona litera E) sposrod
47 rozpraszajacych bodzcéw (odwrocona czerwona litera E, niebieska litera E 1 czerwona
litera F). Przeprowadzono 16 préb z losowo umieszczonymi literami, z ktérych osiem
zawieralo cel. Uczestnicy byli ustawieni w odleglosci 1 m od ekranu. Podczas
wyszukiwania wzrokowego uczestnicy uzywali jednego przycisku kontrolera do
potwierdzenia wykrycia celu (przycisk lewym kciukiem) oraz innego przycisku kontrolera
do odnotowania braku celu (przycisk prawym kciukiem) (publikacje 1-3) (Zwierko T.
1 wsp. 2019).
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Kolejne badania zrealizowano na boisku do pitki siatkowej. Do oceny poziomu sity
eksplozywnej konczyn dolnych wykorzystano system Optojump Next (Optojump,
Micrograte; Bolzano, Wtochy). Protokét badan obejmowal test wyskoku obunédz
z wymachem ragk (CMJA) (ang. countermovement jump with arm swing test) oraz test
wyskoku z przysiadu (SJ) (ang. squat jump), zgodnie z procedura podang przez Bosquet
1 wsp. (2009). Podczas testu SJ badany trzymat rgce byly trzymane na biodrach przez caty
czas trwania skoku. Analizowano wysokos$¢ skoku [cm]. Uczestnik wykonywat po dwa
skoki w kazdej probie, a do dalszej analizy wybrano najlepsze proby dla SJ i CMJA.

Ponadto, przeprowadzono probe tappingu stopami (FT) w celu oceny maksymalne;
czestotliwosci ruchow, zgodnie z protokotem zaproponowanym przez Kraussa (2011).
Proba ta mierzyt diagnozowata czestotliwos¢ ruchow stop w czasie 15 sekund. Obliczono
wspotczynnik FT (FTC = czgstotliwos¢ ruchdéw / czas kontaktu z podtozem x 100), przy
czym wyzszy wspotczynnik FTC wskazywal na wigksza zdolno$¢ do generowania
maksymalnej czg¢stotliwosci ruchu.

Ocene¢ poziomu zwinno$ci opartej na schemacie zmian kierunku biegu (COD) oraz
zwinno$ci reakcyjnej (RA) (publikacje 1— 3) przeprowadzono przy wykorzystaniu systemu
Fusion Smart Speed (Fusion Sport, Coopers Plains, QLD, Australia), zgodnie
z procedurg podang przez Popowczaka i wsp. (2020). Konstrukcja testu zakladata
ustawienie na obwodzie pétkola o promieniu 3 m pigciu bramek (fotokomorki 1 lusterka)
z wyznaczong mi¢dzy nimi linia 1 m, ktorg badany kazdorazowo musiatl przekraczaé
dwoma stopami. Na linii startu (mety) ustawiono mate¢ zintegrowang z fotokomorka.

W pierwszym scenariuszu (COD) schemat biegu byl zaplanowany, a uczestnik biegt
do bramek w okreslonej kolejnosci (1-5-2-4-3). W drugim scenariuszu (RA) uczestnik
biegl do losowo wybranych bramek, wskazywanych za pomocg sygnalu $wietlnego.
Odlegtos¢ pokonana przez uczestnikow kazdego z testow, COD i RA, wynosila 45
metrow. Zaréwno test COD, jak i test RA byly powtarzane dwukrotnie, a do analizy
wykorzystano najlepszy wynik [s] z kazdej proby.

W celu oceny adaptacji sensomotorycznej (publikacja 3) na podstawie wynikéw
testow COD 1 RA, obliczono wskaznik REAC-INDEX. Wskaznik REAC-INDEX
reprezentowatl réznice¢ czasu [s] miedzy wynikiem testu RA a wynikiem testu COD

(Fiorilli 1 wsp., 2017).
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Oceny sprawno$ci specjalnej (publikacja 4) dokonano systemem Fitlight®
(FITLIGHT Corp., Ontario, Kanada), ktéry wykorzystano do przeprowadzenia testu
oceniajacego szybkos$¢ reakcji wzrokowo-motorycznej podczas specyficznego zadania
blokowania, zaadaptowanego z procedury podanej przez Piaseckiego i wsp. (2015).
Badany przyjmowal pozycje¢ na $rodku boiska, przodem do siatki, 450 cm od linii boczne;.
W tescie uzyto szesciu dyskow $wietlnych, po trzy umieszczone z lewej i prawej strony
siatki. Pierwszy dysk $wietlny zamocowano na wysokosci 120 cm, w odlegtosci 50 cm od
badanego. Dwa kolejne dyski §wietlne umieszczono w odlegtosci 330 cm od linii startu, na
wysokosci odpowiednio 120 cm oraz 6 cm nad géornym pasem siatki (249 cm dla
me¢zezyzn, 230 cm dla kobiet). Test polegat na jak najszybszej deaktywacji kolejnych
dyskow s$wietlnych, przy zastosowaniu dowolnej techniki poruszania si¢ w bloku.
Wylaczenia trzeciego dysku $wietlnego nalezato wykona¢ po wyskoku z zamachem rak,
symulujac blok siatkarski. Dezaktywacje wszystkich dyskow $wietlnych skonfigurowano
w trybie dezaktywacji ,,na odlegto$¢” wynoszacym 60 cm. Opodznienie w uruchomieniu
kolejnej proby, wynosito od 3 do 5 sekund. Kazdy z badanych wykonat tacznie 6 préb
dojécia do bloku, po trzy z prawej i1 trzy z lewej strony, w losowe] kolejnosci. Test
wykonywano dwukrotnie z 5-minutowg przerwa pomigdzy probami. Najlepszy czas [s]

potrzebny na ukofczenie zadania zostat uwzgledniony w analizie wynikow.
4.3. Procedura badan eksperymentalnych

Badania eksperymentalne zrealizowano w celu oceny wplywu ¢wiczen reakcyjnych na
wybrane zdolno$ci percepcyjne i motoryczne (publikacje 2 — 4). Grupy badane,
eksperymentalna i kontrolna, poddano treningowi reakcyjnemu przez okres 6 tygodni.
Przebieg interwencji treningowej w grupie eksperymentalnej oparty byt na wykorzystaniu
trenazerow w postaci okularéw stroboskopowych Senaptec Strobe Training Goggles
(Senaptec Strobe, Beaverton, USA). Okulary stroboskopowe posiadaja zakrzywione
soczewki cieklokrystaliczne zapewniajace pelne pole widzenia (180 stopni) w trakcie
realizacji czynnosci ruchowej. W okresie interwencji ustawienia czgstotliwosci 1 cyklu
pracy okularow byly modulowane w celu uniknigcia efektow adaptacji do okreslonych
ustawieh migania oraz uzyskania oczekiwanej poprawy sprawnosci percepcyjno-

motorycznej (Hiilsdiinker 1 wsp., 2021a). Czestotliwo$¢ ,migania” okre§la liczbe
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przefaczen migdzy stanami przezroczystymi i nieprzezroczystymi na sekunde. Wymagania
zadan rosng wraz z aplikowaniem nizszej czestotliwosci. Cykl pracy okularéw
charakteryzuje wzgledng proporcje standéw przezroczystych i nieprzezroczystych podczas
jednego cyklu przestony (np.: cykl pracy 60% odpowiada 60% nieprzezroczystosci oraz
40% widzenia niezaktoconego). W kazdym tygodniu prowadzonej interwencji
zastosowano trzy okoto 20 minutowe treningi reakcyjne. Pomiaru funkcji percepcyjnych
1 motorycznych dokonywano przed, po zakonczeniu interwencji oraz po 4 tygodniach od
ukonczenia eksperymentu (Ryc. 1). Cwiczenia reakcyjne w okularach stroboskopowych
wykonywano $cisle wedlug zalecen i metodologii przyjetej przez badaczy podejmujacych
temat treningu stroboskopowego w grupach miodziezowych (Hiilsdiinker i wsp., 2021a).
W szczegdlnosci warunki treningu reakcyjnego obejmowaty ograniczenia czasowe
stosowania trenazera do 2,5 minuty z 2,5-minutowg przerwa, podczas ktorej zawodnicy
wykonywali ¢wiczenia w trybie ,,przezroczystym”. Dla sze$ciotygodniowego okresu
szkolenia zdefiniowano sze$¢ réznych ustawien czestotliwosci migania i cyklu pracy,
o charakterystyce zwiekszajacej si¢ trudnosci zadania wraz z trwaniem treningu zgodnie
z metodologia przyjeta przez Hiilsdiinker 1 wsp. (2021a, 2021b), tj. tydzien 1: 15 Hz, 50%;
tydzien 2: 13 Hz, 50%; tydzien 3: 11 Hz, 50%; tydzien 4: 10 Hz, 50%; tydzien 5: 9 Hz,
60%; tydzien 6: 9 Hz, 70%.

W  czasie eksperymentu realizowano przygotowane protokoly ¢wiczen
specjalistycznych z pitka, ktore zawodnicy wykonywali w okularach stroboskopowych
(grupa eksperymentalna) i bez okularéw stroboskopowych (grupa kontrolna). W treningu
reakcyjnym wykorzystano trzy gtéwne protokoty ¢wiczen z pitkami prowadzone na boisku
siatkarskim.

Protokot 1 — ,¢wiczenia z odbiciami o S$ciang” sktadat si¢ z zadan z pitkg
obejmujacych formy ¢wiczen ksztattujacych szybkos¢ reakcji motorycznej. Przyktadowe
¢wiczenie: zawodnik ustawiony przed $ciang, na ktdrej umieszczono optotypy (liczby).
Zadanie polegato na odbiciu pitki od $ciany, nastepnie wykonanie odbicie nad sobg, po
czym zawodnik starat si¢ dotkng¢ wyznaczonego optotypu i wréci¢ do pozycji wyjsciowe;,
aby kontynuowac odbicia pitki.

Protokoét 1T — obejmowat zadania doskonalgce szybkos¢ reakcji motorycznej w parach,

z wykorzystaniem zewngtrznych bodzcow ($wietlnych, kolorowych krazkoéw) oraz pitek
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tenisowych. Przyktadowe ¢wiczenie: zawodnik wykonywat odbicie nad soba i po drugim
kontakcie odbijat pitke do partnera. Podczas pierwszego odbicia partner sygnalizowal
jeden z czterech kolorow krazkow ustawionych miedzy ¢wiczacymi (niebieski, zielony,
czerwony, z6lty). Po podaniu zawodnik dotykal wyznaczonego znacznika i wracat
do pozycji wyj$ciowej, aby kontynuowac odbicia pitki.

Protokot III — sktadal si¢ z form podan ze zmiang kierunku pod presjg czasu.
Przyktadowe ¢wiczenie: czterech zawodnikow (dwie pary) ustawieni w rogach prostokata,
wykonywali odbicia sposobem gornym 1 dolnym do partneréw. Po odbiciu jednoczesnie

zmieniali pozycje zgodnie ze schematem rotacji, aby utrzymac pitke w grze.

2 |
,\)\w ,JX\L}\
s (<
Grupa eksperymentalna (n=25) Grupa kontrolna (n=25)

—

Pomiar 1

—

Z okularami - 6-tygodniowy - Bez okularéw
stroboskopowymi trening reakcyjny stroboskopowych

¢=

Pomiar 2

-

4-tygodniowy trening
pitki siatkowej

!

Pomiar 3

Ryec. 1. Schemat postgpowania eksperymentalnego z zaznaczeniem trzech terminéw badan.
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4.4. Metody statystyczne
W opublikowanych pracach zastosowano nast¢pujace metody statystyczne:

Statystyki opisowe przedstawiono jako $rednie i odchylenia standardowe (publikacje 1
—4).

Normalno$¢ rozktadu danych zbadano za pomoca testu Shapiro-Wilka, a jednorodnos¢
wariancji potwierdzono za pomoca testu Levenena (p > 0,05) (publikacje 1—4).

Test t-Studenta dla dwoch niezaleznych grup (kobiety vs. mezczyzni). Wielkos¢ efektu
dla porownan par byla réwniez okreslana za pomoca wspotczynnika d Cohena (Cohen,
1988) (publikacja 1).

Analize regresji wielokrotnej (publikacja 1).

Analize korelacji Pearsona wykorzystano do okreslenia zalezno$ci migdzy zmiennymi
(publikacje 11 3).

Dwuczynnikowg analiz¢ wariancji ANOVA z czynnikiem migdzygrupowym GRUPA
(grupa eksperymentalna, grupa kontrolna) i czynnikiem wewnatrzgrupowym CZAS
(pomiary przed i po interwencji oraz test retencyjny). Do zbadania r6znic wykonano
testy post-hoc za pomocg procedury Holm-Bonferroni. Wielko$¢ rdéznic (miary
wielko$ci efektow) przedstawiono za pomoca wspotczynnika d Cohena i1 czgsSciowej
eta-kwadrat (np?) odpowiednio dla testow t i F (publikacje 2 —4).

Analizg kowariancji (ANCOVA) dla badanych zmiennych (publikacje 3 i 4).
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V WYNIKI BADAN

5.1. Analiza percepcyjnych i motorycznych uwarunkowan zwinnosci reakcyjnej (RA)

zawodniczek i zawodnikow podejmujacych trening siatkowki (publikacja 1)

Na podstawie wynikow analizy regresji stwierdzono istotny wplyw czynnika PLEC
na uzyskane wyniki testu zwinnosci reakcyjnej (RA). Pte¢ wyjasniata 30% (skorygowany
R? = 0,303, F (1,133 = 59,250, p < 0,001) zmiennos$ci wynikéw testu RA. Standaryzowany
wspotczynnik B (B =-0,555, B =-1,499, t =7,697, p < 0,001, 95% CI od -1,885 do -1,114)
wskazuje, ze siatkarze uzyskali lepsze wyniki w tescie RA (17,573 £ 1,156 vs. 19,072
+ 1,102, wielkos$¢ efektu d = 1,33) niz siatkarki, dlatego wybor najlepszego podzbioru
zmiennych determinujacych zmiennos$¢ wynikow RA przeprowadzono z podziatem na ptec¢
badanych. W analizowanych parametrach siatkarze osiagneli lepsze wyniki od siatkarek
w trzech zmiennych dotyczacych zdolno$ci motorycznych oraz w pigciu zmiennych
opisujacych funkcje percepcyjno-kognitywne. Roznice te mialy duze (0,84 do 2,58),
srednie (0,64 do 0,73) oraz mate (0,31 do 0,35) wielkosci efektow (Tabela 2).

Tabela 2. Wartosci opisowe 1 statystyki porownawcze wynikow testow motorycznych

1 testow percepcyjno-kognitywnych w grupach siatkarek 1 siatkarzy.

Zmienne Iizl;;eg M(Q;i?ﬁnl t D Cohen's d

Testy motoryczne

RA [s] 19,07 £ 1,10 17,57 £1,16 7,69 <,001 1,33
SJ [cm] 26,53 + 4,86 36,25+ 7,17 -8,56 <,001 1,48
CMJA [cm] 28,87 +4,51 44,25 + 735 -14,93  <,001 2,58
FTC 37,85+ 6,71 44,42 + 8,26 -5,10 <,001 0,88
Testy percepcyjno-kognitywne

SRT [s] 0,420 + 0,070 0,379 + 0,056 3,70 <,001 0,64
DT czas reakcji [s] 0,744 = 0,057 0,697 + 0,071 4,24 <,001 0,73
DT liczba reakcji [n] 24426 +£27,95 254,36 £29,74 -2,03 0,044 0,35
LVT _czas odpowiedzi [s] 3,396 + 0,49 3,25+0,5 1,76 0,080 0,31
LVT liczba zadan [n] 17,28 £ 1,14 17,03 £ 0,99 1,35 0,181 0,23
FFT [Hz] 43,40 £ 6,74 44,22 + 6,84 -0,70 0,487 0,12
SAD_ przyspieszenie [°/s”] 4472,30 + 55,16 5231,39+ 83,86 -4.86 <,001 0,84
SAD zwalnianie [°/s*] 487,93 £9526 491,13 +83,61 -0,21 0,838 0,04
SAD predkosc¢ [°/s] 84,09 £ 17,26 99,55+ 13,95 -5,64 <,001 0,98

RA — zwinnos¢ reakcyjna, SJ — sita eksplozywna: wyskok z przysiadu, CMJA — sita eksplozywna: wyskok
obunoz z wymachem rgk, FTC — maksymalna czestotliwos¢ ruchow konczyn dolnych (tapping), SRT — czas
reakcji prostej, DT — szybkosc¢ reakcji ztozonej, LVT — Sledzenie liniowe, FFT — wrazliwos¢ sensoryczna,
SAD — dynamika sakkadowa
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Analiza korelacji Pearsona wykazata dziewie¢ istotnych (p < 0,05) korelacji pomigdzy
RA a nastepujagcymi parametrami tj.: SJ (R = -0,500, p < 0,001), CMJA (R= -0,668,
p < 0,001), FTC (R= -0,438, p < 0,001), SRT (R = 0,287, p < 0,001), DT czas reakcji
(R = 0,329, p < 0,001), LVT czas odpowiedzi (R = 0,272, p < 0,01), FFT (R= -0,258,
p < 0,01), SAD przyspieszenie (R = - 0,363, p < 0,001) i SAD_predkos¢ (R = - 0,385,
p < 0,05). Biorac pod uwage zaistniala wspotliniowos¢é, w dalszej analizie regresji
wykorzystano siedem zmiennych.

Analiza modeli regresji wskazuje, ze w przypadku siatkarek najlepszy podzbior
analizowanych zmiennych wyjasnial 34,5% wariancji RA, a u siatkarzy — 23,6% (Tabela
3). Standaryzowane wartosci wspotczynnikow regresji (B) dla zmiennych niezaleznych
w uzyskanych modelach u siatkarek wskazuja, ze CMJA (B = -0,387; p < 0,001), czas
odpowiedzi LVT (B = 0,229; p = 0,020) oraz FFT (B = -0,326; p = 0,001) istotnie
przyczynity si¢ do wyjasnienia zmienno$ci wynikow RA. Natomiast u siatkarzy CMJA
(B =-0,494; p <0,001) i DT czas reakcji (B = 0,225; p = 0,054) mialy istotny wpltyw na
wyniki RA, co oznacza, ze lepsze wyniki RA osiggali zawodnicy z lepszymi wynikami

w CMJA 1 krétszym czasem reakcji ztozonej DT.

Tabela 3. Skorygowane wspétczynniki determinacji w najlepszych modelach

wyjasniajgcych zmiennos¢ RA.

Model R R’ Skorygowane Statystyki resztowe
2
R F »
Kobiety
RA*® 0,610 0,372 0,345 13,815 <,001
Mezezyzni
RA" 0,511 0,261 0,236 10,262 <,001

Zmienna zalezna: RA

“ Determinanty RA dla zawodniczek: CMJA - sila eksplozywna: wyskok obundz z wymachem rgk, LVT
Sledzenie liniowe, czas odpowiedzi, FFT- wrazliwo$¢ sensoryczna

b Determinanty RA dla zawodnikéw: CMJA - sita eksplozywna: wyskok obunéz z wymachem rak, DT czas
reakcji ztozonej
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5.2. Ocena efektow zastosowania programu c¢wiczen reakcyjnych na wybrane
zdolno$ci percepcyjne i motoryczne zawodnikow podejmujacych systematyczny

trening pilki siatkowej (publikacje 2 i 3)

Przed realizacja badan eksperymentalnych dokonano analizy poréwnawczej
(kontrolnej) grup badanych wzgledem parametrow wieku, cech antropometrycznych, plci,
stazu treningowego oraz efektywnego czasu trwania ¢wiczen reakcyjnych (Tabela 1).
Nie stwierdzono istotnych roznic miedzygrupowych w poréwnywanych zmiennych
miedzy grupa eksperymentalna a grupa kontrolna.

Do analizy zmienno$ci wynikéw testow funkcji percepcyjnych i motorycznych
w grupach badanych zastosowano dwuczynnikowa analize wariancji ANOVA
z czynnikiem miedzygrupowym GRUPA (grupa eksperymentalna, grupa kontrolna)
1 czynnikiem wewnatrzgrupowym CZAS (pomiary przed i po interwencji oraz test
retencyjny). Statystyki opisowe wynikow w warunkach przed, po i miesigcu od ukonczenia
eksperymentu (test retencyjny) dla grupy eksperymentalnej i kontrolnej przedstawiono
w Tabeli 4.
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Tabela 4. Statystyka opisowa parametrow wzrokowych, wzrokowo-motorycznych

1 zwinno$ci reakcyjnej w grupie eksperymentalnej i kontrolnej w trzech terminach badan.

Pre-test Post-test Test retencyjny
Zmienne Grupa X +SD X+SD X +SD
(min-max) (min-max) (min-max)

Szybkosé reakeji prostej Fontrolna 130,32 £34,51  129,12+32,18 131,24+ 26,61
ot et prosiogs (75,00 — 207,00) (79,00 —212,00) (87,00 — 195,00)
(ms] ekperymentalna 13340+ 36,75 118803739 121,00 %4049
(80,00 —222,00) (61,00 —219,00) (77,00 — 227,00)
Kontrolna 2737245266 272,56 +43,59 273,64 + 42,56
Szybkosé reakeji prostej (220,00 — 447,00) (206,00 — 393,00) (203,00 — 401,00)
- czas reakcji [ms] 270,96 £ 44,51  263,20+35,98 272,44+ 41,03
(195,00 — 386,00) (206,00 —322,00) (206,00 — 392,00)
Fontrolna 719,60+ 69,49 697,20 +77.81 684,80 + 78,91
Szybkos¢ reakii (630,00 — 870,00) (600,00 — 860,00) (580,00 — 890,00)
ztozonej [ms] 73720+ 6249 67440+ 61,58 662,80 + 81,27

ekperymentalna

ckperymentalna o) 60 850.00) (570,00 — 800,00) (540,00 — 870,00)

Fontrolna 46,84 + 4,31 46,68 + 5,51 47,08 £ 6,46

Wrazliwo$¢ sensoryczna (39,91 -5536) (38,53 -58,83) (37,51 —59,88)
[Hz] ekperymentalna 2401 % 5:69 46,60 + 5,22 44,80 + 6,23

(33,90-57.25) (39,04 —59,88) (30,64 — 56,20)
Kontrolna 100,10+ 11,07 98,20 +9,37 100,93 + 8,51

Dynamika sakkad [°/s] (81,92 - 121,49) (84,32-119,.23) (85,50 —119,65)
ekperymentalna 0430 % 973 99,26 + 9,09 101,38 + 6,89

(81,03-116,93) (84,17 -119,07) (88,44 -116,58)
Fontrolna 18,61 = 1,09 18,39 + 1,14 18,04+ 1,15

Zwinnosé reakeyjna [s] (16,24 -20,40) (16,00 —20,35) (16,19 —20,30)
ekperymentalna 1818 1:23 17,62 + 0,98 17,88 + 1,32

(16,35-20,58)  (16,40—19,25) (15,92 —20,32)

Analiza wariancji ANOVA dla czasu ruchu prostego testu szybkos$ci reakcji prostej
ujawnita znaczacy wptyw efektu gldownego CZAS (F2.96 = 4,59, p = 0,013, np2 =0,09) oraz
brak wplywu czynnika GRUPA (F,43 = 0,38, p = 0,542, np® = 0,01) na zmienno$é
badanego parametru. Ponadto, zaobserwowano interakcje pomiedzy czynnikami CZAS
1 GRUPA (F».96 = 4,06, p = 0,020, np> = 0,08). W grupie eksperymentalnej stwierdzono
istotne roznice pomi¢dzy pomiarami przed i po interwencji (133,40 + 36,75 vs. 118,80
+ 37,39 ms, p = 0,003, d = 0,42) oraz pomigdzy poziomem przed interwencja a wynikami
testu retencji (133,40 £ 36,75 ms vs. 121,20 + 40,49 ms, p = 0,027, d = 0,35), co wskazuje

na znaczne polepszenie badanego parametru w toku prowadzonego eksperymentu.
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W przypadku szybkosci reakcji zlozonej, stwierdzono istotny statystycznie wpltyw
czynnika CZAS (F96 = 81,54, p < 0,001, np> = 0,63) oraz wystapienie interakcji
czynnikow gléwnych CZAS x GRUPA (F.96 = 13,21, p < 0,001, np> = 0,22). Efekt
czynnika GRUPA byt nieistotny (Fj4s = 0,21, p = 0,649, np”> < 0,01). Analiza post-hoc
wykazala, ze obie grupy, eksperymentalna i kontrolna, uzyskaty lepsze wyniki (p < 0,05)
W tescie po interwencji treningowej 1 tescie retencji w poréwnaniu z pomiarem
wyjsciowym. W szczeg6dlnosci rdznice migdzy pomiarami przed i po interwencji dla grupy
eksperymentalnej charakteryzowaly si¢ duzym efektem (737,20 + 62,48 ms vs. 674,40
+ 61,58 ms, p < 0,001, d = 0,87), w grupie kontrolnej efekt ten byt maty (719,60 + 69,49
ms vs. 697,20 = 77,81 ms, p = 0,010, d = 0,31). Podobne roznice stwierdzono migdzy
wynikami testu wyj§ciowego a testu retencyjnego, gdzie poprawa wynikow byta wigksza
w grupie eksperymentalnej (737,20 + 62,49 ms vs. 662,80 = 81,27 ms, p < 0,001,
d = 1,03), anizeli w grupie kontrolnej (719,60 + 69,49 ms vs 684,80 = 78,91 ms, p < 0,001,
d=0,48).

Analiza wynikow badan parametru dynamiki sakkadowej wykazata istotny wptyw
czynnika CZAS (F.96 = 5,23, p = 0,007, np> = 0,098) oraz wystapienie interakcji
czynnikéw CZAS x GRUPA (Fy96 = 4,73, p = 0,011, np> = 0,09). Nie stwierdzono
istotnego wptywu czynnika GRUPA na zmienno$¢ badanego parametru (Fi45 = 0,43,
p = 0,514, np”> = 0,01). Analiza testow post-hoc w grupie eksperymentalnej wskazata na
tendencje, jednak nie osiggneta istotno$ci miedzy wynikami testow przed i po interwencji
(94,30 £ 9,73 °/s vs. 99,25 + 9,08 °/s, p = 0,083, d = 0,54). Natomiast stwierdzono istotng
réznice miedzy wynikami testu przed interwencja treningowa a wynikami testu
retencyjnego (94,30 + 9,73 °/s vs 101,38 + 6,89 °/s, p = 0,002, d = 0,77).

Analiza zmienno$ci wynikéw testu zwinnosci reakcyjnej wykazala istotny wptyw
czynnika CZAS (Fa96 = 8,24, p < 0,001, np” = 0,15) oraz interakcje czynnikow CZAS
x GRUPA (F296 = 3,35, p = 0,039, np> = 0,07). W grupie eksperymentalnej stwierdzono
istotng statystycznie roznice pomiedzy wynikami testow przed 1 po interwencji (18,18
+ 1,23 s vs 17,62 = 0,88 s, p = 0,017, d = 0,49), natomiast w grupie kontrolnej
zaobserwowano istotng réznice miedzy wynikami testu przed interwencja treningowa a
wynikami testu retencyjnego (18,61 = 1,09 s vs. 18,04 = 1,15 s, p = 0,014, d = 0,50).

Interakcje migdzy czynnikami gldéwnymi badanych zmiennych przedstawiono na Ryc. 2.
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Ryc. 2. Wykresy interakcji czynnikow CZAS i GRUPA dla parametréw percepcyjnych
1 motorycznych: grupa eksperymentalna (czarne kropki) vs. grupa kontrolna (biate kropki)
w ukladzie przed interwencjg (pre), po interwencji (post) i w tesScie retencyjnym
(retention). Warto$ci sg przedstawione jako $rednie i 95% CI. Istotne zmiany (p < 0,05)
w parametrach oznaczono gwiazdka ,,*” dla grupy eksperymentalnej oraz znakiem ,.#” dla

grupy kontrolnej, z towarzyszacymi wielkosciami efektu (d) (Zwierko 1 wsp., 2023).
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Kolejnym etapem analizy byta ocena réznic mi¢dzyplciowych w zmienno$ci badanych
parametréw w trakcie trwania eksperymentu. Stwierdzono, istotny efekt interakcji
czynnikow CZAS x PLEC dla dynamiki sakkadowej (Fy46 = 6,72, p = 0,003, np” = 0,23)
1 zwinnosci reakcyjnej (Fa46= 6,21, p = 0,004, np> = 0,21). Analiza post hoc wykazata, ze
w obu przypadkach istotna poprawa wynikow po interwencji w poréwnaniu do wynikow
wyjsciowych nastgpita w grupie kobiet (95,65 + 8,61°/s vs. 87,08 £ 5,18%s, p = 0,018,
d = 1,14 dla dynamiki sakkadowej i odpowiednio 18,26 + 0,64 s vs. 19,23 s, p < 0,001,
d = 1,46 dla zwinnosci reakcyjnej), bez istotnych zmian w grupie mezczyzn (p > 0,05).

Analizujac Ryc. 2 w przypadku zwinnosci reakcyjnej stwierdzono, ze w wyniku
interwencji  treningiem reakcyjnym nastgpita poprawa rezultatdw w  grupie
eksperymentalnej po interwencji, jednakze ostateczne efekty treningu (wyniki testu
retencyjnego) nie roéznity si¢ miedzy grupami. Dalsze analizy tego zagadnienia
przedstawiono w publikacji 3, poswigconej analizie adaptacji sensomotorycznej
reprezentowanej przez wspolczynnik REAC-INDEX (indywidualne réznice migdzy
wynikami RA 1 COD).

Wyniki analizy wariancji ANOVA dla parametréw zwinnosci (COD, RA) przed
1 po interwencji wykazaly brak wplywu czynnika CZAS na zmienno$¢ wynikow testu
COD (Fi48= 2,07, p = 0,156, an = 0,04). Natomiast istotny efekt wystapit dla wynikow
testu RA (F1 45 = 12,64, p<0,001, np> = 0,21) i parametru REAC-INDEX (Fr4s = 4,26,
p=0,044, np°=0,08). Analiza wptywu czynnika GRUPA wykazala, ze jedynie zmiany
wynikow testu RA byly statystycznie istotne (Fi43 = 4,34, p=0,043, np°=0,08).
Zaobserwowano takze istotng interakcje czynnikow GRUPA x CZAS w przypadku
REAC-INDEX (F, 45= 6,87, p=0,012, np> = 0,13).

Dodatkowo przeprowadzono analiz¢ kowariancji (ANCOVA), w ktorej wyniki
po interwencji treningowej przyjeto jako zmienng zalezng. Czynniki GRUPA i PLEC
okreslono jako czynniki kategoryczne, natomiast poziom wynikow przed interwencja jako
kowariat¢. Analiza wskazala na wystgpienie istotnych réznic w przypadku czynnika
GRUPA, co znalazto odzwierciedlenie w poprawie wyniko6w po interwencji w grupie
eksperymentalnej w przypadku RA (F;45 = 5,82, p = 0,020, an = 0,12) oraz REAC
-INDEX (Fi45 = 9,35, p=0,004, np2=0,17). Rozwazajac wyniki przed treningiem
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w odniesieniu do COD, RA i REAC-INDEX jako wspolzmiennej, nie zaobserwowano
statystycznie istotnych roznic miedzy picig badanych grup.

5.3. Ocena skutecznosci stosowania programu ¢wiczen reakcyjnych jako narzedzia
wspomagajacego ksztaltowanie sprawnosci specjalnej wSrod mlodych zawodnikow

uprawiajacych pilke siatkowa (publikacja 4)

Kolejnym etapem analizy wynikéw badan byta ocena zastosowania programu ¢wiczen
reakcyjnych na sprawnos¢ specjalng w pitce siatkowej. W tym celu wykorzystano pomiary
testu oceniajacego szybkos¢ reakcji wzrokowo-motorycznej podczas poruszania si¢
w bloku rejestrowane przed i po interwencji oraz miesiagc po zakonczeniu eksperymentu
(test retencyjny) (Tabela 5). Analiza wariancji ANOVA dla testu sprawnosci specyficznej
ujawnila wptyw czynnika CZAS (F,96 = 10,03, p < 0,001, np” = 0,17) oraz brak wptywu
czynnika GRUPA (F,45 = 0,65, p = 0,424, np> = 0,01). Interakcja czynnikow CZAS
1 GRUPA réwniez nie byla istotna (Fa96 = 0,39, p = 0,679, an = 0,01). W grupie
eksperymentalnej analiza post-hoc wykazata jednak istotne réznice pomi¢dzy wynikami
testu przed i po interwencji (p = 0,031, d = 0,54) oraz pomigedzy wynikami testu przed
interwencjg a testem retencyjnym (p = 0,017, d = 0,58), co wskazuje na wigksze efekty
treningu z uzyciem okularéw stroboskopowych anizeli treningu bez okularéw (Ryc. 3).
Zmiany te nie byly warunkowane zmianami sity eksplozywnej konczyn dolnych
mierzonymi testem CMJA.

Analiza ANCOVA, niezaleznie od GRUPY (F, 47 = 0,36, p = 0,551, np” = 0,01), nie
wykazala wptywu zmian poziomu sity eksplozywnej ndég na zmiany wyniku testu
sprawnosci specjalnej (Fi47= 0,64, p = 0,426, np” = 0,01). Analiza korelacji wykazata brak
zwigzku miedzy zmianami wynikow testu sprawnosci specjalnej a zmianami poziomu sity

eksplozywnej konczyn dolnych po interwencji treningowej (r = 0,188, p = 0,414).
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Tabela 5. Statystyki opisowe dla parametrow testow sprawnosci specjalnej 1 sity

eksplozywnej konczyn dolnych w grupach badanych w trzech terminach pomiarowych.

Pre-test Post-test Test retencyjny
Zmienne Grupa X+SD X £SD X+SD

(min-max) (min-max) (min-max)
Szybkos¢ reakcji K al 33,96 + 1,82 32,84 +1,48 34,03+ 1,19
wzrokowo- CKSperymentalna 3027 -36,86) (29,93 -35,01) (31,00 — 35,45)
motorycznej Kontrolna 34,21 +2,51 33,50 +2,83 34,35+2,17
podczas bloku [s] (29,28 — 39,13) (29,45 -39,43)  (29,85-138,16)
Sita cksplozywna  cksperymentalna 38,71 £ 10,13 39,39 £ 11,51 38,64 + 11,29
Koficzyn dolnych (25,10 — 66,80) (21,20 -65,70) (24,80 — 63,80)

36,41 + 7,69 37,02+ 7,44 35,98 +£7,23
[cm] kontrolna

(25,90 — 53,40)

(24,20 — 50,50)

(25,10 — 49,50)
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Ryc. 3. Wykresy interakcji czynnikow CZAS 1 GRUPA dla wynikow szybkosci reakcji

wzrokowo-motorycznej w  teScie sprawno$ci  specjalnej  (blokowania):

grupa
eksperymentalna (czarne kropki) vs. grupa kontrolna (biate kropki) w uktadzie przed
interwencja (pre-test), po interwencji (post-test) i w tescie retencyjnym (retention-test).
Znaczace zmiany (p < 0,05) sg obserwowane w grupie eksperymentalnej (M. Zwierko 1

wsp., 2024a) .
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VI Dyskusja

Celem pracy byla wieloaspektowa analiza skuteczno$ci zastosowania ¢wiczen
reakcyjnych na poziom wybranych zdolno$ci percepcyjnych i motorycznych mtodych
sportowcodw podejmujacych systematyczny trening pitki siatkowej. Zrealizowane badania
przedstawiono w cyklu czterech publikacji, wskazuja, ze: (1) czynniki motoryczne
1 percepcyjne determinujg zmienno$¢ zwinnos$ci reakcyjnej, przy czym determinanty réznig
si¢ pod wzgledem plci badanych. W szczegolnosci stwierdzono, ze czynniki takie jak sita
eksplozywna konczyn dolnych, szybko$¢ reakcji zlozonej, $ledzenie liniowe oraz
wrazliwo$¢ sensoryczna odgrywaja istotne rol¢ dla osiagnig¢ w wynikach zwinno$ci
reakcyjnej, przy osiggnietych wspotczynnikach determinacji (R*) wynoszacych 23,6%
(eksplozywna sita i1 szybkos¢ reakcji ztozonej) u m¢zczyzn oraz 34,5% (eksplozywna sita,
$ledzenie liniowe, i wrazliwo$¢ sensoryczna) u kobiet; (2) zastosowanie programu ¢wiczen
reakcyjnych jest skuteczng metoda poprawy sprawnosci funkcji percepcyjnych
1 motorycznych, ocenianych metodami pomiaru laboratoryjnego oraz pomiaru
specyficznego, przy czym zastosowanie c¢wiczen reakcyjnych przy wykorzystaniu
okularow stroboskopowych jest bardziej efektywne; (3) trening stroboskopowy byt
rowniez bardziej skuteczny dla osiagnigcia poprawy w zadaniach sprawnosci specjalnej
w pitce siatkowej, jednak obserwowany efekt byl krotkoterminowy.

Wsrod gtownych ustalen wynikajacych z przeprowadzonych badan mozna wskazac,
ze pte¢ w znaczacym stopniu determinuje osiggnigcia motoryczne. Mezczyzni osiggali
lepsze wyniki w testach RA, sity eksplozywnej konczyn dolnych (SJ, CMIJA),
maksymalnej czestotliwosci ruchow konczyn dolnych (tapping) 1 dynamice sakkadowe;,
przy osiggnieciu duzych miar wielkosci efektow (0,88 — 2,58). Natomiast pozostate
analizowane czynniki percepcyjno-kognitywne ($ledzenie liniowe, szybko$¢ reakcji
prostej, szybkos¢ reakcji ztozonej, wrazliwo$¢ sensoryczna) charakteryzuja si¢ matymi lub
umiarkowanymi ro6znicami miedzypiciowymi (efekty od 0,23 do 0,73). Wyniki
te pokrywaja si¢ z wczesniejszymi obserwacjami, w ktorych mezczyzni na ogodt
wykazywali lepsze osiggnigcia w testach zwinno$ci ze wzglgedu na lepsze pobudzenie

nerwowo-mig¢sniowe, wyzsze parametry sity konczyn dolnych 1 efektywniejsze
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przetwarzanie wzrokowo-ruchowe (Dos'Santos i wsp., 2018; Sekulic i wsp., 2014; Spiteri
1 wsp., 2014).

Z badan wilasnych wynika, ze zwinno$¢ reakcyjna jest $cisle zwigzana zaréwno
z czynnikami percepcyjno-kognitywnymi, jak i motorycznymi, w tym szczegolnie z sitg
eksplozywna konczyn dolnych, ktora jest kluczowym determinantem zwinno$ci
niezaleznie od ptci (Hornikova i wsp., 2021; Thomas i wsp., 2018). Wczesniejsze
doniesienia wskazujg ponadto, ze zdolno$¢ czestotliwosci ruchéw mierzona za pomoca
zadan tappingu jest pozytywnie skorelowana z wynikami RA (Chaabouni i wsp., 2022),
co rowniez potwierdzaja prezentowane wyniki. Badania wlasne sg jednymi z pierwszych,
w ktorych uwzgledniono funkcje okulomotoryczne w powigzaniu z wynikami RA, tym
samym podkreslajac ich znaczenie w treningu pitki siatkowej, dyscypliny wymagajacej
efektywnego przetwarzania informacji wzrokowych w dynamicznym $rodowisku gry
(Fortin-Guichard i wsp., 2020; Zwierko i wsp., 2010).

Wyniki badan (publikacja 1) pozwolily na identyfikacje, istotnych z punktu widzenia
dyscypliny pitki siatkowej, parametréw motorycznych i percepcyjnych determinujgcych
wyniki zwinnos$ci reakcyjnej, zdolno$ci niezbednej dla efektywnej gry w siatkowke
(Bonato i wsp., 2022). Ponadto, wyniki badan sugeruja mozliwo$¢ konstruowania
programow szkoleniowych, ktore oprocz ksztaltowania zdolno$ci motorycznych beda
mialy na celu doskonalenie funkcji percepcyjnych. Wnioski ptynace z tego etapu badan
staly si¢ punktem wyjscia dla stworzenia programu ¢wiczen reakcyjnych dla grup mtodych
siatkarzy i siatkarek.

Zastosowanie szeSciotygodniowego programu ¢wiczen reakcyjnych okazalo sie
skuteczng metoda doskonalenia sprawnosci funkcji percepcyjnych i motorycznych, przy
czym zastosowanie okularow stroboskopowych w programie interwencji okazalo si¢
bardziej efektywne. Grupa eksperymentalna wykazala znaczaca poprawe parametrow
zwigzanych z szybko$cig reakcji ruchu prostego (czas motoryczny) w odpowiedzi na
proste bodzce wzrokowe, predkosci ruchéw sakkadowych oka, szybkosci reakcji ztozone;j
1 RA, zarowno w ocenie efektow krotko- i1 dlugoterminowych. Zmiany wywotane
treningiem reakcyjnym byly zalezne od plci badanych jedynie w dwoch z szeSciu

analizowanych zmiennych, tj. zwinno$ci reakcyjnej oraz dynamiki ruchéw sakkadowych.
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Wyniki badan wilasnych potwierdzaja wczesniejsze doniesienia, ze trening
stroboskopowy poprawia funkcje wzrokowe 1 wzrokowo-motoryczne w sporcie (Carroll 1
wsp., 2021; Wilkins 1 Appelbaum, 2020). W odniesieniu jednak do uzyskanych rezultatow,
wyniki autoréw innych prac (Hiilsdiinker i wsp., 2021b; Poltavski i wsp., 2021; T. Zwierko
1 wsp., 2024) wskazywaty, ze korzysci zwigzane z treningiem stroboskopowym zwigzane
sg raczej z etapem sensorycznym przetwarzania wzrokowego (obszary kory moézgowe]
V1/V2 1 V5) niz z procesami motorycznymi. Ten etap badan witasnych nie potwierdzit
powyzszych wnioskéw, nie wykazano bowiem znaczgcych zmian w zakresie wrazliwos$ci
sensorycznej i czasu reakcji prostej. Nalezy jednak wskaza¢, ze w niniejszych badaniach
zastosowane narzedzia badawcze nie pozwalaly na monitorowanie przetwarzania
wzrokowego na poziomie sensorycznym, a jedynie rejestrowaly sumaryczny wynik
procesdOw wzrokowo-motorycznych, tj. czas od pojawienia si¢ bodzca do wykonania
ruchu, badz jego rozpoczgcia.

Nowym osiggnieciem w badaniach nad efektywnos$cig treningu stroboskopowego byto
uzyskanie pozytywnego wpltywu stosowane] interwencji na funkcje okulomotoryczne
(dynamika sakkadowa). Dynamika sakkadowa, uwazana za specyficzny sposob ruchow
oczu, ktdremu towarzyszy przesuni¢cie uwagi na wybrany obiekt, jest waznym aspektem
efektywnosci gry siatkarza (Fortin-Guichard i wsp., 2020; Piras i wsp., 2010). Polepszenie
dynamiki sakkadowej w efekcie stosowania okularéw stroboskopowych podczas ¢wiczen
moze by¢ spowodowana adaptacja uktadu okoruchowego (Wilkins i Appelbaum, 2020).
Uzyskane wyniki wymagaja dalszych badan, nad oceng funkcji okulomotorycznej
w warunkach bardziej specyficznego pomiaru.

Obserwowane réznice miedzy grupg kobiet a grupa mezczyzn byly znaczace
w zakresie zmian po zastosowanej interwencji jedynie w przypadku funkcji
okulomotorycznej oraz wynikow RA, przy czym u kobiet wykazano wigksza poprawe w
poréwnaniu do me¢zczyzn. Jednym z wyjasnien jest prawdopodobnie nizszy poziom
wyjsciowy tych parametrow u kobiet (Shaqiri i wsp., 2018; Zwierko 1 wsp., 2022). We
wczesniejszych  badaniach stwierdzono, ze rdéznice w funkcjach wzrokowych
1 percepcyjnych zwigzane z plcig sa heterogeniczne. Shaqiri i wsp. (2018) wykorzystujac
15 réznych zadan wzrokowych i percepcyjno-kognitywnych, dowodzili, ze mezczyzni

osiggali znaczaco lepsze wyniki niz kobiety w zakresie czasu reakcji prostej, ostrosci
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wzroku, = maskowania  wzrokowego,  wykrywania  kierunku  ruchu  oraz
w wynikach iluzji Ponzo. Natomiast w pozostatych przypadkach roznice nie byly istotne
badz korzystne dla badanej grupy kobiet. W badaniach wtasnych zaobserwowane réznice
mie¢dzyptciowe w odpowiedzi na interwencj¢ stroboskopowa nie sg jednoznaczne ani tatwe
do interpretacji. Wydaje si¢, ze niektore rodzaje zadan moga by¢ bardziej podatne na
trening stroboskopowy niz inne.

Waznym osiggnigciem badawczym, bylo rowniez dowiedzenie, ze trening
stroboskopowy w sposob istotny wplywa na adaptacje sensomotoryczng (REAC-INDEX)
bedaca sktadowa zdolnosci zwinnos$ci reakcyjnej. Oznacza to, ze zastosowany trening
reakcyjny wplynal w istotny sposéb na funkcje percepcyjne w zadaniu RA. Tradycyjnie
trening zwinno$ci zazwyczaj skoncentrowany jest na poprawie szybkosci biegowe;,
techniki biegu, stabilnosci oraz sity 1 mocy konczyn dolnych (Condello 1 wsp., 2016;
Freitas i wsp., 2022; Loturco i wsp., 2019). Wyniki badan wlasnych sugeruja mozliwos¢
zwigkszenia obszaru oddziatywania treningowego rdwniez na aspekt doskonalenia
u zawodnikoéw zdolnos$ci percepcyjnych.

W ocenie efektywnosci wptywu treningu reakcyjnego na elementy sprawnosci
specjalnej analizowano wyniki trzech pomiarow szybkosci reakcji wzrokowo-motorycznej
podczas blokowania. Mimo, ze efekty gtowne analizy wariancji nie wskazywaty istotnej
interakcji migdzy poréwnywanymi grupami w trzech terminach badan, obserwowano
istotne polepszenie wynikow testu w grupie eksperymentalnej po okresie interwencji (Ryc.
3). Efekt byl jednak krotkotrwaty, bowiem warto$¢ osiggni¢¢ nie utrzymata si¢
w odniesieniu do pomiaru trzeciego. Co wazne, poprawa wynikéw byla niezalezna od
zmian poziomu sily eksplozywnej ndg, co sugeruje, ze korzy$ci z interwencji
stroboskopowej wynikaly raczej z uzyskanych efektow percepcyjnych, anizeli
z motorycznych (Carroll i wsp., 2021; Wilkins & Appelbaum, 2020). Poprzednie ustalenia
wskazujace, ze trening stroboskopowy poprawia zdolno$ci wzrokowo-motoryczne
w zadaniach RA (Zwierko 1 wsp., 2023; M. Zwierko i wsp., 2024b), zostaly potwierdzone
w zadaniu zwinnosciowym, o charakterze specyficznym - dojScia do bloku na
niespodziewany sygnat wzrokowy. Co wiecej, na poprawe szybkos$ci reakcji wzrokowo-

motorycznej w czasie blokowania nie miaty wplywu zmiany poziomu sity eksplozywnej
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konczyn dolnych nég, co podkresla rol¢ zdolnosci percepcyjno-kognitywnych w zadaniach
wymagajacych szybkiej zmiany kierunku (Spiteri i wsp., 2018; Zwierko 1 wsp., 2022).

Wyniki badan witasnych sg istotne z punktu widzenia efektow treningu reakcyjnego
na transfer dalszy, czyli sprawno$¢ zwigzang bezposrednio ze specyfika zachowan
motorycznych zawodnikow. Cho¢ wyniki sg obiecujace, jednak badania maja pewne
ograniczenia. Analizie poddano tylko jedno zadanie zwigzane z transferem dalszym, wigc
inne potencjalne korzysci ptynace z treningu stroboskopowego, takie jak pozytywne
reakcje podczas meczOw pozostaja niezbadane. Zastosowane zadanie nie wymagato od
graczy roznicowania reakcji, co jest kluczowym aspektem skutecznego bloku w pilce
siatkowej. Podejmowanie decyzji w sporcie jest ztozone i opiera si¢ na zdolno$ci
sportowcow do przetwarzania informacji S$rodowiskowych 1 podejmowania decyzji
motorycznych (Cie$luk i wsp., 2023; MacMahon i McPherson, 2009; Walton 1 wsp.,
2018). Poza tym, w teScie uzyto bodzcéw niespecyficznych (dyski $wietlne). Gléwna
zaleta zastosowania tego typu bodzca jest mozliwos¢ zaprogramowania sygnatu tak, aby
pojawial si¢ konsekwentnie podczas kazdego testu, co zwigksza rzetelnos¢ pomiaru (Paul 1
wsp., 2016). Jednak wskazuje si¢, ze testy z zastosowaniem bardziej specyficznych
(ludzkich) bodzcow oferuja wigksza uzyteczno$¢ wobec wymagan rzeczywistych
scenariuszy gry (Morral-Yepes i wsp., 2022).

Podsumowujac, wyniki badan prowadzonych wséréd mtodych siatkarek 1 siatkarzy
wskazujg na duzy potencjal zastosowania nowych narzedzi treningowych do doskonalenia
zdolnosci percepcyjnych i motorycznych. Badania wnosza nowa wiedz¢ na temat
skuteczno$ci treningu reakcyjnego i maja wartos¢ praktyczng, poszerzajagc mozliwosci

zastosowania proponowanych narzedzi reakcyjnych w innych dyscyplinach sportu.
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VII Wnhnioski

1.

Poziom zwinnos$ci reakcyjnej jest determinowany przez czynniki motoryczne
1 percepcyjne w zalezno$ci od ptci badanych. W szczegolnosci, kluczowa role
w zadaniach zwinnosci reakcyjnej odgrywaja sita eksplozywna konczyn dolnych,
szybkos¢ reakcji zlozonej, $ledzenie liniowe oraz wrazliwo$¢ sensoryczna.
Tworzenie programow treningowych majacych na celu poprawe zwinnosci
reakcyjnej powinno uwzglednia¢ wiaczenie ¢wiczen doskonalacych zdolnosci

percepcji wzrokowe;.

Zastosowanie szesciotygodniowego programu ¢wiczen reakcyjnych jest efektywna
metoda poprawy sprawnosci funkcji percepcyjnych i motorycznych. Program
¢wiczen reakcyjnych z wykorzystaniem okularéw stroboskopowych wykazat
wyzszg skuteczno$¢ w porownaniu do programu bez uzycia tych okularow.
Stymulacja stroboskopowa moze zatem stanowi¢ wartoSciowe uzupetnienie

standardowych programow treningowych, znaczaco poprawiajac ich efektywnos¢.

Program ¢wiczen reakcyjnych z wykorzystaniem stymulacji stroboskopowej
pozytywnie wptywa na osiagni¢cia badanych w zadaniach sprawnosci specjalnej
w pilce siatkowej. Niemniej jednak, brak potwierdzenia dtugoterminowego efektu
sugeruje konieczno$¢ systematycznego wilaczenia tych ¢wiczen do regularnego

treningu siatkarzy i siatkarek w grupach mtodziezowych.
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STRESZCZENIE

WPLYW CWICZEN REAKCYJNYCH NA POZIOM WYBRANYCH ZDOLNOSCI
PERCEPCYINYCH I MOTORYCZNYCH SIATKARZY I SIATKAREK
W WIEKU 16 — 18 LAT

SEOWA KLUCZOWE: trening stroboskopowy, zwinno$¢, szybkos¢ reakcji, gry sportowe

Cel: Celem pracy byla wieloaspektowa analiza skuteczno$ci zastosowania ¢wiczen
reakcyjnych na poziom wybranych zdolno$ci percepcyjnych i motorycznych mtodych
sportowcow systematycznie trenujgcych pitke siatkowg. Badania koncentrowaty sie
na uwarunkowaniach zwinnosci reakcyjnej oraz efektach programu ¢wiczen reakcyjnych
na wybrane zdolno$ci percepcyjne i motoryczne, ocenianych zaré6wno w warunkach
laboratoryjnych, jak 1 specyficznych na boisku do siatkéwki. Program ¢wiczen
reakcyjnych realizowano z zastosowaniem stymulacji stroboskopowej oraz w warunkach

widzenia niezaktoconego.

Material i metody: W badaniu pierwszym (publikacja 1) dotyczacym oceny
determinantow zwinnosci reakcyjnej udzial wzieto 135 miodych sportowcow w wieku 16
—18 lat, w tym 61 me¢zczyzn 1 74 kobiet. Kolejne etapy badan dotyczyly realizacji
eksperymentu pedagogicznego i oceny efektow wdrozenia programu ¢wiczen reakcyjnych.
W eksperymencie udziat wzieto 50 zawodnikoéw 1 zawodniczek. Kazda grupe (kobiet 1
mezczyzn) podzielono losowo na dwie podgrupy: eksperymentalng i kontrolng. Zajecia
odbywaly si¢ trzy razy w tygodniu w obu grupach: w grupie eksperymentalnej z uzyciem
okularéw stroboskopowych, a w grupie kontrolnej bez ich wykorzystania. Wsrod zdolnosci
percepcyjnych analizie poddano szybkos¢ reakcji prostej i1 ztozonej, wrazliwosé
sensoryczng, ruchy $ledzace oka, dynamike¢ ruchow sakkadowych oraz adaptacje
sensomotoryczng w biegu zwinno$ci reakcyjnej. Natomiast wérod zdolnosci motorycznych
analizowano poziom sity eksplozywnej konczyn dolnych, maksymalng czg¢stotliwos$¢ ruchu
oraz szybkos$¢ biegu zwinnosciowego i zwinno$¢ reakcyjng. Ponadto, badano zmienno$¢
szybkos$ci wzrokowo-ruchowej podczas specyficznego zadania blokowania jako elementu
sprawnosci specjalnej w pitce siatkowej. Pomiar funkcji percepcyjnych i motorycznych byt
oceniany przed, po zakonczeniu interwencji oraz po 4 tygodniach od ukofczenia

eksperymentu pedagogicznego.
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Wyniki badan: Czynniki motoryczne i percepcyjne determinujg zmienno$¢ zwinnosci
reakcyjnej, przy czym determinanty te sg rézne u ptci badanych. Stwierdzono, ze czynniki
takie jak sita eksplozywna konczyn dolnych, szybkos$¢ reakcji ztozonej, sledzenie liniowe
oraz wrazliwo$¢ sensoryczna odgrywaja istotng role dla osiggnie¢ w wynikach zwinno$ci
reakcyjnej, przy osiagnigtych wspotczynnikach determinacji (R?) wynoszacych 23,6%
(eksplozywna sita i szybko$¢ reakcji ztozonej) u m¢zczyzn oraz 34,5% (eksplozywna sita,
sledzenie liniowe 1 wrazliwo$¢ sensoryczna) u kobiet. W wyniku przeprowadzonego
programu ¢wiczen reakcyjnych stwierdzono istotny efekt interakcji czynnikow CZAS
i GRUPA dla; (1) czasu ruchu prostego (p = 0.020, np> = 0.08), z poprawa w grupie
eksperymentalnej po interwencji oraz w tescie retencyjnym (p = 0.003, d = 0.42 oraz p =
0.027, d = 0.35, odpowiednio); (2) szybkosci reakcji ztozonej (p < 0.001, np* = 0.22),
z duzym efektem po interwencji w grupie eksperymentalnej (p < 0.001, d = 0.87) 1 matym
efektem w grupie kontrolnej (p = 0.010, d = 0.31); (3) dynamiki sakkad (p = 0.011, np* =
0.09) z poprawa w grupie eksperymentalnej w tescie kontrolnym (p = 0.002, d = 0.77); (4)
zwinno$ci reakeyjnej (p = 0.039, np>= 0.07), z poprawa w tescie po interwencji w grupie
eksperymentalnej (p = 0.017, d = 0.49) oraz (5) adaptacji sensomotorycznej (p = 0,012, np”
= 0,13) z duzym efektem poprawy w grupie eksperymentalnej po zastosowanym treningu
stroboskopowym (p = 0.004, d = 0.87). W tescie sprawnos$ci specjalnej, stwierdzono
istotne réznice migedzy pomiarami przed i bezposrednio po interwencji (p = 0.031, d =

0.54) w grupie eksperymentalnej, na korzy$¢ drugiego pomiaru.

Whioski: Poziom zwinnosci reakcyjnej jest determinowany przez czynniki motoryczne
1 percepcyjne, zalezy od pici badanych. Sita eksplozywna konczyn dolnych, szybkos¢
reakcji zlozonej, $ledzenie liniowe oraz wrazliwo$¢ sensoryczna s3 kluczowymi
determinantami poziomu zwinno$ci reakcyjnej. Tworzenie programdéw treningowych
majacych na celu poprawe zwinnosci reakcyjnej powinno uwzglednia¢ wiaczenie ¢wiczen
doskonalacych zdolnosci percepcji wzrokowej. Program treningowy mtodych siatkarzy
1 siatkarek realizowany z uzyciem okularéw stroboskopowych jest bardziej efektywny niz
prowadzony w warunkach widzenia niezakloconego. Trening stroboskopowy poprawia
wyniki w zadaniach sprawno$ci specjalnej w pilce siatkowej, jednak brak
dtugoterminowych efektéw wskazuje na potrzebe systematycznego wiaczania tych

¢wiczen do regularnego treningu mtodych zawodnikow.
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ABSTRACT

THE IMPACT OF REACTION TRAINING ON THE LEVEL OF SELECTED
PERCEPTUAL AND MOTOR SKILLS OF MALE AND FEMALE VOLLEYBALL
PLAYERS AGED 16-18

KEYWORDS: stroboscopic training, agility, reaction speed, team sports

Objective: The aim of this study was to conduct a comprehensive analysis of the
effectiveness of reactive exercises on selected perceptual and motor abilities in young
athletes who regularly train in volleyball. The research focused on the determinants of
reactive agility and the effects of the reactive exercise program on selected perceptual and
motor abilities, assessed both in laboratory conditions and in volleyball-specific settings.
The reactive exercise program was implemented using stroboscopic stimulation as well as

under normal vision conditions.

Material and Methods: The first study (publication 1), which focused on assessing the
determinants of reactive agility, involved 135 young athletes aged 16—18 years, including
61 males and 74 females. The subsequent stages of the research involved conducting
a pedagogical experiment and evaluating the effects of implementing a reactive exercise
program. The experiment included 50 male and female athletes. Each group (male and
female) was randomly divided into two subgroups: experimental and control. Training
sessions were held three times a week for both groups: the experimental group trained
using stroboscopic glasses, while the control group trained without them. The perceptual
abilities analyzed included simple and complex reaction times, sensory sensitivity, eye-
tracking movements, saccadic dynamics, and sensorimotor adaptation in reactive agility
running. The motor abilities analyzed included explosive lower limb strength, maximum
movement frequency, agility run speed, and reactive agility. Additionally, the variability of
visual-motor reaction speed during a specific blocking task, as an element of volleyball-
specific performance, was examined. The assessment of perceptual and motor functions
was conducted before, immediately after the intervention, and four weeks after the

completion of the pedagogical experiment.
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Results: The study found that motor and perceptual factors determine the variability of
reactive agility, with these determinants differing by gender. It was found that factors such
as explosive lower limb strength, complex reaction speed, linear tracking, and sensory
sensitivity play significant roles in reactive agility performance, with determination
coefficients (R?) of 23.6% (explosive strength and complex reaction speed) for males and
34.5% (explosive strength, linear tracking, and sensory sensitivity) for females. The
reactive exercise program resulted in a significant interaction effect of TIME x GROUP
for (1) simple reaction time (p = 0.020, np? = 0.08), with improvements in the experimental
group after the intervention and in the retention test (p = 0.003, d =0.42 and p = 0.027,d =
0.35, respectively); (2) complex reaction speed (p < 0.001, np? = 0.22), with a large effect
after the intervention in the experimental group (p < 0.001, d = 0.87) and a small effect in
the control group (p = 0.010, d = 0.31); (3) saccadic dynamics (p = 0.011, np? = 0.09) with
improvements in the experimental group in the retention test (p = 0.002, d = 0.77); (4)
reactive agility (p = 0.039, np? = 0.07), with improvements in the experimental group after
the intervention (p = 0.017, d = 0.49); and (5) sensorimotor adaptation (p = 0.012, np? =
0.13) with a large effect of improvement in the experimental group after the stroboscopic
training (p = 0.004, d = 0.87). In the volleyball-specific performance test, significant
differences were observed between the pre-test and post-test (p = 0.031, d = 0.54) in the

experimental group, favoring the post-test results.

Conclusions: The level of reactive agility is determined by motor and perceptual factors,
which vary by gender. Explosive lower limb strength, complex reaction speed, linear
tracking, and sensory sensitivity are key determinants of reactive agility. Training
programs aimed at improving reactive agility should incorporate exercises that enhance
visual perception abilities. A six-week reactive exercise program effectively influences
changes in perceptual and motor abilities, as assessed both in laboratory conditions and on
the volleyball court. The program using stroboscopic glasses is more effective than one
conducted under normal vision conditions. Although stroboscopic training improves
performance in volleyball-specific agility tasks, the lack of long-term effects suggests the
necessity of regularly integrating these exercises into the training routines of young

athletes.
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Reactive Agility in Competitive Young Volleyball Players:
A Gender Comparison of Perceptual-Cognitive
and Motor Determinants

by
Michat Zwierko!, Wojciech Jedziniak?, Marek Popowczak!, Andrzej Rokital

Limited evidence is available providing specific details about the perceptual-cognitive and motor factors that
contribute to reactive agility (RA) and variations between genders in young athletes. The aim of the study was to
investigate perceptual-cognitive and motor determinants of RA in competitive youth volleyball players. A total of 135
volleyball players (61 males, 74 females) aged 16—18 years were included in this study. The independent variables were
as follows: explosive strength, maximal frequency of movements, simple and complex reaction time, selective attention,
sensory sensitivity, and saccadic dynamics. Multiple linear regression analyses showed that explosive strength (f§ = -
0.494; p < 0.001) and complex reaction time (§ = 0.225; p = 0.054) accounted for 23% of the variance in RA
performance in male players. The best exploratory model for RA contributed 34.5% of the variance in RA for female
players with significant determinants of explosive strength (§ =-0.387; p < 0.001), sensory sensitivity (f§ =-0.326; p =
0.001) and selective attention (8 = 0.229; p = 0.020). Male athletes obtained better results in RA, in all motor tests
(effect size of 0.88 to 2.58) and in five variables of perceptual-cognitive skills (effect size of 0.35 to 0.98). Motor and
perceptual-cognitive components significantly contributed to performance in RA in competitive youth volleyball
players. Gender differentiates between players’ RA performance, motor properties and saccadic dynamics to a large
extent, while the remaining analyzed perceptual-cognitive components vary between female and male players to a small
and moderate extent.

Key words: team sports, explosive strength, foot tapping, saccadic dynamics, sensory sensitivity.

Introduction require an athlete to formulate adaptive
movements in response to environmental
constraints (Spiteri et al., 2018).

Reactive agility (RA) is identified as one

Volleyball is an open skill sport in which
players are required to react in a dynamically
changing, externally-paced and unpredictable

environment (Aratjo et al., 2006). During the of the most important determinants of
performance in team sports, which involves

movements based on change of direction speed in
response to an external stimulus (Mroczek et al.,

game, players constantly adapt their movements
relative to complex temporal and spatial stimuli,
and in consequence develop particular

mechanisms of neural synchronization during
visuospatial demands. Reactive maneuvers in
such a sport require integration between
perceptual-cognitive  functions and  motor
components (Farrow and Abernethy, 2003). The
typical relationship between perception and
movement can be represented in agility tasks that

2017; Sheppard and Young, 2006; Spiteri et al.,
2018). It is generally accepted that agility is
positively associated with motor and biomechanic
components, such as linear running speed,
running technique, balance, strength and power
of lower limbs (Condello et al., 2016; Dos’Santos
et al., 2018; Freitas et al., 2022; Loturco et al., 2019).
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Specifically, most previous studies have shown
that various aspects of speed were positively
associated with superior agility performance
(Hornikova et al., 2021; Loturco et al., 2019).
However, there are little data regarding the
impact of the ability to maintain faster stride rates
on agility performance, which is very specific for
team sport athletes (Popowczak et al, 2016).
Maximal frequency of movement is identified as
an important component of neuromuscular
function that was recently indicated as a potential
contributing factor to the rate of change of
direction (Chaabouni et al., 2022). In the present
study we explored this issue by considering
variables from the foot tapping test.

Reactive agility refers to non-planned
movements determined by the physical
(anthropometrics and general motor abilities),
technical, and perceptual-cognitive qualities
(Spiteri et al., 2018). Although the physical and
technical determinants of RA are rather well-
known, there is limited evidence concerning the
perceptual and cognitive factors that can influence
RA performance. Perceptual function mainly
refers to an athlete’s ability to control their gaze,
rapid stimulus localization and identification,
whereas cognitive function refers to an athlete’s
ability to quickly process, store and use
information from different sources needed to
recognize and recall patterns of movements,
predict actions, and make decisions within a split
second of time (Roca and Williams, 2016; Spiteri et
al.,, 2018). To maintain the integrity of the sport-
specific skills in the playing environment, e.g.
agility, team sports have a great demand on
coupling the athlete’s perceptual-cognitive and
motor subsystems (Farrow and Abernethy, 2003).
It seems that the recognition of perceptual-
cognitive and motor determinants of RA
performance could have practical implications for
sports training. Some research has analyzed the
effects of visuomotor processing on RA
performance, such as in Scanlan et al. (2014), who
indicated that in basketball players, response time
and decision-making time had a larger impact on
RA performance than morphological and speed
factors. Moreover, it was observed that both
simple and two-choice reaction times were highly
related to RA when covering distances of 0.8 m,
1.6 m and 3.2 m (Zemkova, 2016). Recently,
Hornikova et al. (2021) found that the reaction
time to rapidly generated visual stimuli had a
23.6%  contribution in determining RA
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performance in handball players. Another study
showed the significant effect of correct reactions
during a peripheral perception test on RA scores
in youth team sport players (Popowczak et al.,
2020). It seems that perceptual-cognitive processes
are a significant subcomponent of RA
performance, making continuation of research in
this area justified.

Previous studies have also identified gender as
a significant determinant in agility tasks in which
boys achieved significantly better results
(Dos’Santos et al., 2018; Popowczak et., al 2020;
Zwierko et al, 2022). Males produced
significantly faster agility movements as seen in
faster decision times and post stride velocity than
females (Spiteri et al.,, 2014). The question of the
extent to which both perceptual-cognitive
processes and motor components contribute to
RA performance, and how they vary between
genders in youth athletes is not completely
known. The current study was conducted to
address this issue by investigating the effect of
motor and perceptual-cognitive components on
RA in young volleyball players. In line with
previous studies (Dos’Santos et al, 2018;
Popowczak et al, 2020; Spiteri et al., 2014;
Zwierko et al., 2022), it was hypothesized that
youth male players would achieve better results
in motor and perceptual-cognitive tests than
female players, as seen in faster agility
performance. Verification of this hypothesis was
accomplished by the investigation of the
relationship between RA (dependent variable)
and simple and complex visuomotor reaction
time, selective attention, oculomotor dynamics,
sensory sensitivity threshold, explosive strength
of lower limbs, and maximal frequency of
movement, all of which can contribute to RA in
volleyball players.

Methods

Participants

Sample size calculations were performed
using G*Power 3.1 (Faul et al., 2007). Cohen's f2
coefficient (Cohen, 1988) was used to calculate the
effect size in a multiple regression model.
Following Cohen'’s guidelines (1988), f2> 0.02, f>>
0.15, and f2 > 0.35 represent small, medium, and
large effect sizes, respectively. In the sample size
calculations, we used the medium effect size,
taking into account the number of participants for
each gender-group separately. Assuming an effect
size f2 of 0.15, alpha of 0.05, and power of 0.90, the
power analysis projected that a minimum of 59
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participants in each group were required. The
sample size of 74 (female group) referred to an
actual power of 0.951.

A total of 135 youth volleyball players
aged 16-18 years were included in this study, 61
males (body height: 187.0 = 5.5 cm, body mass:
767 + 8.1 kg, age: 17.0 = 0.8 years, sport
experience: 6.7 + 1.2 years, training sessions per
week: 6.9 + 1.3), and 74 females (body height:
176.6 + 5.4 cm, body mass: 65.8 + 8.2 kg, age: 17.0 +
0.7 years, sport experience: 6.3 + 1.3 years, training
sessions per week: 6.7 + 1.4). All players were in
good physical condition. The inclusion criteria
were: a) volleyball training on a regular basis, at
least five days a week, with a minimum weekly
training duration of seven hours; b) participating
in official volleyball federation competitions
during the season in which the measurements
were taken; c) having played volleyball with a
volleyball federation license for at least 3 years.
The exclusion criteria included suffering from an
injury that prevented completion of the tests. All
the players, as well as their parent(s) and legal
representative(s), were informed about the testing
procedures, and written informed consent was
obtained for the use of the data for research
purposes. The Research Ethics Committee of the
University School of Physical Education in
Wroclaw reviewed and authorized the designed
research protocol (No 8/2021).
Procedures

Participants completed two testing
sessions on two different days. Firstly,
participants performed laboratory tests for
perceptual-cognitive skills evaluation. To evaluate
simple reaction time, complex reaction, sensory
sensitivity, selective attention and visual
orientation, tests of the Vienna Test System
(Schuhfried, Austria) were applied. The Vienna
Test System is a reliable and valid psychometric
tool (reliable coefficients between 0.84-0.95 of the
tests used). Secondly, motor tests (RA, maximal
frequency of movement, explosive leg strength)
were performed on a volleyball court. A standard
warm-up routine was performed prior to the
study, including aerobics and dynamic stretching.
Measurements
Reactive agility test

A Fusion Smart Speed System (Fusion
Sport, Coopers Plains, QLD, Australia) was used
during the ‘five-time shuttle run to gates’ test for
the determination of RA following the procedures
proposed by Popowczak et al. (2016). The system

© Editorial Committee of Journal of Human Kinetics

comprised electronic gates with a photocell and
an infrared transmitter and light reflector, a Smart
Jump mat integrated with a photocell, an RFID
reader for identification of the athlete's tag, and
computer software. The RA test measured the
timing of movement during repeated “stop’n’go”
directional changes in response to a random light
signal at the gate. Each participant ran five times
from the starting mat to particular gates (lines
placed between photocells with reflectors, 1 m
long) and then to the next gate's mat. The RA test
was repeated twice with a 3-min rest interval in
between, and the best result (total time) of the run
[s] was used for further analysis. The reactive
agility protocol was characterized by a good
reliability level (ICC = 0.88; CV =2.07%; TE = 0.38
s).
Maximal frequency of movement

The foot tapping test (FT) followed the
protocol (ICC from 0.83 to 0.98) by Krauss (2011),
using the Optojump Next (Microgate Next,
Bolzano, Italy) to assess the maximal frequency of
movements. The test determines the frequency of
foot movements by calculating the time of
flight/contact (one cycle) of the foot through
infrared beams over a period of 15 s. Foot tapping
was quantified as a FT coefficient (FTC = foot
tapping frequency/ground contact time x 100). A
higher FTC indicated a higher performance
capacity.
Explosive leg strength

A squat jump (SJ) (ICC =0.90; CV =7.37%;
TE = 2.42 cm) and a countermovement jump with
an arm swing (CMJA) (ICC = 0.95; CV = 4.88%; TE
= 1.79 cm), which followed the protocol by
Bosquet et al. (2009), were performed to measure
explosive leg strength. During the SJ the hands
were placed on the hips throughout the entire
jump. No specific instruction was given regarding
the depth or speed of the countermovement or the
arm swing. At least 30-s recovery was allowed
between jumps. The best jumps for both the S
and the CMJA were retained for further analysis.
Jump height [cm] was analyzed. The validity
coefficients of S] and CMJA measurements were r
=0.99 (Bosquet et al., 2009).
Simple reaction time

The simple reaction time (SRT) evaluation
consisted of 28 yellow light stimuli generated at
different and randomly selected time intervals
(2.5-6.0 s). Participants pressed a key in response
to the programmed visual stimuli as quickly as
possible. Below the ‘reaction key’, the panel had a
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‘stand-by key’. The participant held a finger on
the ‘stand-by key’; in reaction to the visual
stimulus, the finger was moved from the ‘stand-
by key' to the ‘reaction key’. A total simple
reaction time [s] was analyzed.
Complex reaction

To evaluate complex reactions the
determination test (DT) was used. Participants
were to react to visual stimuli (in white, yellow,
red, green and blue colors) and auditory stimuli
(high pitch and low pitch sounds) by pressing the
appropriate button for the stimulus. Moreover,
white lights which appeared on a black
background on the screen required pressing one
of the two reaction pedals with a foot. The correct
responses [n] and mean reaction time [s] were
analyzed.
Selective attention and visual orientation

A visual pursuit test (LVT) was used to
measure the selective attention and visual
orientation performance for simple structures in a
complex environment. The participant was
presented with a number of random and
disorderly lines and asked to visually identify the
end of a particular line as quickly as possible. To
ensure that the lines were not traced with the
finger, two keys on the response panel had to be
depressed throughout the task. Scoring involved
the number of tasks solved correctly and the mean
time of correct answers [s].
Sensory sensitivity

A flicker frequency test (FFT) was used to
calculate the sensory sensitivity threshold. The
mean score of individual measuring values
obtained in the decreasing mode was frequency
[Hz], at which a subjectively perceived transition
from constant to flickering light took place.
Saccadic dynamics

To trigger a saccadic dynamic (SAD), a
free-viewing visual search task without a sport-
specific design was used in which participants
were required to detect a target (red letter E)
among 47 distractors (inverted red letter E - “3”,
blue letter E and red letter F) (Zwierko et al.,
2019). Visual stimuli were displayed on a 55-inch
television monitor (Samsung, UE55NU7172,
Korea) at a distance of 1 m. During the visual
search task, participants used one button to
confirm detection of the target (target present
trials) and another button to note the absence of
the target (target absent trials). Psychometric
properties for the visual search test protocol for
target present trials were ICC = 0.80, CV = 7.64%,
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TE = 0.40 s, and for target absent trials were ICC =
0.83, CV =6.20%, TE = 0.47 s. Gaze data during the
visual search task were recorded binocularly
using a mobile eye tracking system at 60 Hz (SMI
ETG 2w, Germany). Standard one-point SMI
calibration was carried out binocularly. Data were
encoded through iViewETG version 2.2 software.
Gaze data were analyzed using SMI BeGaze
3.5.101 software. The following gaze variables
were analyzed: saccade average acceleration [°/s?],
saccade peak deceleration [°/s?], and saccade
average velocity [°/s].
Statistical Analysis

Descriptive data are presented as means,
standard deviations and 95% confidence intervals
(CI). The normal distribution of the data (Shapiro-
Wilk test) and the homogeneity of variances
(Levene’s test) were confirmed (p > 0.05). The
Student’s t-test was used for the two independent
groups (female vs. male). The magnitude of the
effect size for pairwise comparisons was also
determined using Cohen's d (Cohen, 1988). The
effect was characterized as small (0.20), medium
(0.50), or large (0.80). A backward multiple linear
regression analysis was performed in blocks with
the entered determinants based on the
significance of Pearson’s R with the variables that
had shown significant correlations to identify the
relationships between RA (dependent variable)
and the remaining independent variables
(continuous). The magnitude of relationships
between the variables were: trivial: 0.00-0.10;
small: 0.11-0.30; moderate: 0.31-0.50; large: 0.51-
0.70; very large: 0.71-0.90; and almost perfect:
0.91-1.00 (Hopkins, 2016). Statistical significance
was indicated at p < 0.05. The JASP statistical
package (version 16.1) was used for all analyses.

Results
Gender-specific analyses revealed that gender
accounted for 30% (adjusted R? = 0.303, F 133 =
59.250, p < 0.001) of the variability in RA
performance. The standardized £ coefficient (8 = -
555, B =-1.499, t = 7.697, p < 0.001, 95% CI -1.885
to -1.114) indicated that male volleyball players
obtained better results in the RA test (17.573 +
1.156 vs. 19.072 + 1.102, effect size 1.33) than
female volleyball players. Due to the substantial
influence of gender on RA performance in the
regression model, further regression analyses
were carried out separately for male and female
players.
In the group of independent variables, in
most cases (in 3 motor variables and in 5
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perceptual-cognitive variables), male volleyball
players were better than female volleyball players,
with differences of large (0.84 to 2.58), medium
(0.64 to 0.73), and small (0.31 to 0.35) effects.
Descriptive and statistical values for dependent
and independent variables in the groups of female
and male athletes are shown in Table 1.

The Pearson correlation analysis showed
nine significant (p < 0.05) correlations between RA
and the independent variables (Figure 1). This
confirms significant relationships between RA
and the following variables: S] (R = -0.500, p <
0.001), CMJA (R=-0.668, p < 0.001), FTC (R=-0.438,
p <0.001), SRT (R = 0.287, p < 0.001), DT_ reaction
time (R =0.329, p <0.001), LVT_response time (R =
0272, p < 0.01), FFT (R= -0.258, p < 0.01),
SAD_acceleration (R = -0.363, p < 0.001) and
SAD_velocity (R = -0.385, p < 0.05). Finally,
considering multicollinearity, seven of the
independent variables were used in the further
regression analysis.

A backward multiple regression analysis
was used to obtain the best exploratory models
for RA in each group. For female volleyball
players, the best exploratory models for RA
contributed 34.5% of the variance in RA, and
23.6% for male volleyball players (Table 2).

The standardized regression coefficient values
(8) for the independent variables in the best
exploratory models for RA are shown in Table 4.
The CMJA (8 = -0.387; p <0.001), LVT_response
time (8 = 0.229; p =0.020), and FFT (8 = -0.326; p
=0.001) significantly contributed to the variance
of RA scores of female volleyball players. CMJA
(8 =-0.494; p <0.001) and DT_reaction time (£ =
0.225; p =0.054) had a significant influence on RA
of male volleyball players, which means that
faster RA was achieved by athletes with better
scores in the CMJA and shorter DT_ reaction
times (Table 3).

Discussion

This study provides the first data to
quantify and examine gender differences in motor
and perceptual-cognitive predictors of RA
performance in competitive youth volleyball
players. The main finding was that RA
performance and most of the physical and
perceptual-cognitive properties were significantly
different between genders. Our findings
confirmed that compared to female players, male
players had significantly better achievements
(with large effect sizes in range of 0.88-2.58) in the
RA test, explosive strength (S], CMJA), maximal
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movement frequency (foot tapping test), and
saccade dynamics. The other perceptual-cognitive
factors (selective attention, simple reaction time,
complex reaction time, sensory sensitivity)
presented non-significant or small to moderate
differences (effects from 0.23 to 0.73) in relation to
gender.

These findings are consistent with most
previous research indicating that males displayed
faster agility performance compared to females
(Dos’Santos et al., 2018; Sekulic et al., 2013; Spiteri
et al, 2014). It has been reported that gender
differences in high-intensity movements (like
agility) begin from an age of 7-12 years (Golle et
al.,, 2015) when boys outperform girls in various
physical fitness tests. Gender differences in agility
tasks have been attributed mainly to
neuromuscular characteristics (Landry et al,
2009), body strength of the lower limbs (Spiteri et
al., 2013), strike velocity, ground reaction forces
(Condello et al., 2016) and potential differences in
perceptual-cognitive processing. Spiteri et al.
(2014) found that in team sport athletes, males
demonstrated
movements (defensive and offensive), producing

significantly =~ faster  agility

greater force, impulse, trunk and knee flexion
angles than females, resulting in significant
gender differences in decision time and post
stride velocity.

Our study shows that RA performance is
associated with both motor as well as perceptual-
cognitive factors. A large magnitude of correlation
coefficients ~was confirmed between RA
performance and explosive strength. Moreover,
explosive strength of the lower limb was the main
determinant of RA regardless of gender. Our
findings are in line with previous studies
indicating that lower-limb strength and power as
well as motor abilities are associated with agility
performance (Hornikova et al., 2021; Spiteri et al.,
2014; Thomas et al., 2018). A positive correlation
with moderate magnitude was also found
between RA performance and a maximal
frequency of movements (foot tapping test)
indicating that a higher pace of movements and
shorter contact time determined better results in
RA tasks. Foot tapping tests are considered to be
independent of strength and a valuable
supplement to strength and speed related
performance tests in talent identification as well
as in neuromuscular function and the
rehabilitation process in team sports (Chaabouni
et al, 2022). Our results confirm its significant
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contribution to RA performance in competitive
youth volleyball players.

Table 1. Descriptive and statistical values for RA variable and independent variables
in the groups of female and male volleyball players.

Female (n=74) Male (n =61) 95% CI for Mean Difference
Variable : : t op ‘Cohen's d
Mean + SD Mean + SD Lower Upper

vMotor tests

RA [s] 19.072 +1.102 17573 + 1.156 1.114 1.885 7607 <001 133
SJ [cm] 265344859 | 36252+7.174  -11.964 | 7472 8559 | <.001 = 148
CMJA [em] 28872+4509 | 44254+7.348 | -17421 | -13344 | -14925 | <.001 & 258
FTC 3785046700 | 4442248256 6572 4024 | 5103 | <.001 | 088
é'[’erceptual-cognitive tests

SRT [s] . 0420£0070  0379+0.056 0.019 0.063 3701 <.001  0.64
DT._reaction time [s] © 074420057 0 0697+0071 i 0025 i 0068 | 4242 i <001 i 073
DT_number of reactions [n] | 24425727953 25436129744 -19.947  -0261 2030 = 0.044 035
LVT response time[s] 3396+0499 32450495 0019 0322 1762 0080 031
LVT_number of tasks [n] 172841141 | 17.03340999 | -0.118 0620 | 1345 | 0181 | 023
FFT [Hz] | 434036740 4222+683% 3139 | 1502 0698 0487 012
SAD_acceleration [°/s?] 4472302455155 5231390833859  -1067.783 50393 = -4864  <.001 = 0.84
SAD_deceleration [°/s?] | 48792595260 | 491.125:83.608 | -34050 | 27.651 | 0205 | 0.838 @ 0.04
SAD_velocity [*/s] | 84085:17.261 | 9955013954 | -20.889 || -10.042 || 5641 || <.001 | 098

Note: RA - reactive agility, S] - squat jump, CMJA - countermovement jump with an arm swing,
FTC - foot tapping coefficient, SRT - simple reaction time, DT - determination test, LVT - visual
pursuit test, FFT - flicker fusion test, SAD - saccadic dynamic

Table 2. Adjusted coefficients of determination in the best exploratory models for RA.
Model R R2 Adjusted R2 Residual statistics

Female volleyball players

RA= 0.610 0.372 0.345 13.815 <.001
Male volleyball players

RAP 0511 0.261 0.236 10.262 <.001
Note. Dependent variables: RA
« Determinants for RA of female volleyball players: CMJA, LVT_ response time, FFT
v Determinants for RA of male volleyball players: CMJA, DT _ reaction time
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Table 3. The B and f3 coefficients of the best exploratory models for RA.

Model B i 95% CI t [4

Female volleyball players

Constant 22.397 - 19.933 24.861 18.128 <.001
CMJA -0.094 -0.387 -0.141 -0.047 -4.011 <.001
LVT_ response time 0.506 0.229 0.084 0.928 2.390 0.020
FFT -0.053 -0.326 -0.084 -0.022 -3.418 0.001
Male volleyball players

Constant 18.449 - 15.595 21.303 12.939 <.001
CMJA -0.078 -0.494 -0.114 -0.042 -4.326 <.001
DT_ reaction time 3.673 0.225 -0.060 7.406 1.969 0.054

SJ - P

-0.430%% 0285 H

FTC -
SRT - 0287 -D225~ -0.256™
DT reaction time £0.329*** .0.06E 0.058
DT_number of reactions - -0 189 0042 0206
LVT_response time _ 0272 0USE  -DATH
LWT_number of tasks = -002%  -D467 0184
FFT -0.258 0.4 2.179°
SAD_acceleration — -DAG*S 0232 0331
SAD_decsleration = 0042 DODS DU6S
SAD velocity 0385 0.308*** 0578
T T
&P ¥
(&)

263"

0.026

0317

DABY** 0.299% 0002

¢ -0.328""

Dz

0325

0220

0167

<G

0.195"

U231 (0516 D518

0447 -0.342"

Note. B — non-standardized coefficients; 3 - standardized coefficients,
CMJA - countermovement jump with an arm swing; LVT - visual pursuit test,
FFT - flicker fusion test, DT - determination test

009!
0.203° 027 D397 -0.128  0.341%°
0062 0223 Q146 0134 007 Q.284%
-0.04 0.032 -5 an3 Dus3 0058 a9.078 p23z2=
a1 0208 2.106 0167 2.081 0.218* . 0,188
T T T T 1
A Gl & A L o ]
§ & ¢ & @ S
& & & 9 & JF
& @°\ <a°’Q0 \)&\’9 L &
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¢ & &8 S
& N
4 v
<

Figure 1. Heat map showing Pearson correlation coefficients (R) between the analyzed variables.
Note: RA - reactive agility, S] - squat jump, CMJA - countermovement jump with an arm swing,
FTC - foot tapping coefficient, SRT - simple reaction time, DT - determination test, LVT - visual

pursuit test, FFT - flicker fusion test, SAD - saccadic dynamic
*p <0.05, ** p <0.01, *** p <0.001
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Furthermore, the current study results
showed that perceptual-cognitive factors had
significant contribution to RA. In particular,
positive relationships between RA, complex and
simple reaction time, selective attention, and
oculomotor dynamics were found, however, the
magnitude of correlation coefficients was
moderate.

To the best of our knowledge, this is the
first study in which oculomotor dynamic
variables in relation to RA performance were
considered. During highly dynamic and
constantly changing scenarios in volleyball,
players need to rapidly process a considerable
amount of information in order to make
appropriate decisions. Gathering information
from the ball trajectory, opponent’s defense,
teammate’s game positions, all occurs usually
with players moving. Oculomotor patterns seem
to be crucial for task-relevant location and for
processing information, especially in line with the
cognitive demands of the player’s positioning in
the game while facing context-specific situations
(Fortin-Guichard et al., 2020). Many studies have
shown that volleyball players demonstrate
superior perceptual-cognitive function, and that
visuomotor skills seem to be one of the important
determinants for expert performance. For
instance, compared to non-athletes or athletes
from other sports, volleyball players have faster
visuomotor processing (Zwierko et al., 2010),
more effective eye movement dynamics
(Fortin-Guichard et al, 2020) and better
accommodative facility (Jafarzadehpur et al.,
2007). Our findings are in line with some previous
observations (Popowczak et al., 2020; Scanlan et
al., 2014; Spiteri et al., 2018; Zemkova, 2016) and
highlight the significance of perceptual-cognitive
functioning in the context of specific movements
requiring reactivity in volleyball.

The best exploratory models for RA for
each gender of players included perceptual-
cognitive factors, the complex reaction time model
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for male players, and selective attention and
sensory sensitivity for female players. These
findings support training programs for the
improvement of perceptual-cognitive abilities in
volleyball players. Thus, future research should
be focused on the effects of reactive intervention
among youth volleyball players.

While our findings provide
understanding of the significance of motor and
perceptual-cognitive variables in contributing to
faster RA, the current study did not intend to
measure other factors that usually contribute to
RA, ie. linear speed, pre-planned changes of
direction speed, ground reaction forces, and
morphological features (Dos’Santos et al., 2018;
Hornikova et al. 2021; Popowczak et al., 2020;
Scanlan et al., 2014; Spiteri et al., 2014). While
these contributing factors may further distinguish
between RA considering gender, it will be
necessary to  take into  account the
interrelationship of all of these variables in an
analysis comparing male and female athletes.

In conclusion, gender differences in motor
properties and saccadic dynamics to a large
extent, and to a small extent in simple and
complex reaction time and selective attention,
differentiate between RA of female and male
players.  Motor and  perceptual-cognitive
components significantly contributed to RA
performance in competitive youth volleyball
players. Consequently, explosive strength,
complex reaction time, sensory sensitivity and
selective attention can be considered significant
factors of reactive agility in volleyball players.
Moreover, the current findings add to the
somewhat mixed findings (Hornikova et al., 2021)
in the literature regarding the extent to which
perceptual-cognitive function may be associated
with RA. From a practical perspective, as
perceptual-cognitive processes are significant
determinants of RA, it is necessary to create
training programs which would improve
perceptual-cognitive skills in athletes.
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ABSTRACT

Background: Stroboscopic training is based on an exercise with intermittent visual
stimuli that force a greater demand on the visuomotor processing for improving
performance under normal vision. While the stroboscopic effect is used as an
effective tool to improve information processing in general perceptual-cognitive
tasks, there is still a lack of research focused on identifying training protocols for
sport-specific settings. Therefore, we aimed at assessing the effects of in-situ
stroboscopic training on visual, visuomotor and reactive agility in young volleyball
players.

Methods: Fifty young volleyball athletes (26 males and 24 females; mean age, 16.5 +
0.6 years) participated in this study and were each divided randomly into an
experimental group and a control group, who then both performed identical
volleyball-specific tasks, with the experimental group under stroboscopic influence.
The participants were evaluated three times using laboratory based tests for simple
and complex reaction speed, sensory sensitivity and saccade dynamics; before the
after the 6-week-long training (short-term effect) and 4 weeks later (long-term
effect). In addition, a field test investigated the effects of the training on reactive
agility.

Results: A significant TIME vs GROUP effect was observed for (1) simple motor time
(p = 0.020, np” = 0.08), with improvement in the stroboscopic group in the post-test
and retention test (p = 0.003, d = 0.42 and p = 0.027, d = 0.35, respectively);

(2) complex reaction speed (p < 0.001, np> = 0.22), with a large post-test effect in the
stroboscopic group (p < 0.001, d = 0.87) and a small effect in the non-stroboscopic
group (p = 0.010, d = 0.31); (3) saccade dynamics (p = 0.011, np2 = 0.09), with post-
hoc tests in the stroboscopic group not reaching significance (p = 0.083, d = 0.54); and
(4) reactive agility (p = 0.039, np> = 0.07), with a post-test improvement in the
stroboscopic group (p = 0.017, d = 0.49). Neither sensory sensitivity nor simple
reaction time was statistically significantly affected as a result of the training

(p > 0.05). A significant TIME vs GENDER effect was observed for saccadic dynamics
(p = 0.003, np* = 0.226) and reactive agility (p = 0.004, np> = 0.213), with stronger
performance gains in the females.

Conclusions: There was a larger effectiveness from the 6-week volleyball-specific
training in the stroboscopic group compared to the non-stroboscopic group.

The stroboscopic training resulted in significant improvements on most measures
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(three of five) of visual and visuomotor function with more marked enhancement in
visuomotor than in sensory processing. Also, the stroboscopic intervention improved
reactive agility, with more pronounced performance gains for short-term compared
to the long-term changes. Gender differences in response to the stroboscopic training
are inconclusive, therefore our findings do not offer a clear consensus.

Subjects Kinesiology, Psychiatry and Psychology, Sports Medicine
Keywords Reaction time, Visual training, Team sports, Agility, Stroboscopic eyewear

INTRODUCTION

In the fast-paced scenario of a volleyball game, players need to rapidly process a
considerable amount of information in order to make appropriate motor action responses.
In this regard, perceptual-cognitive abilities seem to be a crucial aspect of skilled
performance under time pressure. Previous studies have identified several key
perceptual-cognitive functions important for skilled player performance. Specifically,
compared to non-athletes or novices, experienced volleyball players have an advantage in
eye movement dynamics (Fortin-Guichard et al., 2020; Piras, Lobietti & Squatrito, 2010),
the ability to track multiple moving targets (Zhang, Yan ¢ Yangang, 2009), visuomotor
processing (Piras, Lobietti ¢ Squatrito, 2014; Zwierko et al., 2010), and also pattern recall,
anticipation, and decision making (De Waelle et al., 2021; Fortin-Guichard et al., 2020;
Piras, Lobietti & Squatrito, 2014).

In open-skill sports, expert players have a superior ability to interact with dynamic
environments in real-time (Aratijo et al., 2019). Expert-novice differences in the ability to
identify relevant stimuli and fast information processing have been identified extensively
in team-based sports, including soccer (Klatt ¢» Smeeton, 2022), handball (Blecharz et al,
2022), baseball (Miiller, Fadde & Harbaugh, 2017; Ranganathan & Carlton, 2007),
basketball (England et al., 2019; Zwierko et al., 2018), and volleyball (Fortin-Guichard et al.,
2020; Trecroci et al., 2021). While it is clear that perceptual proficiency enables athletes to
produce a faster and more accurate motor response, through enhanced information
processing and better perception-action coupling (Farrow & Abernethy, 2003; Mann et al.,
2007), there is still ongoing research on improving athlete’s reactive ability for specific
sport environments.

Recently, stroboscopic training has been indicated as an effective tool to enhance
perceptual-cognitive functions and physical performance (Appelbaum & Erickson, 2018;
Hiilsdiinker, Gunasekara & Mierau, 2021a, 2021b; Wilkins & Appelbaum, 2020; Wilkins,
Nelson & Tweddle, 2018). In general, the idea of stroboscopic training is based on an
exercise with intermittent visual stimuli that force a greater demand on the visuomotor
processing, leading to better performance in normal vision conditions (Wilkins ¢
Appelbaum, 2020). Scientific evidence has consistently reported beneficial effects of specific
stroboscopic intervention in general perceptual-cognitive and motor skills, e.g.,
information encoding in short-term memory (Appelbaum et al., 2012), central visual field
motion sensitivity and anticipatory timing (Appelbaum et al., 2011), visuomotor reaction
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time (Hiilsdiinker, Gunasekara ¢» Mierau, 2021b), coincidence-anticipation performance
(Ballester et al., 2017), hand-eye coordination (Ellison et al., 2020), catching performance
(Wilkins & Gray, 2015), and postural control in dynamic balance tasks (Lee et al., 2022).
While studies have provided valuable information about the role of stroboscopic training
on generic adaptation in perceptual-cognitive and motor skill performance in controlled
environments, little is known about its role in the complex fast-paced motor tasks that are
more specific to open-skill sports. Here, we aim to investigate the impact of stroboscopic
intervention on reactive agility, which has been identified as an essential component of
performance in team sports (Sheppard et al., 2006).

Recent evidence (Hiilsdiinker, Gunasekara ¢ Mierau, 2021a, 2021b) has shown in
young athletes that stroboscopic training cause improvements in visuomotor reaction
time, which was largely associated with visual processing. Specifically, more than 60% of
the reduction in reaction time was due to the adaptations in latency of cortical potentials in
brain regions for visual processing. Based on this data, it seems that training-induced
changes may provide greater efficiency in visual function after training with a stroboscopic
protocol. Therefore, we aimed at examining previously unexplored visual parameters
following the stroboscopic training, such as: saccadic dynamics considered as a specific
mode of exploratory eye movements that are accompanied by a shift of attention to the
selected object (Kowler, 2011), and visual sensitivity identified as a quantitative index of
cortical arousal in relation to physical exercise (Davranche ¢ Pichon, 2005; Lambourne &
Tomporowski, 2010).

Also, to the authors’ knowledge, there are limited studies about the use of in-situ
stroboscopic intervention in volleyball training. One of the studies in this area was
conducted by Kroll et al. (2020), who demonstrated the effectiveness of stroboscopic
training in enhancing jumping performance and its potential as an addition to plyometric
training in volleyball. Given that the utilization of stroboscopic protocols in a sport-specific
context is a significant advantage (Carroll et al., 2021), research in this field is necessary for
a practical application in sport training.

Based on the reported research gaps, the current study aimed at investigating the effect
of stroboscopic training on young volleyball players. The 6-week program was based on
in-situ sport-specific tasks performed either with or without stroboscopic eyewear. In line
with previous studies (Appelbaum et al., 2011; Hiilsdiinker, Gunasekara & Mierau, 2021a,
2021Db), it was hypothesized that training with the use of stroboscopic eyewear would be
more effective in improving visual and visuomotor performance, and in on-field test
results measuring reactive agility, in relation to the same training without the stroboscopic
eyewear. The potential impact of stroboscopic training will be also analyzed in relation to
gender.

MATERIALS AND METHODS

Participants

To determine the minimum sample size required for this study, a power analysis was
conducted using G*Power 3.1 (Heinrich Heine Universitat Diisseldorf, Diisseldorf,
Germany) (Faul et al., 2007). The analysis was based on an effect size of 0.25, an alpha of
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Table 1 Descriptive (mean + standard deviation) characteristics of the experimental sample.

Stroboscopic group (n =25) Non-stroboscopic group (n =25) p

Age (years) 16.4 + 0.7 16.6 + 0.5 0.254
Female (n) 12 12

Male (n) 13 13 0777
Height (cm) 180.2 + 8.2 1819 + 8.1 0.470
Weight (kg) 743 + 104 716 + 8.9 0.340
Sports experience (years) 6.7 £ 1.1 6.6+ 13 0.732
The effective time duration of training intervention (min/week) 450+ 14 46.1 £ 2.0 0.152

Note:

The p’ column corresponded to the t-test, except for one instance marked with ‘4’ where it represented the chi-square statistic with Yates correction.

0.05, and a power of 0.95 for a mixed-model ANOVA with the between-subject factor of
group (stroboscopic, non-stroboscopic) and the within-subject factor of time (pre, post,
retention). The power analysis indicated that a minimum of 44 participants were necessary
for the desired statistical power, which is consistent with the sample size used in a similar
study by Hiilsdiinker, Gunasekara & Mierau (2021a). Initially, 58 participants were
recruited for this study. Due to random factors such as injury or illness, ultimately 50
athletes participated in the study (26 males and 24 females, age range 16-18 years, mean
age = SD 16.5 * 0.6 years). The inclusion criteria for the study were: (a) volleyball training
on a regular basis, at least 5 days a week, and (b) participating in official volleyball
federation competitions during the season. The exclusion criteria included health
conditions, such as epilepsy, migraine, or injury that prevented completion of the tests.
For each gender, a random selection was made into either the stroboscopic group or the
non-stroboscopic group (see Table 1 for a description of the experimental sample). All the
participants, as well as their parent(s) or legal guardian(s), were informed of and consented
to the testing procedures, and written informed consent was obtained for the use of the
data from this research. The Research Ethics Committee of the University School of
Physical Education in Wroctaw reviewed and authorized the designed research protocol
(No. 8/2021).

Measurements

Laboratory testing

To evaluate perceptual-cognitive functions (simple reaction speed, complex reaction
speed, and sensory sensitivity), a computer-assisted Vienna Test System application
(Schuhfried, Austria) was used. To this purpose, a computer (CPU 1.6 GHz) with a
monitor (Dell P1913, diagonal 19”, resolution 1,280 x 1,024 pixels, refresh rate 85 Hz) and
SCHUHFRIED response panel with foot-operated keys were used. Vienna Tests System is
a reliable and valid psychometric tool used previously in sports vision training intervention
(Krzepota et al., 2015).

Simple reaction speed
To assess simple reaction speed, the S1 version of the Reaction Time test was administered.
Participants were required to respond to randomly generated light stimuli in the form of a
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yellow circle appearing at different time intervals (ranging from 2.5 to 6.0 s) at the bottom
center of the screen. A total of 28 stimuli were presented during the test. To begin the test,
participants placed their index finger on the ‘waiting key’ and in response to the stimulus,
the finger was moved from the ‘waiting key’ to the ‘response key’. After the response was
made, the finger returned to its initial position. Participants were instructed to respond to
the visual stimuli as quickly as possible. Two variables were calculated: simple reaction
time (ms), defined as the interval of time between the appearance of the stimulus and
lifting the finger from the ‘waiting key’, and simple motor time (ms), which characterizes
the interval of time from lifting the ‘waiting key’ to pressing the ‘response key’.

Complex reaction speed

To assess complex reaction speed, the Determination Test version S1 was used.

The Determination Test is a comprehensive and multifaceted reaction test that includes
the presentation of both visual stimuli, such as colored stimuli and auditory signals, and is
used in sports diagnostics (Ong, 2015). The test is designed to measure the ability to
tolerate reactive stress, attention and complex reaction speed. Participants were to react to
programmed randomly generated visual stimuli (in red, yellow, white, blue, and green
colors) and auditory stimuli (high-pitch and low-pitch sounds) by pressing the appropriate
button for the stimulus on the reaction panel. Also, white lights which appeared on a black
background on the screen required pressing one of the two reaction pedals with a foot.
The visual stimuli randomly appear in different locations on the screen. The rate at which
the stimuli are presented was based on the participant’s pace of work. The exercise length
was approximately 6 min, including the practice phase. An analysis of the uncorrected
total complex reaction speed (ms) was conducted. Additionally, incorrect responses in the
complex task were monitored.

Sensory sensitivity

The flicker-fusion frequency test is a widely used and objective measure of central nervous
system function capacity, including cortical arousal and visual sensory sensitivity threshold
(Davranche & Pichon, 2005; Fuentes et al., 2018; Mankowska et al., 2021). In this study the
Flicker Frequency test was used to calculate the sensory sensitivity threshold. The test was
performed under stable conditions by placing a light source in a darkened tube with
backlighting background and held up to the participant’s eyes. Inside the tube, a red point
was placed in the center of vision. Initially, the participant recognized the light as steady
(non-flickering), then the frequency of the red point gradually decreased until the
subjective sensation of flickering. The participant should recognize the frequency change
of the light source (steady to flickering) by pressing the button. The mean value of the
measurements taken during the decreasing mode corresponded to the frequency (Hz) at
which the light appeared to transition from a constant to a flickering state, as perceived
subjectively. The decision to use only the descending series, instead of alternating
descending and ascending, which is a more common method to avoid anticipation, was
made due to time constraints related to the study procedure (Balestra et al., 2018).
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Saccade dynamics

To initiate a saccadic response, a free-viewing visual search activity was conducted, without
any design specific to sports, where participants were instructed to identify a target (a red
letter ‘E’) from a field of 47 distractors, including an inverted red letter ‘E’ (‘3”), a red letter
‘F’, and a blue letter ‘E’ (Zwierko et al., 2019). Visual stimuli were displayed on a 55-inch
television monitor (55UK6470; LG, Seoul, South Korea) at a distance of 1 m. Participants
completed a total of 16 trials, with half of them being target-present trials and the other
half being target-absent trials, and which were displayed in a random order. Participants
were not informed about the type of trial they were in or the location of the target, ensuring
an unbiased outcome. Participants were instructed to use one button to confirm the
detection of the target (target-present trials) and another button to indicate the absence of
the target (target-absent trials) as quickly as possible. During the visual search task, the
saccadic movements of the eyes were recorded and analyzed. The average saccade velocity
(°/s) was used to evaluate the saccade dynamics. Binocular gaze data was collected at a rate
of 60 Hz (ETG 2w; SMI, Hamburg, Germany) using a portable eye-tracking system while
participants performed the visual search task. A standard one-point calibration procedure
was conducted binocularly, and the gaze data was subsequently analyzed using SMI
BeGaze 3.5.101 software.

Field test

Reactive agility

Following the testing procedure by Popowczak et al. (2020), a five-repetition shuttle run to
test gates was conducted using a Fusion Smart Speed System (Fusion Sport, Coopers
Plains, QLD, Australia). The system included an RFID reader to identify the athlete’s tag,
electronic gates with a photocell, an infrared transmitter, and light reflector, a smart jump
mat integrated with a photocell, and computer software. The timing of movement during
repeated stop-and-go directional adjustments in response to a random light signal at the
gate was measured. Each participant performed five runs from the beginning mat to each
of the designated gates (each 1 m long and positioned between photocells with reflectors).
The distance from the mat to the gate was 4.5 m. Prior to beginning the measurements, the
participants underwent a standardized warm-up procedure of 15 min. Each participant
performed the test twice with a 3-min rest period interval. The shortest run time (s) was
used for the analysis. Fig. 1 presents a schematic of the reactive agility test.

Experimental procedure

The experiment involved a 6-week training period. The experiment was performed three
times per week during the initial part of regular trainings. The pre-tests, post-tests and
4-week retention tests included both a laboratory test (perceptual-cognitive function) and
a field test (reactive agility). The total duration of the testing session for one person did not
exceed 60 min, with the experimental time for the laboratory sub-tests approximately
40 min, and for the field test 20 min (including warm-up). To minimize potential bias and
ensure that the observed effects were truly due to the stroboscopic protocol, and also for
logistical reasons, the participants were divided into four groups: a female stroboscopic
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Figure 1 A schematic of the reactive agility test. Full-size K] DOT: 10.7717/peerj.15213/fig-1

group, a male stroboscopic group, a female non-stroboscopic group, and a male
non-stroboscopic group. Each group was tested on a separate day. Each testing session
took place under the same conditions, starting at 9 am. The participants were familiarized
with the tests (lab and field) prior to data acquisition using familiarization sessions to avoid
any potential learning effects. Furthermore, a standard procedure, including an instruction
and practice phase, was carried out in the Vienna Test System prior to each measurement.
A method of randomizing the order of tests was used to control for potential order effects.
Both, the stroboscopic and non-stroboscopic groups completed identical sport-specific
exercises, under either stroboscopic or normal visual conditions, respectively. Each group
trained on a separate court. Three volleyball-specific training protocols were undertaken.
Protocol I ‘wall passing drills’ consisted of three tasks with the ball, including forms of
reaction time exercise (e.g., visual search, time pressure, second balls). Protocol II ‘partner
passing drills’ consisted of five tasks in the frontal position, including forms of reaction
time exercise by using external light stimuli, tennis balls, or time pressure. Protocol III
‘passing rotation drill’ consisted of two forms of passing (overhead and forearm passes)
with changes of direction by forced time pressure. Fig. 2 presents a graphical illustration of
the study protocols, along with examples of the exercises. Protocols lasted 25 and 30 min.
During the training period, the experimental group wore stroboscopic eyewear (Senaptec
Strobe, Beaverton, USA) with both lenses strobing. The eyewear was programmed and
controlled via bluetooth using the Senaptec Strobe App installed on a smartphone.
Following Hiilsdiinker, Gunasekara ¢ Mierau (2021a), stroboscopic protocols were
restricted to 2.5 min with a 2.5-min break interval. The flicker speed of the stroboscopic
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Figure 2 A graphical illustration of the study protocols with examples of the exercises. (A) Protocol I:
“Wall Passing Drills”: The player stands in front of a wall on which numbers are placed as optotypes.
They bounce the ball off the wall, make an overhead pass above themselves, and then touch the desig-
nated number before returning to the starting position for the next bounce. (B) Protocol II: “Partner
Passing Drills”: The player makes an overhead shot above themselves, and on the second touch, passes
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Figure 2 (continued)
the ball to their partner. During the first pass, the partner signals one of four colors (blue, green, red,
yellow). After the pass, the player must touch the designated color marker and return to the defensive
position, and be ready for the next pass. (C) Protocol III: “Passing Rotation Drill”: The players are
arranged in two pairs and positioned facing each other. They make overhead or forearm passes to their
partner, then simultaneously switch positions according to a rotation scheme to keep the ball in play.
The graphic illustrations were prepared using the Easy Sports-Graphics software.

Full-size K&] DOT: 10.7717/peerj.15213/fig-2

glasses was modulated for frequency (Hz) and duty cycle (%) (proportion of time the
strobe light is on compared to the time it is off) to avoid adaptation effects, with the task
difficulty increasing gradually (week 1: 15 Hz, 50%; week 2: 13 Hz, 50%; week 3: 11 Hz,
50%; week 4: 10 Hz, 50%; week 5: 9 Hz, 60%; week 6: 9 Hz, 70%).

Statistical analyses

Descriptive statistics were presented as means and standard deviations. Normality of the
data was examined using a Shapiro-Wilk test, and the homogeneity of variances was
confirmed using a Levene test (p > 0.05). A mixed model ANOVA was performed, with
inter-subject factor GROUP (stroboscopic, non-stroboscopic) and the intra-subject factor
TIME (pre, post, retention). To investigate gender differences in response to the
stroboscopic training, another mixed-model ANOVA was conducted with the
inter-subject factor GROUP (female vs male) and intra-subject factor TIME (pre, post,
retention). Post-hoc comparisons were adjusted using the Holm-Bonferroni procedure,
and statistical significance was set at p < 0.05. The magnitude of the differences (effect
sizes) was reported using Cohen’s d and partial eta squared (np?) for t- and F-tests,
respectively. The criteria for interpreting the magnitude of the effect sizes were: small (0.2),
medium (0.5), and large (0.8) for the Cohen d and small (0.01), medium (0.06), and large
(0.14) for partial eta squared (Cohen, 1988). JASP statistical software (version 16.1) was
used for all analyses.

RESULTS

The control analyses revealed no differences between the groups in anthropometric
measures, gender, average training time per week, and training exposure time (as shown in
Table 1). Pre-test performance scores between the stroboscopic and non-stroboscopic
groups met the criteria for comparability in the control analysis, as all p-values were not
significant (p > 0.05) for the following measures: simple motor time p = 0.761, simple
reaction time p = 0.842, complex reaction speed p = 0.351, sensory sensitivity p = 0.054,
saccade dynamics p = 0.055, reactive agility p = 0.197.

We used the mixed model ANOVA (main effects of TIME and GROUP) to analyze the
variability of the perceptual-motor test results of the groups using stroboscopic glasses and
without. The descriptive statistics of the sample in pre, post, and retention conditions for
stroboscopic and non-stroboscopic groups are presented in Table 2. The interactions
between the two-factor variables (TIME x GROUP) are displayed in Fig. 3.
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Table 2 Descriptive statistics of the visual, visuomotor and reactive agility parameters in the stroboscopic and non-stroboscopic groups in
pre-tests, post-tests, and retention tests.

Variable Group Pre-test mean + SD Post-test mean + SD Retention-test mean + SD
(min-max) (min-max) (min-max)
Simple motor time (ms) Stroboscopic 133.40 + 36.75 118.80 + 37.39 121.20 + 40.49
(80.00-222.00) (61.00-219.00) (77.00-227.00)
Non- 130.32 + 34.51 129.12 + 32.18 131.24 + 26.61
stroboscopic (75.00-207.00) (79.00-212.00) (87.00-195.00)
Simple reaction time (ms)  Stroboscopic 270.96 + 44.51 263.20 + 35.98 272.44 + 41.03
(195.00-386.00) (206.00-322.00) (206.00-392.00)
Non- 273.72 £ 52.66 272.56 + 43.59 273.64 + 42.56
stroboscopic (220.00-447.00) (206.00-393.00) (203.00-401.00)
Complex reaction speed Stroboscopic 737.20 + 62.49 674.40 £ 61.58 662.80 + 81.27
(ms) (620.00-850.00) (570.00-800.00) (540.00-870.00)
Non- 719.60 * 69.49 697.20 + 77.81 684.80 + 78.91
stroboscopic (630.00-870.00) (600.00-860.00) (580.00-890.00)
Sensory sensitivity (Hz) Stroboscopic 44.01 £ 5.69 46.60 + 5.22 44.80 + 6.23
(33.90-57.25) (39.04-59.88) (30.64-56.20)
Non- 46.84 = 431 46.68 = 5.51 47.08 = 6.46
stroboscopic (39.91-55.36) (38.53-58.83) (37.51-59.88)
Saccade dynamics (°/s) Stroboscopic 94.30 £ 9.73 99.26 * 9.09 101.38 + 6.89
(81.03-116.93) (84.17-119.07) (88.44-116.58)
Non- 100.10 + 11.07 98.20 £ 9.37 100.93 + 8.51
stroboscopic (81.92-121.49) (84.32-119.23) (85.50-119.65)
Reactive agility (s) Stroboscopic 18.18 + 1.23 17.62 + 0.98 17.88 + 1.32
(16.35-20.58) (16.40-19.25) (15.92-20.32)
Non- 18.61 = 1.09 18.39 £ 1.14 18.04 + 1.15
stroboscopic (16.24-20.40) (16.00-20.35) (16.19-20.80)

Simple reaction speed

The ANOVA on the motor time component of the simple reaction speed test revealed a
significant main effect for TIME (F, 96 = 4.59, p = 0.013, r]p2 = 0.09) and no effect for
GROUP (F; 45 = 0.38, p = 0.542, r]p2 = 0.01). Further, an interaction between the factors
TIME and GROUP (F, 46 = 4.06, p = 0.020, np” = 0.08) was observed. In the stroboscopic
group, post-hoc tests showed significant differences between the pre-test and post-test
(133.40 £ 36.75 vs 118.80 + 37.39 ms, p = 0.003, d = 0.42) as well as between the pre-test
and retention test (133.40 + 36.75 ms vs 121.20 + 40.49 ms, p = 0.027, d = 0.35), indicating
a significantly faster motor time dependent on the stroboscopic training. The reaction time
showed no significant main effect of TIME (F, 6 = 1.61, p = 0.206, np2 = 0.03), nor of
GROUP (F 45 = 0.14, p = 0.709, r]p2 < 0.01) nor interaction terms TIME x GROUP
(F2.06 = 0.96, p = 0.386, np° = 0.02).

Complex reaction speed

Regarding complex reaction speed, we observed a statistically significant effect of TIME
(F206 = 81.54, p < 0.001, r]p2 = 0.63) and the interaction TIME x GROUP (F, g6 = 13.21,
p < 0.001, np> = 0.22), however, the inter-subject effect—GROUP—was insignificant
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Figure 3 Interaction plots of visual and visuomotor parameters by TIME and GROUP: stroboscopic
(black dots) vs non-stroboscopic (white dots) groups in a pre-post-retention design. Pre-test, post-
test, and retention test values are presented as means and 95% CIs. Significant changes (p < 0.05) in visual
and visuomotor parameters are denoted by an asterisk (*) for the stroboscopic group and a pound sign
(#) for the non-stroboscopic group, with accompanying effect sizes (d).

Full-size K] DOLI: 10.7717/peerj.15213/fig-3

(Fras = 0.21, p = 0.649, np” < 0.01). Post-hoc analysis showed that both groups,
stroboscopic and non-stroboscopic, achieved better results (p < 0.05) in the post-test and

retention test compared to the pre-test, and the stroboscopic training yielded a higher

magnitude of effect for the compared tests. In particular, pre-test vs post-test differences
for the stroboscopic group showed a large effect (737.20 + 62.48 ms vs 674.40 + 61.58 ms,
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p <0.001, d = 0.87) and small effect for the non-stroboscopic group (719.60 + 69.49 ms vs
697.20 + 77.81 ms, p = 0.010, d = 0.31). Similarly, the pre-test vs retention test differences
with a large effect were observed in the stroboscopic group (737.20 + 62.49 ms vs 662.80 +
81.27 ms, p < 0.001, d = 1.03) and differences with small effect for the non-stroboscopic
group (719.60 + 69.49 ms vs 684.80 + 78.91 ms, p < 0.001, d = 0.48). The control analysis of
complex reaction incorrect responses showed no significant main effect for TIME

(Fp.06 = 0.91, p = 0.405, np” = 0.02) or GROUP (F 45 = 1.99, p = 0.164, np> = 0.04) factors.
The interaction between the factors also had no significant effect (F, 5 = 1.31, p = 0.276,
np” = 0.03).

Sensory sensitivity

The analyses of sensory sensitivity (flicker frequency) did not reveal a significant main
effect either for TIME (F, 6 = 1.34, p = 0.267, r]p2 = 0.03) or for GROUP (F, 453 = 1.68,
p = 0.201, np”> = 0.03) factors. The interaction between factors did not exert significant
effects (F,06 = 1.88, p = 0.158, np> = 0.04).

Saccade dynamics

Regarding saccade dynamics, the analyses revealed a significant effect of TIME

(F06 = 5.23, p = 0.007, np” = 0.098) and the interaction TIME x GROUP (F, o5 = 4.73,
p=0.011,np> = 0.09). The factor GROUP did not reach statistical significance (F; 45 = 0.43,
p = 0.514, np” = 0.01). Post-hoc analysis in the stroboscopic group showed a trend toward
significance when comparing the pre-test vs post-test results (94.30 + 9.73°/s vs 99.25 +
9.08°/s, p = 0.083, d = 0.54) and significance when comparing pre-test vs retention test
results (94.30 £ 9.73°/s vs 101.38 + 6.89°/s, p = 0.002, d = 0.77).

Reactive agility

The analyses of reactive agility revealed a significant main effect of TIME (F, 96 = 8.24,
p < 0.001, np* = 0.15) and the interaction TIME x GROUP (F, ¢ = 3.35, p = 0.039,

an = 0.07). The factor GROUP was not significant (F; 43 = 2.41, p = 0.127, np2 = 0.05).
In the stroboscopic group post hoc tests showed a statistically significant difference
between the pre-test and post-test results (18.18 + 1.23 s vs 17.62 + 0.88 s, p = 0.017,

d = 0.49), whereas in the non-stroboscopic group a significant difference between the
pre-test and retention test results was observed (18.61 + 1.09 s vs 18.04 + 1.15 s, p = 0.014,
d = 0.50).

Gender differences in response to stroboscopic training

Table 3 presents the differences in the test results between male and female players within
the stroboscopic group over time of the experimental procedure. A significant TIME vs
GENDER effect was observed for saccadic dynamics (F, 46 = 6.72, p = 0.003, np” = 0.23)
and reactive agility (F,46 = 6.21, p = 0.004, np> = 0.21). Post-hoc analysis indicated that in
both cases, a significant improvement in post-test results compared to pre-test results
occurred in the female group (95.65 + 8.61°/s vs 87.08 + 5.18 °/s, p = 0.018, d = 1.14 for
saccadic dynamics and 18.26 + 0.64 s vs 19.23 s, p < 0.001, d = 1.46 for reactive agility,
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Table 3 Results of visual, visuomotor and reactive agility tests in relation to gender within the stroboscopic group: descriptive and statistical
values in pre-tests, post-tests, retention tests, and interaction effects (TIME x GENDER).

Variable Group Pre-test mean + SD Post-test mean + SD Retention-test mean + SD F P qu

Simple motor time (ms) F 157.92 + 35,54 146.09 + 33.77 146.42 + 41.78 021 0809 0.1
M 110.77 + 19.70°° 93.62 + 17.87°% 97.92 + 21.36*

Simple reaction time (ms) F 289.25 + 54.87 280.33 + 40.41 288.42 + 50.31 013 0875 001
M 254.08 + 23.67° 247.39 + 23.00° 257.69 + 23.58"

Complex reaction speed (ms) F 755.83 * 56.96 690.83 + 59.92** 691.67 + 75.30™ 229 0113 0.09
M 720.00 + 64.55%° 659.23 + 61.44%%° 636.15 + 80.06*

Sensory sensitivity (Hz) F 44.07 + 6.51 47.63 + 5.82 43.76 + 4.80 144 0247 0.06
M 43.96 + 5.08 45.66 + 4.63 4575 + 6.22

Saccade dynamics (°/s) F 87.08 + 5.18 95.65 + 8.61° 100.70 + 7.43% 672 0003 023
M 100.97 + 8.04 102.59 + 8.49 102.00 + 6.59

Reactive agility (s) F 19.23 +0.79 18.26 + 0.64* 19.03 + 0.66 621 0004 021
M 17.21 + 056 17.03 + 0.62%° 16.81 + 0.72%

Notes:

* Denotes significant differences within groups (between post-test vs pre-test and retention-test vs pre-test).
" Denotes significant group difference (female vs male).

%) < 0.05.
aalbby, < 0.01.

F-female, M-male; F-interaction effect (TIME x GENDER).

respectively), with no significant changes in the male group (p > 0.05). No significant
gender differences (p > 0.05) were found in the course of variability of other test results.

DISCUSSION

Our study evaluated the effects of stroboscopic intervention on visual, visuomotor and
reactive agility in youth volleyball players. The results indicated that stroboscopic training
were more effective than regular training, with the stroboscopic group showing significant
short and long-term improvements in simple motor reaction time and saccade velocity, as
well as larger gains in complex reaction speed and reactive agility (in the short-term).
Additionally, gender differences in response to the stroboscopic intervention were
identified in two out of six variables.

Our findings add further support to the suggestions (Carroll et al., 2021; Wilkins ¢
Appelbaum, 2020) that stroboscopic training may be an effective tool for improving visual
and visuomotor abilities in sports training. Previous behaviors and neurophysiological
evidence (Hiilsdiinker, Gunasekara ¢ Mierau, 2021a, 2021b) showed that visuomotor
reaction times after stroboscopic protocols in young elite badminton athletes were largely
associated with visual processing rather than motor processes. Similarly, Poltavski,
Biberdorf ¢ Praus Poltavski (2021) used electrophysiological indexes of EEG and visual
evoked potentials to monitor visual training effects and progress in the performance of
youth ice hockey players. Training-induced changes in the electrophysiological indexes
reflected greater efficiency in visual information processing and cognitive resource
allocation following visual training with a stroboscopic protocol. However, the present
study results cannot fully confirm the cited data. The laboratory parameters analyzed in
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our study, i.e., a visual sensory sensitivity measured by flicker frequency and simple
reaction time, did not show significant variations after the reactive training in either the
stroboscopic or non-stroboscopic group. On one hand, volleyball is a very
visuomotor-demanding sport and may yield beneficial neuroadaptation to visual sensory
processing in earlier stages of sports training. In a study using electrophysiological
recordings (visual evoked potentials, VEP) in young athletes practicing volleyball for 2
years, Zwierko et al. (2014) observed a decrease in VEP latencies (P100 and N75),
suggesting that the effects of regular sports training cause improvements in the sensory
stage of information processing. On the other hand, it is also possible that the maturation
of the visual system may influence training effects in different ways between athletes aged
13 (Hiilsdiinker, Gunasekara ¢» Mierau, 2021b) and 16-18 (current study). Following
Kovdcs et al. (1999) the maturation of the visual system is not homogeneous, and the
development in visual spatial integration may extend between 5 and 14 years. That is why
stroboscopic training may bring more noticeable effects in younger athletes. It is also
possible that the sensory processing measurement used in this study (reaction time to a
yellow light appearing on a computer screen, flashing light in a sensory sensitivity test)
primarily activated processing in the ventral visual stream, which is responsible for
processing visual information such as object recognition and color perception (Ungerleider
¢ Mishkin, 1982), while the environment of the volleyball players mainly requires the use
of the dorsal visual stream, which processes more coarse visual information such as
motion, depth and spatial location. The results indicate that athletes required to quickly
respond to moving stimuli rely more on their dorsal stream (Sasada et al., 2015). However,
research suggests that there is an interaction between the dorsal and ventral pathways in
action contexts (van Polanen ¢ Davare, 2015), so stroboscopic excitation of the dorsal
pathway may influence the ventral pathway. It is important to note that this is just a
possible explanation and that further research would be needed to determine the specific
mechanisms behind the observed effects.

It appears that stroboscopic protocols may have specific effects on certain types of tasks,
as demonstrated in our study, where it improved simple motor time (the speed of a simple
reaction involving hand movement) in the stroboscopic group but not in the
non-stroboscopic group. The adaptation to stroboscopic training used in sport-specific
exercises, by better processing and integrating visual information for efficient movement
execution, led to improved coordination and an increase in movement speed. This aligns
with previous studies, which have found that stroboscopic protocols are effective in
enhancing eye-hand coordination in dynamic and complex coordination tasks (Ellison
et al., 2020; Jones, Carnegie & Ellison, 2016).

This study gives partly supporting evidence to the claim that stroboscopic protocols
improve the speed of cognitive and information processes created by the action of multiple
stimuli on the player sensory system. We observed a significant effect of the “TIME’ factor
in the complex reaction speed, which suggests that both groups improved their reaction
speed in complex tasks, with more pronounced gains in the stroboscopic group. The main
focus of the protocols (especially protocol 2) was to perform specific volleyball exercises
that involved complex reaction tasks (e.g., as shown in the Fig. 2B). It is also possible that
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the results of the complex reaction tests may have been influenced by a learning effect,
despite the participants having prior familiarity with the tests (both in the lab and field).
This is an issue that has been observed in previous studies using a stroboscopic protocol
(Wilkins, Nelson ¢ Tweddle, 2018). A number of previous studies have shown that the
stroboscopic training leads to improvements in some aspects of visual cognition, in
particular central visual field motion sensitivity and transient attention abilities
(Appelbaum et al., 2011), some aspects of visual memory (Appelbaum et al., 2012),
anticipatory timing (Ballester et al., 2017; Smith ¢ Mitroff, 2012) and Go/No-Go reaction
time (Appelbaum et al., 2016). There is also some evidence which does not confirm the
positive effect of stroboscopic training on visual and perceptual-cognitive skills in elite
athletes (Wilkins, Nelson & Tweddle, 2018). It is possible that these conflicting results may
be caused by differences in sporting experience and individual adaptability to stroboscopic
conditions.

To our best knowledge, this is the first study where the positive impact of stroboscopic
training on saccadic dynamics was reported. In stroboscopic conditions, a player is forced
to utilize the limited visual samples, which may cause increased efficiency in the
oculomotor system. In consequence, the temporal integration of information during
stroboscopic protocols becomes more efficient (Wilkins ¢» Appelbaum, 2020), leading to a
saccadic dynamics advantage later. This finding corresponds to the study results by
Poltavski, Biberdorf ¢» Praus Poltavski (2021), who observed that training of information
processing skills based on visuomotor integration and information processing skills (visual
software training) in ice hockey players, indirectly trained their oculomotor system (eye
quickness variables, i.e., near-far quickness and target capture tasks). It should be noted
that in the current study the baseline level between the stroboscopic and non-stroboscopic
groups was close to achieving significance (p = 0.055), which may to some extent affect the
performance gains in the stroboscopic group being attributed to a lower starting level.
The issue of oculomotor processes when performing tasks with a repeated interruption of
visual input is worth further investigation. Future research should try to evaluate the eye
movements that lead to the successful tracking of moving objects in stroboscopic
conditions.

Reactive agility improvements in the post (stroboscopic group) and retention test (non-
stroboscopic group) were further observed in the field test; however, final training effects
did not differ between groups. While both groups showed improvement in reactive agility,
the study results indicate a clear positive impact of stroboscopic intervention on reactive
agility. However, it is important to note that reactive agility is also closely associated with
motor and biomechanical components, such as running speed and technique, balance,
strength and muscle power of the lower limbs (Condello et al., 2016; Freitas et al., 2022;
KoZlenia et al., 2020; Spiteri, Newton & Nimphius, 2015; Spiteri et al., 2014). It appears that
these observations support the idea that the gains seen in the present study, apart from the
perceptual-cognitive factor, may be mainly linked to improvements in strength, power, or
other factors, as similar findings have been observed in previous research on reactive agility
in male and female volleyball players. In particular, our own previous studies Zwierko et al.
(2022) have found that factors such as lower body explosive strength, complex reaction
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time, selective attention, and sensory sensitivity play significant roles in determining
reactive agility, with adjusted coefficients of determination (R*) of 23.6% (explosive
strength and complex reaction time) and 34.5% (explosive strength, selective attention,
and sensory sensitivity). Furthermore, other studies Hornikovd, Jeler & Zemkova (2021)
have found that perceptual-cognitive factors contribute to 23.6% of determining reactive
agility in team sport players. The contribution of perceptual-cognitive factors in reactive
agility seems to be significant.

We found significant gender differences in relation to test result variability only for two
of the six analyzed parameters, i.e., saccade dynamics and reactive agility, when the females
received improvements with large effect sizes, while the males did not. It is possible that the
stronger performance gains in the female group may be attributable to a lower baseline
performance level (pre-test value in Table 3). Our previous study (Zwierko et al., 2022) on
a cohort of 135 participants indicated that male volleyball players highly outperformed
female volleyball players in reactive agility test and saccade dynamics, whereas, perceptual
and cognitive factors (selective attention, simple reaction speed, complex reaction speed,
sensory sensitivity) presented non-significant or small to moderate differences in relation
to gender. Shagiri et al. (2018) reported that the gender-related differences in visual and
perceptual function are heterogeneous. Using fifteen different visual tasks, they found that
males had significantly better performances than females in simple reaction time, visual
acuity, visual backward masking, motion direction detection, biological motion, and the
Ponzo illusion. In our view, the observed gender differences in response to stroboscopic
intervention are not straightforward or easy to interpret, as there is no clear consensus in
previous research. It appears that certain types of tasks are more impacted by stroboscopic
training than others. The effects may be specific to the task being performed and may also
vary based on gender. In a future study we will try to identify the best parameter or
parameter combination to distinguish responders from non-responders in response to
stroboscopic intervention, and gender will be considered an independent variable.

The present study provides novel insights into the relationship between stroboscopic
training and visual and visuomotor performance in young volleyball players. However, this
study is not free of limitations. First, in our study, there is a lack of specific volleyball skill
tests that should be designed to transfer standardized laboratory tasks (near transfer) to
more sport-specific conditions (far transfer). Achieving far transfer after different kinds of
perceptual and cognitive training is so far poorly investigated in research studies
(Fleddermann, Heppe & Zentgraf, 2019; Palmer, Coutts ¢» Fransen, 2022; Sala et al., 2019).
It would be interesting for a future study to evaluate the effects of stroboscopic training on
specific sporting performance. Second, the experimental sample was limited to young
athletes, and it has recently been reported that stroboscopic vision may be used to
stimulate larger training effects in more skilled players (Beavan et al., 2021). Therefore, the
generalizability of the present results to other athlete age categories needs to be tested in
future studies. Third, the findings of this study should be evaluated in the context of the
limitations in the study design. In traditional controlled designs, such as drug trials, it is
possible to establish a placebo protocol to balance the experience, expectancy and
motivation of the participants. However, in the case of stroboscopic protocols, it is not
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possible to create a placebo or conceal the experience of the stroboscope from the
participants (Ellison et al., 2020; Wilkins ¢» Appelbaum, 2020). To minimize potential bias,
we divided the participants into four separate groups and trained them on different courts.
Additionally, the training protocols were conducted by one instructor to ensure
consistency. Our study design did not include measures of motivation and expectancy,
which can be considered a limitation of the study.

CONCLUSION

The present results demonstrate a significantly greater effectiveness of 6-week
volleyball-specific training in the group using stroboscopic eyewear compared to those
who trained using regular methods. Stroboscopic intervention resulted in significant
improvements in most measures (three of five) of visual and visuomotor function, with
greater enhancement in visuomotor than in sensory processing. Additionally, the
stroboscopic training improved reactive agility, with more pronounced performance gains
in short-term changes compared to long-term changes. Gender differences in response to
the stroboscopic training are inconclusive, and our findings do not offer a clear consensus
on this issue.
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program on visuomotor reaction speed

in goal-directed movements in young
volleyball players: a study focusing on agqility
performance
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Abstract

Background In team sports, deficits in visuomotor reaction speed are considered a significant and modifiable risk
factor that can lead to decreased performance and an increased risk of injuries. Thus, identifying effective methods to
enhance visuomotor abilities is crucial. The main objective of this research was to investigate the impact of a six-week
stroboscopic intervention on visuomotor reaction speed in goal-directed specific movements based on agility among
young volleyball players. Additionally, the study aimed to explore the impact of saccade dynamics on visuomotor
reaction speed performance throughout the experiment.

Methods There were 50 athletes (26 males and 24 females) with an average age of 16.5 years (+0.6) who participated
in this study. Over a six-week training period, athletes performed volleyball-specific training either wearing
stroboscopic glasses (intervention) or under normal visual conditions (control). Prior to and after the training period,
the agility tests based on change-of-direction speed (CODS) and reactive agility (RA) were used to identify visuomotor
reaction speed performance. To measure agility performance a five-repetition shuttle run to gates was conducted.
The REAC-INDEX, which represents visuomotor reaction speed, was analyzed as the resulting difference between the
CODS test and the RA test. To elicit saccadic dynamics, a laboratory visual search task was performed.

Results A significant GROUPXTIME interaction was observed for the REAC-INDEX (p=0.012, np?=0.13). ANCOVA
analyses revealed significant GROUP differences, indicating improved post-training REAC-INDEX results (p=0.004,
d=0.87), regardless of gender. Training-induced modulations in saccade acceleration did not reach significance, but
a significant relationship was observed between changes in saccade acceleration and changes in the REAC-INDEX
(r=-0.281, p=0.048), indicating that higher performance gains following training were associated with a stronger
increase in saccade acceleration.
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Conclusions This study demonstrates that stroboscopic training effectively enhances visuomotor reaction speed
in goal-directed movements based on agility. Furthermore, visuomotor reaction speed gains could potentially be
mediated by saccade dynamics. These findings provide valuable insights into the effectiveness of stroboscopic
eyewear for training sport-specific visuomotor skills among young volleyball players.

Keywords Reaction time, Visual training, Team sports, Agility, Stroboscopic eyewear

Background

In sports, athletes need to react to visual information
related to motion. The ability to rapidly process visual
input into motor responses is particularly crucial in ball
team sports, where perceiving and analyzing motion
attributes such as ball speed, trajectory, and spin are vital
for achieving success, especially under fatigue condi-
tions [1]. Furthermore, due to the dynamic nature of the
game, athletes need to swiftly identify objects and effec-
tively scan the visual field for relevant points of interest
to make optimal motor decisions [2]. Studies have con-
sistently shown that athletes exhibit superior visuomo-
tor reaction performance compared to non-athletes or
novices in multiple sports, including soccer [3], baseball
[4], volleyball [5, 6], basketball [7] and handball [8, 9].
Importantly, deficits in visuomotor reaction performance
are recognized as a significant and modifiable injury risk
factor [10, 11]. This becomes particularly crucial during
movements involving deceleration, cutting, or landing,
which frequently occur in situations of high uncertainty,
such as defending [12]. Therefore, the search for new
methods of training visuomotor abilities is important
from the perspective of both athletic performance and
the athletes’ health.

Visuomotor reaction speed refers to the ability to per-
form rapid and precise movements of the body or a part
of the body in response to a visual stimulus. It encom-
passes both the reaction time—from the onset of the
stimulus to the initiation of movement—and the time
required for the execution of the movement [13]. This
ability is crucial in team sports, as it assists players in
executing goal-directed movements. These movements
involve mechanisms where visual input triggers motor
actions [14], facilitating coordinated movements to
achieve specific targets during the game. This integration
of vision and action is essential for players to respond
effectively to the dynamic environment of team sports.
The effectiveness of responses to visual stimuli dur-
ing sport-specific actions in the game typically relies on
agility-based maneuvers [15]. Agility in sports encom-
passes rapid, full-body movements involving alterations
in velocity and direction as a response to stimuli [16].
According to this definition, two key aspects of agility
can be identified: the change-of-direction speed (CODS)
and reactive agility (RA). CODS is typically pattern-
based, pre-planned, and closed skill [17]. The assessment
of CODS is predominantly influenced by an individual’s

physical attributes [18]. In contrast, RA focuses spe-
cifically on the ability to react and change direction in
response to external cues or stimuli, such as an oppo-
nent’s movement or a ball trajectory [19]. RA pertains to
spontaneous movements that are influenced by factors
such as motor abilities, running technique, and percep-
tual-cognitive traits [20-22]. In the context of agility-
related aspects, the key differentiation between RA and
CODS lies in the time required for visuomotor reaction
processes to occur when responding to an unforeseen
signal. This distinction has been quantified in research
as the REAC-INDEX, which reflects the difference in
the time taken to complete RA and CODS tasks while
assuming an identical movement structure for both tasks
[23, 24]. In this study, the changes in these aspects of agil-
ity resulting from stroboscopic training intervention will
be examined.

Stroboscopic training, a method that imposes increased
demands on the visuomotor system through intermittent
visual stimulation during motor tasks, has the potential
to lead to improved performance under normal visual
conditions [25]. This technique utilizes stroboscopic
glasses, also known as shutter glasses, which purpose-
fully reduce visual information by alternating between
transparent and opaque states. Athletes can integrate
these glasses into their sport-specific tasks, thereby
facilitating the practice and enhancement of their visual,
perceptual-cognitive, and motor processing in real-world
scenarios. The fundamental principle of stroboscopic
training involves delivering a progressive stimulus to the
visual system by adjusting the frequency and duty cycle
of the stroboscopic goggles. This approach deliberately
increases the challenge of performing motor exercises,
aiming to elicit adaptive responses [26]. Such adapta-
tions are thought to optimize visuomotor processing effi-
ciency in standard visual conditions, ultimately leading
to improved athletic performance. Recent research sug-
gests that stroboscopic training has a significant impact
on both perceptual-cognitive and motor factors [26—29],
including enhancing postural control in dynamic bal-
ance tasks [30]. Current reports on the impact of strobo-
scopic training on athletes’ sport-specific movements (far
transfer) are still limited and do not provide clear find-
ings. For instance, an experimental study demonstrated
that stroboscopic training resulted in improved on-field
performance in badminton [26]. However, the effects of
the training were not significantly different from those
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observed in the control group. On the other hand, the
study in ice hockey, which included on-ice field tests such
as shooting accuracy, reaction time, and puck handling,
demonstrated that stroboscopic training resulted in an
average 18% improvement in on-ice skill performance
for the intervention group (#=6), while the control
group (n=>5) showed no improvement [31]. However, this
study had several limitations, especially regarding the
small number of participants (n=11), as well as the lack
of uniformity in the stroboscopic training procedure. In
this case, participants were free to use the stroboscopic
eyewear as they wished, provided they wore the eyewear
for at least 10 min each day. Furthermore, stroboscopic
vision may enhance training effects in football-specific
skills, especially among highly skilled players, as no sig-
nificant improvements were observed among less-skilled
players [32]. However, due to the limited number of stud-
ies confirming the effectiveness of stroboscopic training
on athletes’ on-field specific skills, it is crucial to conduct
further research in this area to explore its potential appli-
cations in broader sports training contexts.

The current study aims to investigate the impact of a
six-week stroboscopic intervention on visuomotor reac-
tion speed in specific agility field tasks in young volleyball
players. Our objective is to investigate the assessment of
changes in visuomotor reaction speed, specifically mea-
sured using the REAC-INDEX, following a stroboscopic
training program. Additionaly, the present study aims
to explore the potential relationship between alterations
in oculomotor function, specifically measured saccade
dynamics, and changes in post-training REAC-INDEX
results. Saccadic eye movements are key in directing high
acuity foveal vision to significant regions of visual space
and are the primary means of conducting visual searches.
They facilitate rapid shifts of fixation from one target to
another, directing gaze toward objects of interest and
aiding in the swift acquisition of visual information [33].
This process, in which saccade dynamics plays an inte-
gral role, is crucial for efficient visual scanning and quick
attentional shifts in response to visual stimuli. Such capa-
bilities are vital in various real-world scenarios, including
fast-paced sports like volleyball, where adapting quickly
to changing visual objects and effectively searching the
visual field are essential for performance [34]. In our
research, the saccade acceleration parameter was ana-
lyzed to describe saccade dynamics. Building upon previ-
ous findings [26-28], we hypothesized that training with
the use of stroboscopic eyewear would be more effective
in improving visuomotor reaction speed in on-field task
in relation to the same training without stroboscopic
eyewear.

(2024) 16:59
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Methods

The research methodology was largely based on a previ-
ous study conducted by the authors [35]. In that study, we
provided an extensive description of the studied groups,
measurement methods, and procedural details. Here, we
present a concise summary of those components.

Participants

The study involved 50 volleyball players, including 26
males and 24 females, with an average age of 16.5 years
old (0.6 years standard deviation). The participants
were randomly assigned to either a stroboscopic or non-
stroboscopic group, with an almost equal number of
males (n=13) and females (n=12) ensured in each group.
The stroboscopic group participants had average heights
of 180.2 cm (£8.2 cm) and weights of 74.3 kg (£10.4 kg).
The non-stroboscopic group showed similar physical
stats, with an average height of 181.9 cm (+8.1 cm) and
weight of 71.6 kg (8.9 kg). Both groups had compara-
ble experience in volleyball training, with an average of
6.7 years (£1.1) for the stroboscopic group and 6.6 years
(£1.3) for the non-stroboscopic group. All participants
trained in volleyball on a regular basis, at least 5 days a
week, and participated in official volleyball federation
competitions during the season.

Agility performance (field-test)

Performance in CODS and RA was measured using a
five-time shuttle run to gates, employing the Fusion Sport
Smart Speed System (Fusion Sport, Coopers Plains, QLD,
Australia). The layout of this test was designed based on
methodologies detailed in prior studies [35, 36].

In the first scenario (CODS performance), the test
was preplanned, and the participant ran to the gates in
a specific order (1-5-2-4-3). In the second scenario (RA
performance), the participant ran to randomly selected
gates, and the order varied for each participant. Both
the COD:s test and the RA test were repeated twice, and
the best result from each trial was used for analysis. The
order of performing the RA and CODS tests was ran-
domized for all participants. Figure 1 provides a visual
representation of the schematic for the agility tests.

To determine the visuomotor reaction speed in field
test, the REAC-INDEX was calculated. The REAC-
INDEX represents the time difference between the
RA test result and the CODS test result, as previously
described [23]. The REAC-INDEX was calculated using
the following formula: REAC-INDEX [s]=RA [s] - CODS
[s].

Saccade dynamics (lab-test)

Saccade dynamics were evaluated during a visual search
task performed in a free-viewing paradigm. The task
involved identifying a red letter ‘E’ from a field of 47
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Fig. 1 A schematic of the agility tests. The system includes an RFID reader for athlete tag recognition, electronic gates equipped with a photocell (C), an
infrared transmitter and light reflector (R), and a smart jump mat (MAT) integrated with a photocell. The software records movement times during the
runs. Participants perform five runs to designated gates, each time starting and returning to the smart jump mat, following a preplanned route for the

CODS with gate order 1-5-2-4-3 and a random sequence for the RA

distractors displayed on a screen. Saccadic eye move-
ments were recorded and analyzed, as described pre-
viously [37]. The saccade dynamics were evaluated by
calculating the average saccade acceleration (deg/s?). Bin-
ocular gaze data were collected at a rate of 60 Hz (SMI
ETG 2w, Germany) using a portable eye-tracking system.
A standard three-point calibration procedure was con-
ducted binocularly.

Procedure

The study involved a six-week training period, with train-
ing sessions conducted three times per week. Both the
stroboscopic and non-stroboscopic groups performed
identical sport-specific exercises. However, they expe-
rienced different visual conditions. The experimental
(stroboscopic) group wore stroboscopic glasses during
the exercises, while the control (non-stroboscopic) group
completed the same exercises without wearing any
glasses. Three volleyball-specific training protocols with
ball exercises were conducted. Protocol 1, “wall pass-
ing drills,” included tasks involving reaction time exer-
cises such as visual search. Protocol 2, “partner passing

drills,” featured tasks in a frontal position, incorporating
reaction time exercises with external light stimuli, ten-
nis balls, and time pressure. Protocol 3, “passing rotation
drill,” involved two passing forms (overhead and forearm
passes) with directional changes under forced time pres-
sure. The protocols had durations of 25 and 30 min, with
2.5-minute intervals and 2.5-minute breaks. The stro-
boscopic group used stroboscopic eyewear (Senaptec
Strobe, Beaverton, USA) during the exercises. The glasses
were modulated for frequency (Hz) and duty cycle (%) to
prevent adaptation effects. Task difficulty increased grad-
ually over six weeks (week 1: 15 Hz, 50%; week 2: 13 Hz,
50%; week 3: 11 Hz, 50%; week 4: 10 Hz, 50%; week
5: 9 Hz, 60%; week 6: 9 Hz, 70%). Further details of the
research procedure were described in our previous study
[35].

Pre- and post-tests were conducted, which included
a laboratory test for saccadic acceleration, field tests
for agility performance (CODS, RA), and calculation of
the REAC-INDEX as a measure of visuomotor reaction
speed. Figure 2 provides an overview of the experimental
protocol.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.
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Post-test (lab-test)

SACCADE ACCELERATION

SACCADE ACCELERATION

I Intervention (n=25)

6-week training

Pre-test (field-test)

wall passing

Post-test (field-test)

partner passing

passing rotation

CODs RA

CODs RA

I Control (n=25)

4

REAC-INDEX

g

REAC-INDEX

Fig. 2 Overview of the experimental protocol for the study. After undergoing a pre-test, athletes were randomly assigned to either the intervention
(stroboscopic) group (n=25) or the control (non- stroboscopic) group (n=25) within their respective gender groups
Note: CODS- change-of-direction speed, RA- reactive agility, REAC-INDEX- visuomotor reaction speed

Statistical methods

Descriptive statistics were used to present means and
standard deviations. Normality of data was tested using
the Shapiro-Wilk test, and homogeneity of variances
was verified using the Levene test (p>0.05). To investi-
gate the impact of stroboscopic training on sport-specific
visuomotor performance, ANOVAs were conducted with
the between-subjects factor GROUP and the within-
subjects factor TIME for CODS, RA, REAC-INDEX,
and saccade acceleration. Additional analyses of cova-
riance (ANCOVA) were performed for CODS, RA,
REAC-INDEX, and saccade acceleration. Post-training
performance was used as the dependent variable, while
group, gender, and pre-training performance were con-
sidered as categorical factors and covariate, respectively.
The Holm-Bonferroni procedure was applied for post-
hoc comparisons, with a significance level set at p<0.05.
Effect sizes were reported using Cohen’s d for t-tests
and partial eta squared (np?) for F-tests. Cohen’s criteria
were used to interpret effect sizes, with values of 0.2, 0.5,
and 0.8 representing small, medium, and large effects,
respectively, for Cohen’s d. For partial eta squared, values
of 0.01, 0.06, and 0.14 represented small, medium, and
large effects, respectively. Pearson product-moment cor-
relation analysis was used to determine the relationship
between training-induced changes in saccade dynamics

and visuomotor adaptation. All statistical analyses were
performed using JASP software (version 16.1).

Results

The ANOVA results examining agility parameters
revealed that there was no statistically significant main
effect of TIME on CODS performance (F,, = 2.07,
p=0.156, np*>=0.04). However, notable main effects
were observed for RA results (F, 3 = 12.64, p<0.001,
np>=0.21) and REAC-INDEX (F,, = 4.26, p=0.044,
np>=0.08). Regarding the main effects of GROUP, only
RA results reached the significance level (F; 44 = 4.34,
p=0.043, np>=0.08). Additionally, significant GROUP x
TIME interactions were observed specifically for REAC-
INDEX (F, 4 = 6.87, p=0.012, np*>=0.13).

ANCOVA analyses revealed significant GROUP differ-
ences, as reflected by improved post-training RA results
(Fy 45 =5.82, p=0.020, np®=0.12) as well as REAC-INDEX
(F145 = 9.35, p=0.004, np>=0.17) in the stroboscopic
group. When considering the pre-training performance
in terms of CODS, RA, and REAC-INDEX as a covariate,
there were no statistically significant differences observed
between genders. Gender was not a factor that interacted
with the effects of GROUP. The ANOVA and ANCOVA
results are presented in Fig. 3.

The results from the visual search lab-test, designed
to initiate saccadic movements, indicate no significant
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changes (p<0.05) before and after the intervention
across the studied groups. The mean reaction times for
trials where the target was present (the red letter ‘E’) in
the saccadic group were 5.18010.683s and 4.795+0.924s
for pre- and post-tests, respectively. In contrast, for the
non-stroboscopic group, these times were 5.068+0.978s
before the intervention and 4.999+0.706s afterwards.
For trials where the target was absent, the mean reaction
times in the saccadic group were 7.4231+0.689s before
the intervention and 7.147+0.772s after it. Meanwhile,
in the non-stroboscopic group, the reaction times were
7.296+0.827 before the intervention and 7.1631+0.831s
afterwards.
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Regarding saccade dynamics, the ANOVA for average
saccade acceleration did not show a significant GROUP
x TIME interaction (F,, = 2.30, p=0.136, np2=0.05).
Furthermore, the ANCOVA analysis did not reveal a
significant GROUP difference between the stroboscopic
and non-stroboscopic groups in post-training saccade
acceleration (F,; = 0.68, p=0.415, np”>=0.02). Pear-
son product-moment correlation analyses indicated
a negative relationship (r = -0.281, p=0.048) between
training-induced changes in saccade acceleration and
REAC-INDEX (Fig. 4).

@ o
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r=-0.281, p = 0.048

| l !
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| | ! |
0 1 2 3

REAC-INDEX change [s]

Fig. 4 Correlation between changes in saccade acceleration and changes in REAC-INDEX during the training period (n=>50)
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Discussion

This study aimed to examine the impact of a six-week
stroboscopic intervention on the visuomotor perfor-
mance of young volleyball players during agility tasks.
The results of this study provide compelling evidence
supporting the effectiveness of stroboscopic training in
improving visuomotor reaction speed, as indicated by the
REAC-INDEX score. Furthermore, while the differences
between groups did not reach statistical significance,
there was a correlation observed between the improve-
ments in visuomotor reaction speed performance and
saccade acceleration. These findings suggest a notable
influence of saccade dynamics on reactive goal-directed
movements.

The enhanced visuomotor performance in the strobo-
scopic group supports previous research. For instance,
a study on elite youth badminton players examined the
effects of stroboscopic training in both lab and field set-
tings [26]. However, when it came to specific field tasks
like badminton’s smash-defense, the differences com-
pared to the control group were not statistically signifi-
cant, indicating mixed effects. In the present study, initial
observations revealed significant variability in the REAC-
INDEX following the intervention. Subsequent analysis
using ANCOVA confirmed a significant group effect on
the RA and REAC-INDEX as well. Employing ANCOVA,
which is known for its superior statistical power com-
pared to ANOVA [38], further strengthens the evidence
supporting the effectiveness of stroboscopic training for
volleyball players, especially in terms of reducing the RA
and REAC-INDEX times.

Our study has significant practical implications, partic-
ularly in the context of team sports where reactive goal-
directed movements, such as agility, play a crucial role
in performance [21]. Traditionally, agility training has
focused improving running speed, running technique,
balance, and lower limb strength and power [18, 39-41].
However, our study reveals that the improvements in
RA during the stroboscopic intervention were not solely
a result of changes in running speed, as evidenced by
the lack of significant differences in CODS between the
experimental or control group. Considering the positive
impact of stroboscopic training on RA performance, par-
ticularly in the aspect of visuomotor reaction speed, it
seems that the benefits of this type of training may also
extend to injury prevention. High-intensity agility move-
ments, such as rapid changes of direction and decelera-
tion, are known to be associated with non-contact lower
limb injuries [42]. While this aspect was not explored in
our article, this observation points to a promising path
for future research into how stroboscopic training could
potentially help reduce the risk of sports-related injuries.
Previous research has indicated that decreased reaction
time is moderately correlated with reduced sagittal plane

(2024) 16:59

Page 8 of 10

knee motion and increased frontal plane knee loading
among collegiate athletes with a history of sports-related
concussion [11], which justifies exploring injury preven-
tion through the application of stroboscopic training in
the future.

Our findings revealed a direct correlation between
changes in saccade dynamics and visuomotor reaction
speed performance, as measured by the REAC-INDEX.
In the analyzed relationship for the entire study sample,
we observed that greater improvements in REAC-INDEX
were accompanied by an increase in saccade accelera-
tion. This suggests that the acceleration of saccades may
potentially underlie the observed enhancements in visuo-
motor reaction speed performance during RA. Wilkins
and Gray [43] explored ball-catching skill development
over six weeks with stroboscopic intervention. Their
study found no significant differences in catching skills
or in a suite of visual tests, including visual and motion
perception assessments. However, a notable correlation
emerged between improved ball-catching performance
and visual test scores. These observations may suggest
that the influence of visual and oculomotor functions
observed in our studies on task performance relates to
their complexity. In simple motor tasks, intermittent
visual input might suffice, augmented by feedback from
other modalities like vestibular responses [44]. But in
dynamic, complex movements, such as in RA tasks, ocu-
lomotor and visual functions become more crucial.

Furthermore, the utilization of stroboscopic train-
ing holds the potential to enhance visuomotor reaction
function by triggering functional neural plasticity in the
visual motion system [28], including saccade accelera-
tion as a coordinated process involving the cerebral cor-
tex, particularly the frontal eye fields, and the superior
colliculus [45]. This aspect is particularly significant for
volleyball training, as previous research in this sport has
highlighted the importance of various oculomotor func-
tions that significantly impact skilled player performance.
Specifically, experienced volleyball players have demon-
strated superior eye movement dynamics compared to
non-athletes or beginners [5, 34].

The present study provides new insights into the rela-
tionship between stroboscopic training and visuomotor
processes among young volleyball players. However, it is
important to acknowledge the limitations of this study.
Firstly, the assessment of saccade dynamics in the study
was conducted using a laboratory-based test, which
may have influenced the observed correlation between
changes in visuomotor reaction during reactive agility
and saccade acceleration. To validate this relationship,
future research should concentrate on directly evaluat-
ing saccade dynamics during the execution of reactive
agility tasks in real-life settings. Secondly, the inclusion
of a retention test in this study was lacking, which leaves
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uncertainties regarding the sustained improvement of
visuomotor performance and saccadic acceleration over
the long term after the cessation of stroboscopic training.
Thirdly, as we have not evaluated any specific far-trans-
fer tasks, we are unable to confirm further advantages of
stroboscopic intervention, such as improved game per-
formance. Additionally, in future research, it would be
valuable to consider the position on the court as a differ-
entiating variable in visuomotor processing during reac-
tive goal-directed movements.

Conclusion

This study provides important insights into the train-
ability of sport-specific visuomotor processing using
stroboscopic eyewear among young volleyball play-
ers. The use of stroboscopic training has been found to
enhance visuomotor reaction speed in on-field specific
skills. Furthermore, visuomotor performance gains could
potentially be mediated by saccadic adaptations. Stro-
boscopic training shows promise as an effective method
for enhancing visuomotor processing and its relevance in
sport-specific training scenarios. By specifically target-
ing visuomotor reaction speed, coaches and athletes can
incorporate stroboscopic training as a valuable addition
to their training regimens, aiming to improve reactive
agility and ultimately enhance on-field performance.
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Abstract: Background: Although stroboscopic effects are recognized as an effective tool for
enhancing information processing in general perceptual-cognitive tasks, research on their transfer
to sport-specific skills is limited. This study aims to evaluate the impact of a 6-week stroboscopic
intervention on volleyball-specific blocking reaction speed. Additionally, it analyzes the variation in
explosive leg strength as a potential factor influencing the effectiveness of volleyball blocking.
Material and Methods: This study included 50 young volleyball players (26 males, 24 females),
divided into an experimental and a control group. Both groups performed the same volleyball-
specific tasks, but the experimental group did so under stroboscopic conditions. Participants were
evaluated three times using a volleyball-specific blocking reaction task: pre-training, post-6-week
training, and four weeks later. Additionally, a countermovement jump with arm swing (CMJA) test
assessed its impact on blocking reaction speed. Results: The ANOVA conducted on the blocking
reaction speed test revealed a significant effect of time (p<0.001, np2?= 0.17). In the stroboscopic
group, significant differences were found between pre-test and post-test (p=0.031, d=0.54) and
between post-test and retention test (p=0.017, d=0.58). The ANCOVA analysis revealed that
variations in CMJA did not significantly affect the improvements in blocking reaction speed
(p=0.426, np?=0.01). Conclusion: Over six weeks, stroboscopic training was more effective than
regular training in improving volleyball-specific blocking reaction speed, though these effects were
short-term and ultimately showed no lasting differences between the groups. Furthermore, the
enhancements in reaction speed were more likely due to adaptations in perceptual-cognitive
performance rather than motor factors.
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INTRODUCTION

The speed of visuomotor reactions is commonly regarded as an essential aspect of
goal-directed movements in team sports, especially those requiring agility maneuvers.
Volleyball is a multifaceted sport that relies on a combination of technical, tactical, and
physical skills. It involves various dynamic movements, including vertical jumps, shots,
and quick changes of direction [1]. In volleyball, the effectiveness of movement in blocking
is a crucial element of special agility, requiring quick, goal-directed movements in
response to the opponent's actions in attack to prevent the opponent from scoring points.
Effective volleyball blocking movement demands not only the synchronization of team
actions and the recall of strategic patterns, but also a combination of anticipation and
decision-making skills [2-5]. Additionally, it requires precise coordination of movements,
optimal body positioning, and a thorough understanding of the biomechanical elements
involved in the action [6].

In the dynamic and fast-paced environment of volleyball, players are required to
quickly process a large amount of information to make accurate motor actions.
Specifically, in blocking scenarios, players must swiftly assess the trajectory and timing of
the incoming attack, and adjust their blocking strategy in real-time based on these
dynamic factors. This need for quick assessment and adaptation places an emphasis on
perceptual-cognitive skills, adding another layer to the comprehensive skill set required
for effective blocking in volleyball. Perceptual-cognitive skills are crutial for achieving
proficiency in this context, particularly under the pressure of time constraints [4, 7]. These
volleyball-specific skills and perceptual-cognitive functions not only differentiate players
at different competitive levels [8] and positions on the court [9], but also vary across age
groups [4] and genders [10]. This variation underscores the importance of understanding
how perceptual-cognitive training can be adapted and applied effectively in diverse
contexts.

Accordingly, in recent years, there has been extensive investigation into the impact
of perceptual-cognitive training on volleyball skills using a variety of different approaches.
For instance, the study conducted by Fleddermann et al. [11] focused on evaluating the
impact of an eight-week, off-court, visually oriented perceptual-cognitive training
program, which utilized a three-dimensional multiple-object tracking task, in elite
volleyball players. Their research confirmed positive outcomes in task-specific
assessments and two near-transfer tests directly related to the perceptual-cognitive
intervention. However, it did not find significant improvements in far-transfer tests,
particularly in the volleyball-specific blocking test. In turn, Fortes et al. [12] demonstrated
an improvement in the passing decision-making performance of young volleyball athletes
through an eight-week imagery training protocol. The experimental group engaged in
training that involved observing images and videos of successful competitive volleyball
actions, aimed at enhancing imaginative capacity. The assessment of passing decision-
making was conducted using a simulation that replicated the conditions of an official
volleyball game. In their 6-week study, Formenti et al. [13], evaluated the impact of sport
vision training (with generic or volleyball-specific motor actions) in a non-sport-specific
context, comparing it to traditional volleyball training in a sport-specific context among
female volleyball players. The study found that traditional training improved the accuracy
of volleyball-specific skills (accuracy of passing, setting, and serving skills) more than
vision training, but the vision training groups showed greater improvement in cognitive
performance (clinical reaction time, executive control, and perceptual speed). These
results indicate that the training environment is crucial for enhancing sport-specific skills
and cognitive performance, supporting an ecological approach to sports training.

One of the emerging trends in perceptual-cognitive training within sports
scenarios involves integrating stroboscopic stimulation into on-field tasks. Stroboscopic
training is a technique that intensifies the requirements on the visuomotor system by
providing intermittent visual input during motor activities, leading to improved
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performance in standard visual situations [14]. Our recent study [15] demonstrated the
positive impact of stroboscopic training, especially in terms of improvements in
laboratory tasks measuring simple motor reaction time, complex reaction speed, and
saccade velocity. In addition, we noted significant gains in reactive agility during field tests
post-intervention in the stroboscopic group. However, the final training effects did not
show a significant difference between the stroboscopic and control groups. While both
groups exhibited improvements in reactive agility, the results clearly highlighted the
beneficial effects of stroboscopic training on this skill. It is important to acknowledge that
reactive agility is closely linked to motor and biomechanical factors, including running
speed, technique, balance, and the strength and muscle power of the lower limbs [16-20].
Consequently, this study aimed to assess the efficacy of stroboscopic intervention in
specific agility tasks. This included evaluating reaction speed in a volleyball-specific
blocking task, while controlling for the motor factor, specifically the variation in explosive
leg strength.

Current research into the effects of stroboscopic training on athletes' sport-specific
skills, also known as far transfer, remains limited and has yielded mixed results. For
example, an experimental study in badminton found that stroboscopic training appeared
to enhance on-field performance [21], though these improvements weren't statistically
significant when compared to a control group. In contrast, ice hockey research involving
on-ice tests such as shooting accuracy, reaction time, and puck handling demonstrated
that participants who underwent stroboscopic training improved their on-ice skills by an
average of 18%, a significant contrast to the non-improving control group [22]. Despite
this, the comprehensive effectiveness of far transfer through various perceptual and
cognitive training methods, including stroboscopic training, remains underexplored [11,
23-26].

Therefore, this study aims to assess the impact of a 6-week stroboscopic
intervention on specific volleyball skills, particularly in the speed of movement in
responding to visual cues during blocking. Additionally, to understand post-training
effects, we evaluated the variability in explosive leg strength as a potential influencing
factor on the effectiveness of volleyball blocking [27, 28].

MATERIAL AND METHODS

Participants

The study involved a group of 50 athletes, comprising 26 males and 24 females,
with an average age of 16.5 years (0.6 years standard deviation). Participants were
randomly assigned to either a stroboscopic or non-stroboscopic group, ensuring an equal
gender distribution in both groups. The stroboscopic group had an average height of 180.2
cm (* 8.2 cm) and weight of 74.3 kg (*+ 10.4 kg), while the non-stroboscopic group had an
average height of 181.9 cm (* 8.1 cm) and weight of 71.6 kg (* 8.9 kg). Both groups had
similar sports experience, averaging around 6.6-6.7 years. Inclusion criteria required
regular volleyball training and participation in official competitions. Exclusion criteria
included specific health conditions, such as epilepsy, migraine, or injuries that would
impede the completion of the designated tests. Written consent was obtained from all
participants and their guardians.

Protocol

Volleyball-specific blocking reaction task
The Fitlight® system (FITLIGHT Corp., Ontario, Canada) was used to analyze the
reaction speed in a specific blocking task in volleyball. This protocol, adapted from the one
initially outlined by Piasecki et al. [29], was first implemented in a study with a group of
young volleyball players (n=97). It demonstrated good reliability, evidenced by ICC of
0.81, CV of 2.53%, and TE of 0.89 seconds.
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Figure 1. Volleyball-specific blocking reaction test protocol. The graphic illustrations were prepared
using Easy Sports-Graphics software. Abbreviation: M - Male, F - Female.

In the study, participants assumed a ready position at the court's center, 450 cm
from the sideline, as shown in Figure 1. The initial light discs (1 and 4) were positioned 50
cm from this starting point. Discs 1, 2, 4, and 5 were set at a height of 120 cm to mimic
typical match conditions, ensuring the player's initial posture and reaction to visual
stimuli were realistic. Considering FIVB net hight regulations for youth players (243 cm
for males, 224 cm for females), the final light discs (3 and 6) were placed 6 cm above the
upper net band (249 cm for males, 230 cm for females). A total of six light discs were used,
arranged in sequence 3 for left side and 3 for right side in randomized order. The task
required participants to quickly react to a blue light signal shown either on the right side
(discs 1, 2, 3) or the left side (discs 4, 5, 6). Athletes were allowed to use any blocking
technique of their choice. Deactivating the last light disc (3 or 6) had to be done following
a jump with both hands, simulating a volleyball block. Deactivation of all light discs was
configured in a "distance deactivation mode" of 60 cm. The delay in activating the next
trial, varying from 3 to 5 seconds, occurred immediately after deactivating the last disc (3
or 6). The test began with a standard 15-minute warm-up, after which the participant
received test instructions and performed one adaptation test module. All participants
performed the test twice with a 5-minute break. The best overall time (s) taken to
complete the trial was included in further analysis.

Explosive leg strength

A countermovement jump with an arm swing (CMJA) (ICC = 0.95; CV = 4.88%; TE =
1.79 cm) was performed to assess explosive leg strength, following the protocol by
Bosquet et al. [30]. The jumps were measured using the Optojump Next system (Microgate
Next, Bolzano, Italy). Participants performed three jumps, with no specific instructions
given regarding the depth or speed of the countermovement or the arm swing. A minimum
30-second recovery period was allowed between jumps. The highest jump for CMJA was
selected for further analysis. Jump height [cm] was the primary metric analyzed.

Procedure
The study included a six-week training period with sessions conducted three times
weekly, alongside regular training. Assessments were performed pre-, post-, and at
retention stages, evaluating volleyball-specific blocking reaction speed test and
countermovement jumps with arm swing (CMJA). Both stroboscopic and non-stroboscopic
groups engaged in identical sport-specific exercises, differing only in visual conditions.
Each group followed three volleyball-specific training protocols: 'wall passing drills' (three
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Figure 2. Overview of the experimental protocol for the study. Note: CMJA - countermovement jump
with an arm swing.

tasks), 'partner passing drills' (five tasks), and 'passing rotation drill' (two forms of
passing with directional changes) [15]. All protocols included reactive exercises based on
various forms of reaction time training, lasting 25-30 minutes. The experimental group
wore stroboscopic eyewear (Senaptec Strobe, Beaverton, USA) during training, controlled
via Bluetooth and the Senaptec Strobe App. The stroboscopic sessions lasted 2.5 minutes
each, followed by a 2.5-minute break. To progressively challenge visual processing, the
flicker frequency and duty cycle were adjusted weekly: week 1 at 15 Hz, 50%; week 2 at
13 Hz, 50%; and so on, culminating in week 6 at 9 Hz, 70%. The weekly training duration
averaged 45.0 + 1.4 minutes for the stroboscopic group and 46.1 + 2.0 minutes for the
non-stroboscopic group. Figure 2 provides an overview of the experimental protocol.

Statistical analysis

Descriptive statistics were utilized to present means and standard deviations. The
normality of data was assessed using the Shapiro-Wilk test, while the homogeneity of
variances was verified using the Levene test (p > 0.05). To examine the impact of
stroboscopic training on volleyball-specific blocking reaction speed, ANOVAs were
conducted with 'GROUP' as the between-subjects factor and 'TIME' as the within-subjects
factor. Additional analyses of covariance (ANCOVA) were performed to analyze changes in
volleyball-specific blocking reaction speed, with post-training changes as the dependent
variable. In this analysis, 'group’ was treated as a categorical factor, and the explosive leg
strength (CMJA) post-training changes were considered as a covariate. The Holm-
Bonferroni procedure was applied for post-hoc comparisons, setting the significance level
at p < 0.05. Effect sizes were reported using Cohen's d [31] for t-tests and partial eta
squared (np?) for F-tests. According to Cohen's criteria, effect size values of 0.2, 0.5, and
0.8 were interpreted as small, medium, and large, respectively, for Cohen's d. For partial
eta squared, values of 0.01, 0.06, and 0.14 represented small, medium, and large effects,
respectively. Pearson product moment correlation analysis determined whether training-
induced changes in explosive leg strength were related to changes in volleyball-specific
blocking reaction speed performance. All statistical analyses were performed using JASP
software (version 16.1).
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Ethics committee
The investigations were conducted in accordance with the principles of the
Declaration of Helsinki. The study adhered to ethical standards and received approval
from the Research Ethics Committee of the University School of Physical Education in
Wroctaw, under protocol number 8/2021.

RESULTS

The descriptive statistics of the sample in pre-, post-, and retention conditions for
stroboscopic and non-stroboscopic groups are presented in Table 1.

Table 1. Descriptive statistics of the volleyball-specific blocking reaction speed and explosive leg
strength in the stroboscopic and non-stroboscopic groups in pre-tests, post-tests, and retention tests.

Pre-test Post-test Retention-test
Variable Group mean+SD mean+SD mean+SD
(min-max) (min-max) (min-max)
o . 33.96+1.82 32.84+1.48 34.03+£1.19
Volleyball-specific | stroboscopic (30.27-36.86) (29.93-35.01) (31.00-35.45)
ls’:)‘;f;”fsg]reamon hon-stroboscopic | 3+21#251 33.50+2.83 34.35:2.17
(29.28-39.13) (29.45-39.43) (29.85-38.16)
stroboscopic 38.71+10.13 39.39£11.51 38.64+11.29
Explosive leg (25.10-66.80) (21.20-65.70) (24.80-63.80)
strength [cm] non-stroboscopic 36.41+7.69 37.02+7.44 35.98+7.23
(25.90-53.40) (24.20-50.50) (25.10-49.50)
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Figure 3. Interaction plots of volleyball-specific blocking reaction speed by TIME and GROUP:
stroboscopic (black dots) vs non-stroboscopic (white dots) groups in a pre-post-retention design. Pre-,
post-, and retention test values are presented as means and 95% Cls. Significant changes (p < 0.05) are
observed for the stroboscopic group.
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The ANOVA on the volleyball-specific blocking reaction speed test revealed a
significant main effect for TIME (F2906 = 10.03, p < 0.001, np2 = 0.17) and no effect for
GROUP (Fi4s8 = 0.65, p = 0.424, np? = 0.01). Further, the interaction between TIME and
GROUP factors also had no significant effect (Fz96 = 0.39, p = 0.679, np2 = 0.01). In the
stroboscopic group, post-hoc tests showed significant differences between the pre-test
and post-test (p = 0.031, d = 0.54) as well as between the post-test and retention test (p =
0.017, d = 0.58), indicating a significantly faster volleyball-specific blocking reaction speed
dependent on the stroboscopic training (Figure 3).

The ANCOVA, regardless of the group (Fi47 = 0.36, p = 0.551, np2 = 0.01), did not
reveal the impact of post-test explosive leg strength changes on post-test volleyball-
specific blocking reaction speed changes (Fi47 = 0.64, p = 0.426, np2 = 0.01). Pearson
product moment correlation analyses revealed a lack of relationship between training-
induced changes in volleyball-specific blocking reaction speed and the explosive leg
strength changes (r = 0.188, p = 0.414).

DISCUSSION

This study evaluated the effects of stroboscopic intervention on volleyball-specific
blocking reaction speed in young volleyball players. The results indicated that
stroboscopic training was more effective than regular training, with participants in the
stroboscopic group demonstrating significant improvement in volleyball-specific blocking
reaction tasks after 6 weeks of intervention. However, it was noted that this effect was
short-term, and ultimately, no lasting difference in performance achievements between
the stroboscopic and control groups could be confirmed. Furthermore, it was determined
that volleyball-specific blocking reaction speed improvements were independent of any
changes in the athletes' explosive leg strength levels, suggesting that the observed
enhancement was not influenced by analyzed motor factor.

Our findings lend additional support to the notion that stroboscopic training can
effectively enhance visuomotor abilities in sports training [14, 32]. Specifically, the study
results corroborated our earlier observations [15] where stroboscopic intervention
improved reactive agility, with more pronounced performance gains observed in the
short-term as opposed to long-term changes. Furthermore, our findings suggest that the
enhanced performance in the stroboscopic group was not determined by motor aspects.
The results show that variability in explosive leg strength during the intervention did not
influence the variability in outcomes for volleyball-specific blocking reaction speed. This
leads to the assumption that the stroboscopic intervention positively affected the
perceptual-cognitive factor, which plays a key role in movements requiring directional
changes in response to a signal. Recent studies highlight the importance of perceptual-
cognitive expertise in the context of agility movements [10, 33]. This involves an athlete's
ability to scan and process the environment, integrating relevant information into their
actions and coordinating this with the execution of adequate motor responses

Furthermore, our research results can be related to the findings from the studies
by Hiilsdiinker et al. [34], which revealed that in young elite badminton players, the
improvements in visuomotor reaction times post-stroboscopic training were
predominantly linked to advancements in visual processing, rather than to motor process
enhancements. Other studies conducted among elite handball players [35] also indicated
that the stroboscopic training program significantly impacts early visual processing. This
is evidenced by a decrease in the P100 implicit time for both the dominant eye and
binocular vision, especially in extra-foveal vision. Contrary to this, our previous study [15]
demonstrated that stroboscopic training led to significant improvements in the majority of
measures (three out of five) related to visual and visuomotor functions in laboratory tasks,
with a more noticeable enhancement in visuomotor as opposed to sensory processing. It
seems that the impact of the intervention, which disrupted the visual process during
exercises, can affect various levels of information processing and largely depends on the
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specifics of the exercises performed. A recent study in this field by Kroll et al. [36]
showcased the efficacy of stroboscopic training in improving jumping performance,
highlighting its potential as a supplementary method to plyometric training for volleyball.
In our exercise protocols, we concentrated on reactive exercises incorporating various
forms of reaction time training. These exercises demanded enhanced alertness,
heightened attention, faster eye movements, and more rapid body movements. In our
view, the results suggest a significant utility of the training method involving stroboscopic
glasses for both near and far transfer, as evidenced in both previous [15] and current
studies.

The findings of our study indicate that stroboscopic training enhances the
effectiveness of a task that simulates volleyball blocking, thereby emphasizing the
importance of the perceptual-cognitive factor. Fleddermann and Zentgraf [37]
demonstrated that elite athletes experience disruptions between their motor skills and
cognitive functions in a dual-task scenario, as observed through a simulated blocking task
in a lab setting designed to replicate a game situation. Specifically, they observed that
athletes achieved greater jumping height in self-initiated block jumps without any
additional cognitive load, as opposed to when they were faced with a perceptual-cognitive
task (dual-task). This suggests that cognitive demands can significantly affect motor
performance, as evidenced by the decreased jumping height when athletes engaged in a
perceptual-cognitive task simultaneously. In this context, our research requires further
continuation.

Exploring the effectiveness of stroboscopic training, our study offers new insights
on its utility concerning specific volleyball skills. However, our research is not without
limitations. Since we have tested only a single specific far-transfer task, we cannot dismiss
the possibility of other benefits from stroboscopic intervention, such as improved
reactions during practice and games. Additionally, our task did not require players to
differentiate their reactions, a crucial aspect for effective blocking. Decision-making in a
sports context is a complex process. It relies on athletes' abilities to identify the correct
information in their environment, plan future actions, and choose the most suitable
response tailored to the specific play situation [38]. It should also be considered that
sports situations are highly variable, and it's difficult to precisely determine which
variables might be affected [39]. Consequently, the perceptual-cognitive factor is one of
many influencing the effectiveness of actions, in this case, the reaction speed associated
with movement in blocking. Future research should focus on examining perceptual-
cognitive strategies and evaluating an athlete's ability to effectively integrate perception
and action under dynamic and ecologically valid conditions. Finally, in our studies, we did
not analyze the influence of players' positions as a variable that could affect the study
results. From previous research, it is known that anthropometric characteristics, muscular
strength and power test scores, and perceptual-cognitive skills of players vary in relation
to their playing positions on the field [9, 40,41].

CONCLUSION

In conclusion, our study's findings reveal that a 6-week volleyball-specific training
program using stroboscopic eyewear significantly outperformed traditional training
methods. The athletes in the stroboscopic group exhibited considerable improvement in
volleyball-specific blocking reaction tasks following the intervention, which may be
associated with adaptations in the perceptual-cognitive gains of performance. However,
it's important to note that these enhancements were observed in the short term.
Therefore, the continuation of exercises that enhance visuomotor efficiency appears to be
justified in the context of training young volleyball players.
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UCHWALA KOMISJI DS. ETYKI BADAN NAUKOWYCH



8/2021
Senacka Komisja ds. Etyki Badan
Naukowych przy Akademii Wychowania
Fizycznego we Wrocltawiu

Uchwata

w sprawie opinii o projekcie eksperymentu poznawczego

Na podstawie uchwaty Senatu Akademii Wychowania Fizycznego we Wroctawiu z dnia
20.12.2002 r. w sprawie powotania Senackiej Komisji ds. Etyki Badan Naukowych i uchwaty
z dnia 4.11.2003 r. — regulamin dziatan oraz w oparciu o art.27 ustawy z dnia 6.06.1997 r.
kodeks karny (Dz.U. z 1997 r., poz.553 z pézniejszymi zmianami) i zasady zawarte
w ,,Dobrych obyczajach w nauce. Zbiér zasad i wytycznych” Komitetu Etyki w Nauce PAN
z 2001r.

Przewodniczacy Senackiej Komisji ds. Etyki Badan Naukowych przy
Akademii Wychowania Fizycznego we Wroctawiu
po zapoznaniu si¢ z opinig Czionkéw Komisji Etyki wniosku ztozonego przez Pana:

mgra Michala Zwierko

pt. ,Wplyw éwiczen reakcyjnych na poziom efektow percepcyjnych
1 motorycznych w pitce siatkowej”

podjat decyzje o pozytywnym zaopiniowaniu tego wniosku, nie wnoszac zadnych zastrzezen.

Wydana opinia dotyczy tylko rozpatrywanego wniosku z uwzglednieniem przedstawionego
projektu. Kazda zmiana i modyfikacja wymaga uzyskania odrgbnej opinii. Wnioskodawca
obowigzany jest do informowania o cigzkich lub niespodziewanych zdarzeniach,
niepozadanych i nieprzewidzianych okolicznosciach, o zakonczeniu badania, o jego wynikach
i innych istotnych decyzjach ewentualnych innych komisji etycznych (bioetycznych).

Od powyzszej uchwaty podmiot zamierzajacy przeprowadzi¢ eksperyment, kierownik
jednostki organizacyjnej, w ktérym eksperyment poznawczy ma by¢ przeprowadzony oraz
komisja etyczna (bioetyczna) wlasciwa dla osrodka, ktéry ma ewentualnie uczestniczyé
w wieloosrodkowym eksperymencie, moga wnie$¢ odwotanie do Zespotu Opiniodawczo-
Doradczego do Spraw Etyki w Nauce Ministerstwa Nauki i Informatyzacji, za posrednictwem
Senackiej Komisji ds. Etyki Badan Naukowych przy Akademii Wychowania Fizycznego we
Wroctawiu w terminie 14 dni od daty otrzymania niniejszej uchwaty.

Przewodniczacy Senackiej Komisji
ds. Etyki Badan Ifaukowych

Prof. dr hab. . Marek Medras

Wroclaw, dnia V... ..Ls.&



