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Studia Kinanthropologica 2025, XXVI, 3

Studia Kinanthropologica, védecky ¢asopis pro kinantropologii. Vydava Jihoceskd univerzita
v éeskych Budéjovicich, Pedagogicka fakulta, katedra télesné vychovy a sportu. Od roku 2019 vy-
chazi trikrat roc¢né. Prispévky jsou pfijimany priubézné. Katedra télesné vychovy a sportu zacala
vydavat odborné periodikum jiz v roce 1996, které od roku 2000 nese nazev Studia Kinanthropo-
logica a spliiuje pozadavky na recenzovany cCasopis. V roce 2010 Rada pro vyzkum, vyvoj a
inovace zaradila Studia Kinanthropologica na Seznam recenzovanych neimpaktovanych
periodik vydavanych v Ceské republice, které uvedla v oborech Narodniho referenéniho ramce
excelence (NRRE). Casopis je nadale uveden i v aktualizovaném Seznamu recenzovanych neimpak-
tovanych periodik vydavanych v CR v roce 2014. éasopis Studia Kinanthropologica je indexovan
v databézi Medvik — Bibliographia medica Cechoslovaca (BMC), Néarodni lékaiské knihovny Praha.
Dne 29. dubna 2016 byl zafazen do databaze ERIH PLUS (European Reference Index for the
Humanities and the Social Sciences).

Casopis Studia Kinanthropologica je uréen pro zvefejiiovan{ pivodnich sdéleni, které souvisi s pro-
blematikou sportovni kinantropologie. Akceptuje ptispévky, které dosud nebyly publikovany a nejsou
prijaty k publikovani v jiném ¢asopisu. V8echny texty prochézeji recenznim rizenim a jsou posuzovany
nejméné dvéma nezavislymi recenzenty. Recenzni fizeni je oboustranné anonymni (redakce si vyhra-
zuje pravo na odstranéni udaji identifikujicich autora ¢i recenzenta). Autofi jsou vzdy vyrozuméni
o vysledku recenzniho fizeni a instruovani k provedeni pripadnych zmén v predlozeném textu. Staté
mohou byt publikoviny v jazyce ¢eském, slovenském nebo anglickém. Autor je zodpovédny za odbor-
nou, jazykovou a formalni spravnost piispévku. O zvefejnéni prispévku rozhoduje redakéni rada se
zietelem na védecky vyznam a oponentské posudky. Za obsahovou a jazykovou spravnost odpovida
autor, autori jednotlivych piispévkii.

Zaméreni Casopisu:

Sportovni trénink Humanitni védy ve sportu
Aplikované pohybové aktivity | Fyzioterapie

Biomechanika Behavioralni aspekty sportu
Zdravotni aspekty TVS Dychani ve sportu
Pedagogika TVS Psychologie TVS

Studia Kinanthropologica is scientific journal for kinathropology. Since 2019 the journal
is published in three issues per year. The contributions are accepted continuously throughout
the year. In 2010 the Government Council for Research and Development classified journal Studia
Kinanthropologica as a "Reviewed Journal". It is also on the updated list from 2014. Studia Ki-
nanthropologica journal is indexed in the database Medvik — Bibliographia Medica Cechoslovaca of
National Medical library Prague, Czech Republic. Since April 2016 is this journal indexed in
ERIH PLUS database.

Scientific Journal for Kinanthropology is mainly a place for publishing reports of empirical stu-
dies, review articles, or theoretical articles. Articles are published in Czech, Slovak, and/or English
language. The author (senior author) is responsible for special and formal part of the article. All texts
are subject to review process and assessed by at least two expert referees. The review procedure is
authorless. Board of editors decide about article 's publishing having regard to scientific importance
and review process. For content and linguistic correctness is responsible author, authors of individual
contributions.

Aims and Scope:

Sports training Humanities in Sport
Applied physical activities Physiotherapy
Biomechanics Behavioural aspects of sport
Health aspects of physical education and sport | Breathing in Sport

Sport pedagogy Sport psychology
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ANALYZA HERNICH CHARAKTERISTIK A TEMPA HRY U MUZU
A ZEN V UVODNICH A ZAVERECNYCH KOLECH NA TENISOVEM
US OPEN

ANALYSIS OF MATCH CHARACTERISTICKS AND RALLY PACE IN
MALE AND FEMALE PLAYERS DURING EARLY AND LATE STAGES
OF US OPEN TENNIS TOURNAMENT

J. Carboch, T. Polivka, & V. Redlichova

Univerzita Karlova, Fakulta télesné vychovy a sportu, Katedra sportovnich her

Abstract

The character of play and match performance varies depending on playing style and opponent
quality. To win a Grand Slam, a player must win seven matches in a row, and in the later rounds,
players more often face opponents who are more equal and of higher quality. The aim of this study
is to compare the rally pace between men and women in the early and late rounds of the US Open.
Furthermore, we compare additional match characteristics (i.e., rally time, number of rally shots,
time between points, and the work-to-rest ratio) between these tournament phases. In each category,
selected factors from eight early-round matches and seven late-round matches were analyzed with the
help of independent t-tests and Cohen d. The results did not show statistically significant differences
between the observed variables. The rally pace in the late rounds for women (1,25 + 0,04 s) was
identical to that in the early rounds, while for men a slight slowdown occurred from the early rounds
(1,18 + 0,06 s) to the late rounds (1,21 + 0,03 s). In the late rounds, men played rallies with more shots
on average 5,12 + 1,03 (d= 0,82) compared to the early rounds (4,39 + 0,72). For women, the results
for this variable remained comparable. However, the relative frequency distribution of shots within
rallies differed slightly between tournament phases for both sexes. These findings highlight differences
and match-play dynamics between the early and late rounds of the tournament, which may be useful
for designing specific training for the players.

Keywords: tennis; notational analysis; match performance; load; intensity

Souhrn

Charakter hry a herni vykon se lisi v zévislosti na hernim stylu a kvalité soupefe. Aby hra¢ vyhral
grand-slam, musi vyhrat sedm utkani v daném turnaji. Navic v zavére¢nych kolech se Castéji stieté-
vaji vyrovnanéjsi a kvalitnéjsi soupefi. Cilem je porovnat tempo hry u muzu a Zen v tvodnich kolech
a zaveérefnych kolech na turnaji US Open. Déle porovname dalsi charakteristiky utkani, (tj. doba
rozehry, pocet tderd v rozehie, ¢as mezi rozehrami a pomér zatiZzeni/odpocinku) mezi fazemi tohoto
turnaje. V kazdé kategorii byly sledovany vybrané ¢asti z 8 utkani tvodnich kol a 7 utkani zavére¢nych
kol a byly analyzovany pomoci neparovych t-testi a Cohenova d. Vysledky neukézaly statisticky vy-
znamné rozdily mezi sledovanymi proménnymi. Tempo hry v zavérecénych kolech u zen (1,25 4+ 0,04 s)
bylo totozné s tempem hry v tvodnich kolech, zatimco u muzi doslo k drobnému zpomalen{ z ivodnich
kol (1,18 £ 0,06 s) do zavérecnych kol (1,21 4 0,03 s). V zavéreénych kolech u muzi se v priméru
odehrélo v rozehfe vice tderd v zavéreénych kolech u muzi 5,12 4+ 1,03 (d = 0,82) oproti tvodni koldm
4,39 £ 0,72. U zen zustaly vysledky srovnatelné u této proménné. Kazdopadné relativni cetnost udert
v rozehfe s mirné liSila mezi fazemi turnaje u obou pohlavi, pfedevsim u druhého a tfetiho uderu.
Tyto zjisténi ukazuji rozdil a dynamiku hry v dvodnich a zévére¢nych kolech turnaje, které mohou
byt vyuzity pro specificky trénink hraci.

Klicova slova: tenis; notacni analyza; herni vykon; zatiZenf; intenzita
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Uvod

Indikatory herniho vykonu poskytuji informace o charakteru hry v tenise a mohou byt ndpomocny
trenértm a hra¢im pro sestavovani tréninku (Bedford et al., 2010; Janak & Zhanél, 2019; Rosker
et al., 2021). Hra¢i maji omezeny ¢as na odehrani mice letictho od soupefe, ktery se snazi zahrat
vitézny tder nebo ztizit soupefi odehrani mic¢e a donutit ho k chybé. Pro tenis je charakteristické
intermitentni zatizeni, kde se st¥idaji useky s vysokou intenzitou pohybiui a odpoc¢inku a pohyb v tenise
je charakteristicky acyklickymi a cyklickymi pohyby (Crespo & Miley, 2002; Fernandez, Mendez-
Villanueva & Pluim, 2006).

V tenisu maji rizné povrchy vliv na strategii a taktiku hra¢a (Melonio et al., 2021). Podle Galé-
Ansodi et al. (2016) tenisté hrajici na tvrdém povrchu vyviji vétsi pocet a vy$si intenzitu akeelera¢nich
a decelera¢nich pohybi i vysokych rychlosti nez na antuce. Pluim et al. (2023) uvadi, Ze na muzském
okruhu ATP se prumérné délka vymeény pohybuje mezi 4 a 10 sekundami, pfi¢emz nejkratsi vymény
se vyskytuji na travnatych dvorcich (4-5 s), zatimco nejdelsi na antuce (6-9 s). Na tvrdém povrchu
byla délka vymeény zaznamenéna v rozmezi 57 sekund. Fernandez et al. (2006) uvadi, Zze vétsinu mi¢u
(80 %) hrac¢ odehraje ve vzdalenosti do 2,5 metru od své pozice. Muzi oproti Zenam ub&hnou (pokryji)
v zépase v&tsi vzdalenost a vyvinou vétsi rychlost pii pohybu po dvorci (Reid, Morgan & Whiteside,
2016). Na ¢isty cas hrani pfipada 20-30 % z celkového ¢asu utkani na antukovych dvorcich a 10-15 %
na dvorcich s rychlym povrchem (Kovacs, 2006). Proto dle typu povrchu dochazi ke stiidani zatizeni
a odpo¢inku v poméru 1:2 az 1:5 (Pluim et al. 2023; Reid & Dufhield, 2014).

Intenzita a charakter zatiZeni se v pribéhu utkani i celého turnaje miize ménit a je zavisla na
dilezitosti utkani, rozdilnosti souperi, klimatickych podminkach, tnavé hrace, povrchu dvorce a za-
pojovani hrace do urc¢itych hernich situaci (Martin, Bideau, Delamarche & Kulpa, 2016; Murray, Cook,
Werner, Schlegel & Hawkins, 2001; Périard et al., 2013). Povrch dvorce méa vliv pfedevsim na pohyb
hrace (Galé-Ansodi, Castellano & Usabiaga., 2016) nebo rychlost a vysku odskoku mi¢e (Dunlop,
2000; Kleinoéder, 2011). Mezinarodni tenisova federace méii rychlost dvorce a tvrdy povrch Laykold
na US Open patii mezi st¥edné rychlé povrchy (ITF, 2025).

Utkani tenisu nejsou ¢asové omezena a mohou trvat i nékolik hodin. Svalova tnava z dlouhotrva-
jicich zapast miZze ovlivnit vykon tenisty, a rovnéz zvysit riziko zranéni (Martin et al., 2016). Navic
bé&hem zapast nékolik dni po sobé miize dojit ke snizeni rychlosti pohybu po dvorci a ke snizeni vykonu
ve vybusnych ¢innostech jakou jsou sprinty ¢i vyskoky (Gescheit, Cormack, Reid & Duffield, 2015) a
ani jeden den po utkani nemusi stacit k aplné regeneraci tenisty (Ojala, & Hikkinen, 2013). Hrac, aby
vyhral grandslamovy turnaj musi vyhrat 7 utkani po sobé&. Hlavni soutéz grand-slamovych turnaja
trva zpravidla 2 tydny a hrac¢i maji mezi utkdnimi odpocinek az 48 h.

Béhem tenisovych utkani jsou v profesionalnim tenise ¢asto vidény rychlé udery v rozehrach a dveé
tietiny rozeher je ukoneno do ¢tvrtého tideru (Schénborn, 2012). AvSak v rozehie je dulezité i to jak
rychle a kam zahraje hra¢ mi¢. Snahou byva zahrat bud vitézny tder, nebo donutit soupete k chybé.
Proto hraci ¢asto hraji rychlé mice, aby poskytli soupefi co nejméné ¢asu. Z toho divodu nés zajima
predevsim tempo hry, tzn., jak dlouho leti mi¢ od hrace k jeho soupefi, jinymi slovy, kolik ma hrac
v prumeéru ¢asu na odehrani mice zasazeného souperem. S tim souvisi i pocet uderi a ¢as rozehry, od
kterych se miize odvijet pauza mezi rozehrami. Po dlouhé rozehie muze hrac¢ chtit delsi pauzu, aby si
odpocinul na dalsi rozehru, nebo aby mohl hrat opét ve stejné rychlém tempu hry (napf. hrat mice
hned po dopadu na zem, coz muze byt velmi naro¢né na pohyb hrice po dvorci a hra¢ tim muze dat
méné Casu soupefi pro nasledujici uder).

Predeslé studie ukazaly, Zze tempo hry u Zen na Australian Open 2017 bylo v zéavérec¢nych ko-
lech turnaje (od ¢tvrtfindle) vyznamné rychlejsi oproti tempu hry v uvodnich kolech (Carboch &
Placha, 2018). Stejni autofi uvedli, Ze v zavéreénych kolech se odehraje méné uderi v rozehie. Po
konci bodu dovoluji pravidla maximélné 25 s mezi jednotlivymi rozehrami (ITF, 2024). Koblinger,
Grossmann & Lames (2019), ktefi uvedli primérny ¢as mezi body 22 s, coZ je o 11 s méné nez zjistény
v minulosti v semifinalovych a findlovém utkani na French Open 2009 (Weber et al., 2012), coz ukazuje
na vySssi intenzitu zatiZzeni v soucasnoti.

Do zavérecnych fazi turnaje se dostanou jen ti nejlepsi hraci a je otazkou, zda tito lepsi hraci
hraji v rychlejsim tempu hry a jak se 1isi dalsi zminéné charakteristiky hry jako je délka rozehry,
prumérny pocet tidert v rozehte, pauza mezi rozehrami a pomér mezi zatizenim a pauzou. Piedesly
vyzkum naznacuje, zZe u muzi se dosahuje rychlejsiho tempa hry v zavéreé¢nych kolech na Wimbledonu
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a Australian Open, zatimco na French Open bylo tempo hry pomalejsi (Carboch & Siman, 2018;
Carboch, Blau & Sklenarik, 2019). Na US Open zatim tato problematika nebyla sledovana, tudiz nas
zajimé, jak se méni charakter hry mezi fazemi turnaje u muzi a zen na US Open. Cilem je systematicky
porovnat tempo hry a vybrané charakteristiky utkani, tj. délku rozehry, pocet tidert v rozehte, Cas
mezi rozehrami a pomér zatizeni a odpoc¢inku, u muzi a Zen mezi tvodnimi a zavére¢nymi koly turnaje
US Open 2024, za tucelem identifikace rozdili a trendt, které mohou ovlivnit tréninkovou piripravu

2 ¥ o

hraca.
Metody

Vygzkumnij soubor

Jednalo se o zamérny vybér vyzkumného vzorku, pri¢emz cilem bylo zachytit vyvoj hernich cha-
rakteristik v prubéhu turnaje. Do souboru byla proto zafazena utkani z avodnich kol (1. a 2. kolo),
kde nebyli hraci a hracky z ¢tvrtfindle, semifinale a findle. Celkové tak analyza zahrnovala osm utkani
z avodnich kol (¢tyfi z 1. kola a ¢tyfi z 2. kola) a sedm utkani ze zavére¢nych kol (¢ty¥i ¢tvrtfinale,
dvé semifindle a jedno findle), u muzi i u Zen. Celkovy pocet rozeher v muzskych utkanich €inil
997 odehranych ve 157 hrach a 15 sadach a u zen 858 odehranych rozeher ve 132 hrach a 15 sadéch.

V avodnich kolech odehrali muzi celkem 513 rozeher v rdamci 81 her a 8 analyzovanych sad. Pocet
hraci byl N = 16 a jejich prumérny vék ¢inil M = 26,3 + 5,7 let. Prumérné umisténi v zebricku ATP
béhem turnaje bylo M = 64,6 + 59,1. V zavére¢nych kolech ¢inil celkovy pocet rozeher 484 v 76 hrach
a 7 sadach. Pocet hraci byl N = 8 a jejich primérny vék byl M = 26,9 + 3,2 let. Primérné umisténi
v zebficku ATP béhem turnaje bylo M = 8,4 £+ 6,3. V tvodnich kolech odehrali Zeny celkem 405
rozeher v ramci 57 her a 8 analyzovanych sad. Pocet hracek byl N = 16 a jejich prumérny vek
¢inil Z = 26,8 + 3,7 let. Primérné umisténi v zebricku WTA b&hem turnaje bylo 7 = 60,1 + 40,8.
V zéavérecnych kolech ¢inil celkovy pocet rozeher 453 v 75 hrach a 7 sadach. Pocet hracek byl N = 8
a jejich primérny vék byl 7 = 26,0 £ 3.1 let. Prameérné umistén{ v zebicku WTA béhem turnaje bylo
7 — 8,4 + 5.7. Tato studie byla schvalena Etickou komisi UK FTVS.

o

Mérici procedury

Zéznamy utkani byly pofizené z televizniho vysilani. Do predem pripraveného kategorického sys-
tému se zaznamenévali sledované proménné. Prvni proménné byla doba rozehry (1). Ta byla mé¥Fena
od prvniho zasahu mice pii podani (v p¥ipadé chybného prvniho podani se ¢as méfil od zasahu mice
pii druhém podéni) do ukonéeni rozehry. Druhou sledovanou proménnou byl pocet udera v rozehie
(2). Zaznamenéaval se kazdy dotyk rakety s mic¢em. Mice, které jen Skrtly o raketu a dale pokracovaly
za hréade, se nepocitaly jako zasah mice. Treti sledovanou proménnou byl ¢as mezi rozehrami (3). Tato
doba byla méfena od ukonéeni rozehry do dotyku rakety s mi¢em pii prvnim podéni. Cas se mofil
pouze béhem hry (tj. od konce prvniho bodu dané hry do posledniho bodu v dané hie), nikoli mezi
hrami (st¥idani stran nebo pFesun mi¢d pii zméné stran podani) a neméfil se ani v tie-breaku (Casty
pfesun mici). Cas mezi rozehrami nebyl méfen v moments, kdy# doslo k neobvyklé situaci, ktera
zdrzela plynulost hry (nap¥. hra¢ si musel vyménit raketu, pii pouziti ,,jestfabitho oka®, pii oSetfovani,
pii héadce s rozhodéim nebo pii nekazni a vyrusovani divaki). Ctvrtou proménnou bylo tempo hry (4)
vypo¢itané zpisobem — ¢as rozehry /pocet uderti. Posledni sledovanou proménou byl (5) pomér hry a
pauzy béhem utkani (doba rozehry/¢as pauzy). Data nebyla zaznamenavana do souboru v pripadé:
kdyz se hra¢ dopustil dvojchyby, kdyz mi¢ spadl mimo dvorec a dopad nebyl viditelny, kdyz byla
rozehra zahajena v dobé komeréni prestavky.

Zaznam utkani byl sledovan dvakrat. P¥i prvnim pozorovani byly zaznamenavany néasledujici pro-
ménné: ¢as rozehry, pocet iderti v rozehfe. Pfi druhém pozorovani byl zaznamenavin Cas mezi ro-
zehrami. Méfeni probihalo tim zpiisobem, Ze vSechna utkani byla analyzovana jednim hodnotitelem.
Ten méril ¢as a zaznamenaval pocet udert. Po kazdé rozehie pozastavil videozéznam a zaznamenal
udaj do pripraveného archu. V nejasnych situacich se videozaznam opétovné prehral.

Vyhodnoceni dat

Vgechna utkani byla vyhodnocena jednim hodnotitelem. Jeho reliabilita uréena pomoci vnitrotiid-
niho koeficientu korelace (ICC) doséhla ve vSech sledovanych proménnych > 0,95 (délka rozehry 0,99;
¢as mezi rozehrami 0,99; pocet udert 1,00; tempa hry 0,95 a pomér zatiZeni 0,98), coz povazujeme za
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velmi spolehlivou. K vyhodnoceni dat bylo vyuzito zékladnich deskriptivnich charakteristik. Pro porov-
nani prumeéru jednotlivych proménnych v prvnich a zavéreénych kolech turnaje jsme pouzili neparovy
t-test. Vécnou vyznamnost (Cohen d) jsme vypocitali a interpretovali jako malou (d = 0,20 — 0,49),
stfedni (d = 0,50 — 0,79) a velkou (d > 0,80) (Cohen, 1988).

Vysledky

Prameérné hodnoty sledovanych proménnych béhem fazi ukazuje tabulka 1. Vysledky t-testi neuka-
zaly vyznamny rozdil u zddné sledované proménné mezi tivodnimi a zavéreénymi koly turnaje. Trend
tempa hry se ukéazal byt pomalejsi v zavéreé¢nych kolech. U poc¢tu tdert v rozehie byla ukazana i velka
vécna vyznamnost pomoci Cohen d, kdy se odehralo vice idertt béhem rozehry v zévére¢nych kolech.
U Zen nebyly nalezeny vyznamné rozdily ve sledovanych proménnych mezi tvodnimi a zavérecnymi
koly, tzn. stabilni tempo hry a srovnatelné vysledky ostatnich sledovanych proménnych (tabulka 2.)

Tabulka 1./ Table 1.
Vysledky sledovangch proménngch ve sledovanych kolech u muzi./ Observed variables of men in par-
ticular tournament rounds.

Uvodni kola/ 1st Zavéretna kola/
and 2nd round Quarterfinal-final
95% 95%
Pramér + SD/ Konfidenéni Primér + SD/  Konfidenéni
Mean + SD  interval/ 95%  Mean + SD  interval/ 95%
CI CI

5,54 + 1,12 4,60-6,48 6,4 + 1,42 509-7,71  1.29 0.22  0.67

T —test p Cohen’s d

Cas rozehry/
Rally time (s)
Pauza mezi
rozehrami/ Time
between points
(s)

Pocet uderu
v rozehie/
Number of shots
in rally

23,95 £ 2,73 21,67-26,23 24,76 £+ 2,80 22,17-27,35  0.57 0.58 0.29

4,39 £ 0,72 3,79-4,99 5,12 £ 1,03 4,17-6,07 1.56 0.15 0.82

Pomér

hra/pauza,/ 3,82 + 0,79 3,16-4,48 3,42 + 0,67 2,80-4,04  1.05 0.31 0.54

Work /rest ratio
Tempo hry/
Rally pace (s)

1,18 £ 0,06 1,13-1,23 1,21 4 0,03 1,18-1,24 123 0.24 0.63

Porovnani ukonceni rozeher mezi tvodnimi a zavéreénymi koly na US Open 2024 ukazuje obr.
1. Pfi srovnani obou fazi lze pozorovat pouze drobné zmény. Celkové rozehry byly ukonceny béhem
prvnich 4 udert v tvodnich kolech byla rozehra ukoncena v 63 % pripadi a v zavéreénych kolech v 58
%. 7 toho muZeme vyvodit fakt, Ze vétsina rozeher u muzi méla kratké trvani. U Zen je vidét nejvetsi
rozdil u ¢etnosti druhého tderu v rozehfe mezi fazemi turnaje v porovnani s muzi. Nejvétsi pocet
vymén v tavodnich kolech, konkrétné 59 %, byl ukonéen v intervalu mezi prvnim a ¢tvrtym uderem.
Naopak nejnizsi zastoupeni mély vymeény s t¥inacti a vice udery. U zavérecénych kolech to bylo do ¢yt
uderit v 58 % a nejméné s 13 a vice.
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Tabulka 2./ Table 2.
Visledky sledovangjch proménnijch ve sledovangch kolech u Zen./ Observed variables of women in par-
ticular tournament rounds.

Uvodni kola/ 1st Zaveretna kola/
and 2nd round Quarterfinal-final
95% 95%
Primér + SD/ Konfidenéni Pramér + SD/  Konfidenéni
Mean £ SD  interval/ 95%  Mean £ SD  interval/ 95%
CI CI

6,62 £+ 3,33 3,84-9,40 6,35 £ 0,98 5,44-7,26 0.22 083 0.11

T —test p Cohen’s d

Cas rozehry/
Rally time (s)
Pauza mezi
rozehrami/ Time
between points
(s)

Pocet udert
v rozehie/
Number of shots
in rally

23,72 £ 1,87 22,16-25,28 24,89 £ 2,70 22,39-27,39 096 0.36 0.51

4,96 + 2,25 3,08-6,84 4,85 + 0,67 4,23-5,47 0.13 0.90 0.07

Pomeér

hra/pauza/ 3,69 £ 1,13 2,75-4,63 3,45 £ 0,63 2,87-4,03 0.51 0.62 0.26

Work /rest ratio
Tempo hry/
Rally pace (s)

1,25 + 0,07 1,19-1,31 1,25 4 0,04 1,21-129 0.0l 0.99 0.01

Obrazek 1./ Figure 1.
Analyza cetnosti dderi v rozehie ve sledovanych kolech w muzi./ Frequency analysis of rally strokes
of men in observed tournament rounds.

MUZI/MEN
N 30%
= 5%
f 20%
W
> 15%
[ 10%
iy
= 0% I Il .. I
3 125456?89101112:;
mUvodni kola  15% 24% 16% 9% 9% 7% 3% 3% 3% 3% 1% 1% 3%
Zaveretnd kola 13% 21% 14% 10% 8% 6% 3% 4% 4% 3% 2% 2% 8%
POCET UDERU V ROZEHRE/NUMBER OF SHOTS IN RALLY

Legenda/legend. Uvodni kola (1°¢ and 2"¢ rounds), zavéreéna kola (quarterfinals-final).
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Obrazek 2./ Figure 2.
Analyza cetnosti dderi v rozehre ve sledovanygch kolech u Zen./ Frequency analysis of rally strokes of
women in observed tournament rounds.

- ZENY/WOMEN

=3 25%

T2 20%

[/ M

23 15%

D 10% |

z =

=2 5%

2z .]%I I|||I||_I
~ 12 304 s 6 7 8 9 10 1 12 132

VICE
mivednikola 9% 18% 19% 13% 11% 6% 5% 3% 4% 2% 3% 0% 8%
zavéretndkola 8% 20% 14% 13% 11% 9% 4% 5% 4% 3% 1% 0% 6%
POCET UDERU V ROZEHRE/NUMBER OF SHOTS IN RALLY

Legenda,/legend. Uvodni kola (15 and 2"¢ rounds), zavéreéna kola (quarterfinals-final).

Diskuze

Cilem bylo porovnat tempo hry a dalsi charakteristiky utkani u muzi a Zen v dvodnich a zavé-
re¢nych kolech na turnajich US Open 2024. I kdyz rozdily v tempu hry a ostatnich proménnych byly
nevyznamné u obou pohlavi, u muzi doslo ke zpomaleni tempa hry, zatimco u Zen ziistalo stejné.
U muzi se mezi tvodnimi a zavéreénymi koly tempo hry lisilo o pouhych 0,03 sekundy, coz nenazna-
¢uje nic neobvyklého nebo zasadniho, ale jisty naznak zpomaleni tam je. To si nevysvétlujeme tim, ze
by hrac¢i hrali pomaleji tdery, ale tim, Ze hrac¢i v téchto kolech v priméru odehrali o jeden tder vice.
Nejenze to ukazuje, ze hraci jsou vice vyrovnani a vrati vice udert do hry, ale tento jev zpomaleni
miize byt zptisoben i pravé tim jednim tderem navic. To se shoduje s pomalym antukovym povrchem
a pomalej$im tempem hry v zavérecnych kolech na French Open (Carboch, Blau & Sklenarik, 2019).
Oproti tomu rychlejsi povrchy na Australian Open zpisobovaly rychlejsi tempo hry v zéavére¢nych ko-
lech u muzi (Carboch & Siman, 2018; Carboch, Blau & Sklenéiik, 2019). Netvrdime, Ze toto je jediny
faktor, ktery to zpusobuje; spiSe uvadime myslenku, Ze pomalejsi povrch dvorce miize v zavérec¢nych
kolech mezi vyrovnanéjsimi soupefi zpusobovat vétsi vyrovnanost hraci, kdy se odehraje vice uderi,
coz muze celkové zpomalit tempo hry oproti rychlejsim povrchiim (trava, Plexicushion).

U Zen ziistalo tempo hry totozné v tvodnich i zavéreénych kolech, stejné tak délka rozehry i
pocet uderta. To se neshoduje s vysledky z Australian Open 2017, kde bylo v zavéreénych kolech
turnaje tempo hry vyznamné rychlejsi oproti tempu v tvodnich kolech (Carboch & Placha, 2018).
Jednim z faktort muze byt opét povrch dvorce, ktery muze ovlivnit zpiisob hry. Tyto rozdily mohou
byt disledkem vysoké proménlivosti hrac¢t a hracek postupujicich do zavérecénych kol, jejich herniho
stylu a dalsich faktorta. To potvrzuje Carboch a Placha (2018), kteff uvadéji, Ze tato zjisténi mohou
byt ovlivnéna strategii hracek, klimatickymi podminkami nebo tnavou. Pravé tnava z piedchozich
utkani muze zpusobit pomalejsi tempo hry a vice tderta ve vyméné. Takeé si tento fakt muzeme spojit
s odlinou taktikou hracek nebo vyssi kvalitou defenzivy, z niz plynou delsi vymeény.

Cetnost tderti v rozehie ukazala srovnatelné vysledky u obou pohlavi, nicméné drobné rozdily
v Cetnostech mezi tvodnimi a zavéreé¢nymi koly byly zjistény. Zavéreéna kola u muzi ukizala vyssi
zastoupeni v po¢tu uderi s 9 a vice udery, coz muze naznacovat vice vyrovnany charakter hry u tenistu.
Déle bylo v zavérecnych kolech ukon¢eno méné rozeher béhem prvnich tii ideri. To muze ukazovat na
vy$si kvalitu prijmu podani — nejen spravné vraceného do dvorce, ale i 1épe umisténého, ze kterého se
podéavajicimu hite hral tfeti ider jako koneény mic. I kdyZ je tato nesrovnalost mala, naznacuje jisty
trend, ktery si vysvétlujeme kvalitou hrac¢i a vyrovnanosti soupeti, ktefi se probojuji do zavéreénych
kol a jsou vyse na zebricku.
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Zeny doséhly srovnatelnych vysledki v relativni cetnosti adertt mezi avodnimi a zavéreénymi koly.
Podobné jako u muzi se malé rozdily, které mohou byt vnimané jako dulezité, ukézaly v relativni
¢etnosti druhého a tfetiho tderu. To si muZeme vysvétlit jednak odlisnymi hernimi styly hracek,
které mohou mit zna¢ny vliv na délku vymén a pocet tderti, ¢i tnavou v pozdéjsich kolech. Druhym
vysvétlenim je opét jista vyrovnanost hracek, které maji vyssi kvalitu tenisovych dovednosti. Vyssi
zastoupeni ukonceni rozeher pii druhém tuderu a mensSi zastoupeni pii tfetim tderu v zévéreénych
kolech muze ukazovat na agresivnéjsi pristup k returnu hracek, kdy se snazi atakovat podani souperky
a ziskat bod (i vice riskovat) nebo ji neumoznit zahrat vitézny uder ze t¥etiho uderu. Stejné tak to
miize ukazovat na dovednost ubréanit se tfetimu tderu soupeiky oproti hrackdm v tvodnich kolech
s niz§im postavenim na zebricku.

Na zakladé ziskanych vysledkt muzeme doporucit specificky trénink na daném povrchu a vyzdvih-
nout dulezitost vodnich tderii rozehry, predevsim kvalitu returnu a dovednost ubrénit se tretimu
ideru souperky z pohledu prijimajici hracky, resp. vyuzit t¥eti uder k ziskani vyhody v rozehie z po-
hledu podavajici hracky. Tato studie byla limitovana tim, Ze data byla ziskana na jednom povrchu
dvorce, pro ktery jsou také interpretovana. Soucasné je tenis dynamicky sport a velmi zalezi na her-
nim vykonu soupere, ktery se muze lisit a ovliviiovat celkovy vykon hrac¢iu a hracek. Kazdopadné tato

studie ukazuje jistou promeénlivost a dynamiku hry v tenisu v tvodnich a zavérecénych kolech.

Zaveér

Tempo hry na US Open zustalo mezi tvodnimi a zavéreénymi koly u Zen stejné, zatimco u muzi
doslo v zavéreénych kolech k mirnému, avsak statisticky nevyznamnému zpomaleni. Uré¢ité drobné
rozdily se objevily v relativni ¢etnosti uderii mezi tvodnimi a zavérecnymi koly, zejména u druhého a
tfetiho tderu béhem rozehry, coz miize odrazet jemné zmény v taktice hraci a hracek ¢i vyrovnanéjsi
charakter hry v pozdéjsich fazich turnaje. Zjisténi mohou slouzit jako cenny podklad pro tvorbu
specifického tréninku muzt a Zen na daném povrchu a zdtraznuji vyznam tvodnich tuderi rozehry,
jejich kvalitu a taktické provedeni. Pro specificky trénink doporu¢ujeme modelovéani tréninku v rychlém
tempu hry s kratkymi rozehrami s obcasnym zafazenim delSich rozeher a respektovani zapasového
poméru zatizeni/pauza. A déle pred zavéretnymi fazemi turnaje zvysit délku rozehry o jeden tuder.

Poznamka
Tato studie vznikla za podpory Univerzity Karlovy: Cooperatio Sport Science — Biomedical and
Rehabilitation Medicine a Grantové Agentury Univerzity Karlovy (GAUK), projekt ¢. 80424.
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Abstract

The 100 m sprint and the marathon represent disciplines with different demands on speed and
endurance. The aim of this study was to analyze and compare the historical development of Czech
women’s performances in these disciplines, identify key trends, and assess the dynamics of performance
improvement. For the analysis, data on the 50 best performances by Czech women for each year in the
period 1976-2025 were collected. The best performances (elite), the average of 3 (sub-elite), and the
average of 15 (broader performance base) of the best performances in both disciplines were compared.
The analysis showed that the 100 m sprint has a long-term stable and slightly increasing trend,
while the marathon is characterized by significant year-on-year variability and dynamic development,
especially in the last decade. The correlation of performance curves between disciplines was significant
for elite competitors (r = 0.393; rer = 0.279) and for the broader performance base (r = 0.725;
Terit = 0.291), but not for the sub-elite (r = 0.207; 14+ = 0.291). Overall, the Czech women’s marathon
appears to be a discipline with growing potential for further performance development, while in the
100 m run, a stable performance level with slight improvement can be expected.

Keywords: 100 m sprint; marathon; comparison; performance development; Czech women

Souhrn

Béh na 100 m a maraton predstavuji discipliny s odliSnymi naroky na rychlost a vytrvalost. Ci-
lem této studie bylo analyzovat a porovnat historicky vyvoj vykoni Zen CR v téchto disciplinach,
identifikovat klicové trendy a posoudit dynamiku zlepSovani vykont. Pro analyzu byla shroméazdéna
data az 50 nejlepsich vykonu zen CR za kazdy rok v obdobi 1976-2025. Porovnany byly nejlepsi dosa-
zené vykony (elita), primér 3 (subelita) a pramér 15 (8irsi vykonnostni zékladna) nejlepsich vykont
v obou disciplinach. Analyza ukazala, Ze béh na 100 m vykazuje dlouhodobé stabilni a mirné ros-
touci trend, zatimco maraton se vyznacuje vyraznou meziro¢ni variabilitou a dynamickym rozvojem
zejména v posledni dekadé. Korelace vykonnostnich kiivek mezi disciplinami byla vyznamna u elitnich
zéavodnic (r = 0,393; rkrit = 0,279) a u 8irsi vykonnostni zékladny (r = 0,725; rkrit = 0,291), nikoli
u subelity (r = 0,207; rkrit = 0,291). Celkové se maraton ¢eskych Zen jevi jako disciplina s rostoucim
potencialem dalstho vykonnostniho rozvoje, zatimco v béhu na 100 m lze ocekavat stabilni vykonnostni
droven s mirnym zlepSovanim.

Klic¢ova slova: béh na 100 m; maraton; porovnani; vyvoj vykonnosti; zeny CR

Uvod

Ze v8ech tradi¢nich olympijskych bézeckych disciplin predstavuji béh na 100 metri a maraton
nejvyraznéjsi kontrast mezi rychlosti a vytrvalosti. Béh na 100 metra je nejkratsim bézeckym zévo-
dem na dréze pod Sirym nebem, pficemz drzitelé svétového rekordu v této discipliné nesou prestizni
titul nejrychlejsiho ¢lovéka na svété (Majumdar & Robergs, 2011). Naproti tomu maraton patii mezi
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fyziologicky nejnaro¢néjsi vytrvalostni discipliny (Ely et al., 2007). I pfesto vSak jeho popularita v po-
slednich desetiletich vyrazné roste (Nikolaidis et al., 2019).

Obé discipliny se objevily jiz na prvnich modernich olympijskych hrach v Aténach roku 1896
a dodnes zustavaji soucasti programu (Goh, 2021). Tehdy se atletickych zavodi mohli u¢astnit pouze
muZi. S ohledem na dobové presvédceni o Skodlivém vlivu zdvodéni na Zenské zdravi a reprodukci byla
zenam ucast na zavodech odepfena. Béh na 100 m v podani Zen se poprvé objevil na olympijskych
hrach v Amsterdamu 1928 (Knorre et al., 2004). Tento moment lze povazovat za kli¢ovy pro nasledny
rozvoj a zaclenéni Zenského sprintu (Guttmann, 2002). Maraton Zen byl poprvé zarazen do oficialnich
mezinarodnich soutézi az v 80. letech, konkrétné na Mistrovstvi Evropy 1982, Mistrovstvi svéta 1983
a olympijské hry v Los Angeles 1984 (Bahensky, 2021).

Sportovni vykonnost se v prubéhu ¢asu formovala vlivem tréninkovych metod, socialnich vlivi,
technologickych pokroka a regulaci dopingu (Emig & Adam, 2024). Po skonceni 2. svétové valky se
sport znovu zacal rozvijet jak ve svété, tak na naSem tzemi. Postupné se obnovily doméci i mezi-
narodni soutéze (Kaspar, 2007). Od roku 1948 je sport tzce propojen s politickymi zajmy a cely
jeho propracovany systém je fizen statem (Slavik & Osoba, 2016). Po tomto roce se fada sportoveil
z politickych ditvodu rozhodla emigrovat (Kaspar, 2007). I pfes pocateéni amatérské podminky se
tréninkové moznosti atlett postupné zacaly zlepSovat. Nejlepsi zazemi pro pripravu reprezentanti na-
bizely predevsim kluby arméadniho sportu (Pta¢nikova, 2003; Jirka et al., 1997; Slavik & Osoba, 2016).
Vybér mladych talentovanych atletu fungoval efektivné, predevsim prostfednictvim Sportovnich her
délnické mladeze (Slavik & Osoba, 2016). ZlepSovani tréninkovych podminek v 60. letech vedlo na
tizemi dnesni CR k nartstu poctu stadiond, kterych tu do té doby existovalo jen méalo (Jirka et al.,
1990, 1997, 2000; Slavik & Osoba, 2016). Snahy o liberalizaci a demokratizaci spolecnosti i télovy-
chovného hnuti byly na konci 60. let potladeny vojenskou intervenci SSSR a dalsich stata Varsavské
smlouvy (Kagpar, 2007; Polacek, 2019).

Rozvoj sportu po 2. svétové vélce doprovézely i zmény v oblasti tréninku. Zafazeni intervalového
tréninku do pfipravy predstavovalo v této dobé zasadni zménu, kterad se vyznamné odrazila ve vy-
konnosti b&zct (Kucera & Truksa, 2000). Mimo to se zacalo vice vyuzivat periodizovaného piistupu
planovani tréninku (Kalus, 2021). V 60. letech Matveyev predstavil model linearni periodizace, jenz se
osvédeil zejména u sportoved Sovétského svazu a Vychodniho Némecka (Haugen et al., 2019; Kalus,
2021). Také Arthur Lydiard, véhlasny béZzecky trenér z Nového Zélandu, pFigel s vlastnim tréninkovym
modelem ¢lenénym do etap. Nejprve se budovala obecné vytrvalost, pak sila dolnich koncetin a nako-
nec se ladily rychlostni a tempové schopnosti bézct (Bahensky, 2012; (v]ervinka7 2023). Po olympijskych
hrach 1968 v Mexiku se vysokohorsky trénink stal vyznamnou soucasti piipravy vytrvalostnich bézct
(Haugen et al., 2022).

Systém statni podpory sportu doséhl svého vrcholu v poloving 70. let (Ptac¢nikova, 2003; Jirka
et al., 1997). Podpora byla orientovana predevsim na vrcholovy sport a statni reprezentaci, coZ pii-
spélo k mezinarodni konkurenceschopnosti a dosaZeni vyznamnych taspéchii v 70. a 80. letech (Kaspar,
2007). Podle dostupnych informaci se v tomto obdobi rovnéz uplatiioval statem Fizeny doping, zahrnu-
jici podavani anabolickych steroida vrcholovym reprezentantim (Erban, 2014; Jadrny, 2018; Polacek,
2019). Politicky bojkot olympijskych her v Los Angeles 1984 zmafil dalsi potencialni tspéchy ¢esko-
slovenskych sportovei (Kaspar, 2007).

Po roce 1989 doslo ve vrcholovém sportu k zasadnim spolecenskym a organiza¢nim zménam, které
vedly k poklesu trovné ceské atletiky, a to i pfes snahu Ceského atletického svazu o opétovné vybudo-
vani systému podpory sportu (Slavik & Osoba, 2016). Obdobi po téchto zménach bylo poznamenéno i
dramatickym sniZenim financi sméfujicich do sportu (MSMT, 2009). Ackoli se situace postupné méni
k leps$imu, financovani sportu v CR stale nedosahuje standardt vyspélych statt (Opocensky et al.,
2021). V dnesni dobé existuje Siroka skala volnocasovych aktivit. Zajem déti a mladeze o bézecké dis-
cipliny a sport obecné je vyrazné nizsi nez v minulosti. Nedostatek vSestrannych pohybovych zakladu
pak omezuje moznost pozdéjsi specializované piipravy (Bahensky, 2017).

V posledni dobé se zna¢na pozornost vénuje inovacim v bézecké obuvi, které podporuji efekti-
vitu béhu (Muniz-Pardos et al., 2021). Ov8em ani skutecnost, Ze disponujeme modernimi pomuckami,
vhodnymi tréninkovymi podminkami, optimalizovanou vyzivou a moZnosti specifického testovani, ne-
zaruuje vysokou troveil sportovni vykonnosti (Marko et al., 2022). Dosdhnout tspéchu mezi elitnimi
atlety na svétové trovni je vzhledem k jejich prirozenému tréninkovému prostiedi, lepsi fyziologické
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adaptaci a pevné zakotvenym pohybovym schopnostem velmi naro¢né (Bahensky & Semerad, 2014).
S neustalym zlepSovanim vykont se dnes takeé stéle ¢astéji spekuluje o vrcholu lidskych moznosti (Emig
& Adam, 2024).

Védci se jiz vice nez sto let snazi vysvétlit bézeckou vykonnost a pfedpovédét jeji limity (Emig &
Adam, 2024). Tento zajem je posilen pozoruhodnym zlepSenim vykont ve sprinterskych i vytrvalost-
nich bézeckych disciplindch béhem posledniho stoleti (Weiss et al., 2016). Vykony v béhu na 100 m
i v maratonu jsou vysledkem ptisobeni mnoha faktorti (Majumdar & Robergs, 2011; Reusser et al.,
2021). Z tohoto duvodu zustava jejich porovnéavani a predikce velmi obtizna (Kotuta et al., 2025). Na
zékladé analyzy vyvoje vykonnosti lze vSak stanovit prognozu vyvoje do budoucna (Tilinger, 2004).
Predikci vykoni komplikuje rovnéz otazka limitni vykonnosti (Karp, 2006; Tilinger, 2004). Stanove-
nim hrani¢nich limita vykonnosti a prognézou vykoni se kromé Tilingera (2004) zabyvali také Kovar
(2007) a Brodani (2013). Cilem této studie je proto analyzovat a porovnat historicky vyvoj vykon-
nosti zen CR v b&hu na 100 m a maratonu, identifikovat klicové trendy a posoudit rozdily v dynamice
zlepSovani vykoni mezi témito dvéma odlisnymi disciplinami.

Metodika

Pro nas vyzkum jsme zvolili retrospektivni kvantitativni analyzu sekundérnich dat. Nasim cilem
bylo porovnat historické vykonnostni trendy v b&hu na 100 m a maratonu Zen v CR. Do vyzkum-
ného souboru jsme zahrnuli bézkyné, jejichz vykony byly zaznamenény ve statistickych publikacich
dostupnych v elektronické podobé na webovych strankéch Ceského atletického svazu (2025).

Pro kazdy rok v obdobi 1976-2025 jsme vybrali az 50 nejlepsich zenskych zavodnic z kazdé disci-
pliny a zaznamenali jejich nejlepsi dosaZeny cas, pri¢emz byly zahrnuty pouze oficialni a platné casy
s povolenou podporou vétru. Vzhledem k omezenému poc¢tu zaznamenanych vykont u maratonu bylo
mozné srovnavat vykonnostni trendy nejlepsich zavodnic mezi disciplinami od roku 1976, zatimco
u 8irsiho souboru zavodnic az od roku 1980. Data jsme systematicky sbirali a zapisovali do tabulek
v programu Microsoft Excel. Evidovali jsme jméno bézkyné, rok vykonu a dosazeny ¢as. Statistické pu-
blikace do roku 1993 zahrnovaly i zavodnice slovenského ptivodu, proto jsme je z naseho vyzkumného
souboru vylou¢ili (Bahensky, 2021).

V soucasnosti neexistuje jednotny pohled ani terminologie pro charakterizovani trovné a trénin-
kového statusu jednotlivee ¢ skupiny (McKay et al., 2022). Na zakladé mnoZstvi a kvality dat jsme
si stanovili ukazatele reflektujici rizné arovné sportovni vykonnosti:

e nejlepsi individualni ¢as — vykonnostni elita,
e primér 3 nejlepsich ¢ast — subelita,
e prumér 15 nejlepsich ¢asi — 8irsi vykonnostni zédkladna (Bahensky, 2021).

U sprinterskych vykonii zaznamenanych ruénim méfenim jsme provedli standardni korekci pricte-
nim 0,24 s pro pfevod na hodnoty kompatibiln{ s elektronickou ¢asomirou, jak je obecné pouzivano
pro statistické ucely po celém svété u bézeckych disciplin do 400 m (Hollings et al., 2012).

Jednotlivé ¢asy v béhu na 100 m a maratonu jsme pievedli na bodové hodnoceni podle Mad arskych
bodovacich tabulek pro drahu (World Athletics, 2022), ¢imz jsme ziskali jednotnou veli¢inu umoziujici
porovnani vykonid mezi riznymi disciplinami (Bahensky, 2021).

Pro vizualizaci dat jsme vytvorili spojnicové grafy znazornujici vykonnostni kiivky v ¢ase, doplnéné
o trendové linie. Na zékladé kritické hodnoty korela¢niho koeficientu pro dany rozsah dat jsme oveérili,
zda mezi jednotlivymi vykonnostnimi k¥ivkami existuje statisticky vyznamna korelace (Bahensky,
2021).

Dale jsme zpracovali tabulku, ktera pro kazdy sledovany rok uvadi pocet zavodnic v béhu na
100 m a v maratonu splitujicich nadmi stanovené kritérium konkurenceschopnosti. Cilem tohoto postupu
bylo zjistit konkrétni §ifi konkurence v jednotlivych disciplinach. Za konkurenceschopny vykon jsme
povazovali ¢as, ktery nepresahoval narodni rekord v dané discipling o vice nez 10 %. PFi stanoveni
tohoto kritéria jsme se inspirovali praci McKay et al. (2022), ktefi navrhli univerzalni ramec pro
klasifikaci uc¢astniki podle jejich tréninkové trovné a sportovni vykonnosti.
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Vysledky

Vivog vikonnosti nejlepsich Zen CR v béhu na 100 metri a v maratonu (1976-2025)

Obréazek 1 znazoriiuje vyvoj nejlepsich vykoni Zen CR v béhu na 100 m a v maratonu na zaklade
hodnoceni podle madarskych bodovacich tabulek v obdobi 1976-2025. Vykonnostni kiivky odrazeji
skute¢nou Spickovou vykonnost v jednotlivych letech.

Obrazek 1./ Figure 1. 3
Vijvoj vgkonnosti nejlepsich Zen CR v béhu na 100 metri a v maratonu (1976-2025)./ Performance
development of the best Czech women in the 100-meter sprint and marathon (1976-2025).
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Prvni oficialné evidovany maratonsky vykon pochézi z roku 1976. Nasledujici dynamicky narist
vykonii v maratonu az do roku 1980 je spojen s jedinou zavodnici — Vlastou Rulcovou. Paralelné s tim
dosahovala Jarmila Kratochvilova vrcholnych vykont v béhu na 100 m, pficemz v roce 1981 vytvorila
dosud platny narodni rekord ¢asem 11,09 s.

V 80. letech vykonnost zZen v maratonu nadéle pozvolné rostla, zatimco v béhu na 100 m dochéazelo
k postupnému poklesu vykonii. Koncem 80. let se trovenn obou disciplin vyrovnala a jejich kiivky se
zacaly vzajemné prolinat. Ke konci 90. let je patrny celkovy pokles vykond v obou disciplinach.

Od roku 2006 jsou bodové hodnoty ve sprintu dlouhodobé vyssi nez v maratonu. Vyrazné zlepSeni
maratonskych vykont nastalo v roce 2016 a vyvrcholilo v roce 2024, kdy Moira Stewartova vytvorila
novy narodni rekord ¢asem 2:23:44. Ve stejném roce se Karolina Mafasova vykonem 11,11 s pfiblizila
historickému sprinterskému rekordu.

Pribéh vykonnostnich kiivek elitnich ¢eskych bézkyn je z velké ¢asti prolinavy a odrézi vyskyt
vyjimeéné talentovanych zavodnic v danych obdobich. Maratonska kfivka vykazuje oproti sprintu
vyrazné kolisavéjsi pribéh. Trendova linie sprintu naznacuje pozvolny narust vykonnosti, zatimco
u maratonu spiSe mirny pokles. Korelace vykonnostnich kiivek mezi béhem na 100 m a maratonem je
statisticky vyznamna (r = 0,393), nebot prekrocila kritickou hodnotu korela¢niho koeficientu pro 50
pari dat (rkrit = 0,279).

Vyvog primeérné vgkonnosti 3 nejlepsich Zen CR v béhu na 100 metri a v maratonu (1980-2025)

Obréazek 2 znézorije vyvoj priamérné vykonnosti 3 nejlepsich zen CR v jednotlivych letech pro béh
na 100 metr a maraton. Casova osa zahrnuje obdobi 19802025 a vykonnost je vyjadiena v bodech
prepoctenych podle madarskych bodovacich tabulek. Jelikoz jde o vybér 3 nejvykonnéjsich atletek
daného roku, vysledné hodnoty reprezentuji subelitu ¢eské zenské atletiky.

V béhu na 100 m lze identifikovat dvé obdobi (1981-1985 a 1995-2001), v nichZ po vyrazn&jsim
rustu nasledoval pokles vykonnosti. Pro ostatni roky zustava prubéh kiivky relativné stabilni. Od
pocatku nového tisicileti lze pozorovat mirné, avsak stalé zlepSovani vykonnosti s mirnymi vykyvy az
do soucasnosti.
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Rovnéz v maratonu je patrny pocateéni riast vykonnosti na zacatku 80. let, ktery vsak byl po
roce 1983 vystfidan poklesem vykoni. Nasledné se vykonnost maratonskych bézkyn az do roku 1995
opét zvySovala, nacez doslo k dalsimu propadu s vykonnostnim minimem v roce 1999. Dalsi vyvoj
je charakteristicky opakovanymi néartusty a poklesy vykonnosti. Teprve po roce 2014 nastalo vyrazné
a konzistentni zlepSovani vykont nejlepsich ¢eskych maratonskych zavodnic, které vyvrcholilo v roce
2021, kdy ¢tyfi bézkyné (Eva Vrabcova-Nyvltova, Marcela Joglova, Tereza Hrochova a Moira Stewar-
tova) prekonaly hranici 2 hodin a 30 minut. V poslednich pé&ti letech se vykonnost maratonské subelity
opakované dostala na turoven, pfipadné nad troven sprinterskou.

Obrazek 2./ Figure 2.

Vijuoj priimérné vygkonnosti 3 nejlepsich Fen CR v béhu na 100 metri a v maratonu (1980-2025)./
Development of the average performance of the top three Czech women in the 100-meter sprint and
marathon (1980-2025).

1200

1150

1100

1050

1000

950

900

850

sprint maraton oo » Polyn. (sprint) -« » Polyn. (maraton)

Trendové kiivky obou disciplin ukazuji rozdilny charakter vyvoje. Zatimco sprint vykazuje stabilni
a mirné rostouci trend, maraton se vyznacuje kolisavym prubéhem s vyraznéjsimi vykyvy. Pfesto
se vykonnost maratonskych bézkyn postupné pfiblizuje a dostava na troven sprinterek. Korelace
kiivek primérné vykonnosti tif nejlepsich Zen CR mezi béhem na 100 m a maratonem nenf statisticky
vyznamna (r = 0,207), protoZze nedosahla kritické hodnoty korela¢ntho koeficientu pro 46 part dat
(rkrit = 0,291).

Vyvoj pramérné vykonnosti 15 nejlepsich Zen CR v béhu na 100 metri a v maratonu (1980-2025)

Obréazek 3 znazornuje vyvoj praumérné vykonnosti 15 nejlepsich Zen CR v jednotlivych letech pro
b&h na 100 metrtt a maraton. Bodové hodnoty, pfepoétené podle madarskych bodovacich tabulek,
reflektuji troven Sirsi vykonnostni zakladny v kazdém roce. Sledované obdobi zahrnuje roky 1980-2025.

V béhu na 100 metri je patrna dlouhodobé stabilni vykonnostni troven, ktera se pohybuje v re-
lativné tzkém rozmezi bodovych hodnot. Vyjimku tvofi obdobi 1993 —1996, kdy byl zaznamenén
relativné vyssi narast vykonnosti. Celkové dochazi k pozvolnému zlepSovani vykont.

Maratonské vykony naopak vykazuji zna¢né kolisavy prubéh. Po pocateénim riustu v 80. letech
nastal v poloviné 90. let vyrazné&jsi pokles vykonnosti, ktery dosahl minima v roce 1997. Od tohoto
roku lIze sledovat postupny vzestup vykonii, doprovazeny obcasnymi vykyvy az do souc¢asnosti.

Porovnani trendu ukazuje odlisny charakter vyvoje obou disciplin. Zatimco v béhu na 100 metri
lze pozorovat dlouhodobé stabilni kfivku s mirnym rastem, vykonnostni kfivka maratonu vykazuje
dynamicky vyvoj s vyraznymi vykyvy. V poslednich letech dochazi k vyraznéjsimu zlepSeni vykoni
maratonskych bézkyf, ¢imZz se postupné zmenSuje vykonnostni rozdil mezi disciplinami. Korelace
kfivek prumérné vykonnosti 15 nejlepsich zen CR mezi béhem na 100 m a maratonem je statisticky
vyznamné (r = 0,725), protoze prekrocila kritickou hodnotu korela¢niho koeficientu pro 46 péara dat
(rkrit = 0,291).
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Obrazek 3./ Figure 3. 5
Vijvoj primeérné vygkonnosti 15 nejlepsich Zen CR v béhu na 100 metri a v maratonu (1980-2025)./
Development of the average performance of the 15 best women in the Czech Republic in the 100-meter

sprint and marathon (1980-2025).
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Vyvoj poctu konkurenceschopnych zdvodnic v béhu na 100 m a v maratonu Zen v CR (1976-2025)

Tabulka 1 ukazuje pocet zavodnic splitujicich 10% ¢asovou hranici od aktualniho narodniho rekordu
v jednotlivych letech pro obé discipliny.

V béhu na 100 m se pocet zavodnic spliujicich toto kritérium pohyboval do roku 2013 v rozmezi
8 az 23 zévodnic. Od té doby se pocet zavodnic témér konzistentné zvysuje, s maximem v poslednim
sledovaném roce 2025.

V maratonu byla prvni a po ur¢itou dobu jedinou zavodnici Alena Peterkova, ktera od roku 1989
pravidelné dosahovala vykont do 10 % od soucasného narodniho rekordu. Od prelomu tisicileti na
ni svymi vykony navézala Anna Pichrtova. Nasledovalo obdobi, kdy povétSinou Zadné zavodnice ne-
spliovala stanovené kritérium. Od roku 2016 vSak alespon jedna zavodnice pravidelné dosahovala
pozadovaného vykonu. V poslednich 5 letech se pocet konkurenceschopnych maratonskych zavodnic
zvy§il, s maximem ¢tyT zavodnic v roce 2021.

Celkové lze konstatovat, Ze pocet konkurenceschopnych zavodnic byl v béhu na 100 m po celé
sledované obdobi vyrazné vyssi nez v maratonu, kde vyssi vykonnostni trovné dosahovaly prevazné
jednotlivé zavodnice. Trend posledni dekady ukazuje postupny rozvoj zenské bézecké zékladny v obou
disciplinéch.

Shrnuti

P1i srovnani vykonnostnich trendi béhu na 100 m a maratonu zen v CR jsme zaznamenali jejich
odlisné vyvojové charakteristiky. B€h na 100 m se vyznacuje relativné stabilnim prubéhem vykonnosti

Na elitni trovni dosahuji nejlepsi vykony Zen v béhu na 100 m a maratonu v CR srovnatelné
arovné. Pi porovnani praméra 3 a 15 nejlepsich vykonia vSak byla zaznamenana vyssi vykonnostni
drovenl u sprinterek. V posledni dekddé je patrny rozvoj zenského maratonu, diky némuz se vykony
v ramci subelity mezi disciplinami pohybuji na podobné trovni. Nejvyraznéjsi rozdily pretrvavaji
u 8irsi vykonnostni zdkladny, kde vykonnost Zen v maratonu v zadné fazi sledovaného obdobi nedosahla
urovné sprintu, i kdyz dochéazi k postupnému snizovéani téchto rozdila.

Trendové kiivky pro béh na 100 m naznac¢uji mirné zlepsovani vykonu zen CR ve vsech sledova-
nych skupinach. Vykonnostni rist zdvodnic reprezentujicich maratonskou subelitu a $irsi vykonnostni
zékladnu vykazuje podstatné vyraznéjsi dynamiku. Vyjimkou jsou elitni vykony v maratonu, u nichz
trend ukazuje mirny pokles.

Soucasti analyzy bylo také posouzeni korelaci mezi vykonnostnimi kiivkami zen CR v béhu na
100 m a maratonu. Byla zjisténa statisticky vyznamna korelace mezi k¥ivkami elitnich zavodnic obou
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disciplin (r = 0,393; rkrit = 0,279) a jesté vyrazngjsi u k¥ivek praméri 15 nejlepsich vykoni (r = 0,725;
rkrit = 0,291). Naproti tomu k¥ivky pramérd 3 nejlepsich Zen spolu statisticky nekorelovaly (r = 0,207;
rkrit = 0,291).

Tabulka 1./ Table 1.

Pocet zavodnic spliwugicich hranici 10 % od aktudlniho ndrodniho rekordu v daném roce a discipling./
Number of female competitors meeting the 10% threshold of the current national record in a given year
and discipline.

Rok  Maraton Béh na 100 m Rok  Maraton Béh na 100 m

1976 0 12 2001 2 15
1977 0 10 2002 1 19
1978 0 11 2003 0 18
1979 0 16 2004 1 19
1980 0 10 2005 1 13
1981 0 14 2006 0 17
1982 0 15 2007 0 16
1983 0 13 2008 0 17
1984 0 10 2009 0 18
1985 0 11 2010 0 17
1986 0 9 2011 0 19
1987 0 9 2012 1 17
1988 0 15 2013 1 23
1989 1 8 2014 0 27
1990 0 12 2015 0 26
1991 1 8 2016 1 29
1992 0 10 2017 1 24
1993 1 10 2018 1 28
1994 1 13 2019 1 28
1995 1 17 2020 1 30
1996 0 23 2021 4 42
1997 0 18 2022 2 41
1998 1 15 2023 3 42
1999 0 17 2024 2 49
2000 1 14 2025 1 54

Pozndmka. Narodni rekord v maratonu = 2:23:44; kritérium pro splnéni 10 % = 2:38:06/ National
record in marathon = 2:23:44; criterion for 10% fulfillment = 2:38:06; Narodni rekord v b&hu na
100 m = 11,09; kritérium pro splnéni 10 % = 12,20./ National record in 100 m sprint = 11.09;
criterion for 10% fulfillment = 12.20.

Analyza poc¢tu konkurenceschopnych zavodnic ukézala pocetnéjsi vykonnostni zékladnu v b&hu na
100 m, zatimco elitni vykonnost v maratonu je zalozena predevsim na individuéalnich vykonech jednot-
livych zavodnic. Obdobi posledni dekddy naznacuje postupny narust konkurence i v této discipliné.

Diskuze

Cilem nageho vyzkumu bylo porovnat vyvoj vykonnosti Zen v CR ve dvou odlisnych bézeckych
disciplindch, b&hu na 100 m a maratonu, v obdobi od roku 1976 po sou¢asnost a nasledné interpretovat
zjisténé vysledky. V prvé fadé jsme porovnavali nejlepsi dosazené vykony v obou disciplinach za kazdy
rok. Déle jsme sledovali pramér 3 (subelita) a 15 (Sirsi vykonnostni zakladna) nejlepsich vykont
v jednotlivych letech, coz ndm umoznilo hodnotit rozdily mezi elitnimi vykony jednotlivkyn a Sirsimi
skupinami zavodnic.

Celkové jsme zaznamenali rozdilné vykonnostni kiivky. Vykonnost v béhu na 100 m obecné vyka-
zuje vetsi stabilitu nez v maratonu, kde meziro¢ni vysledky podléhaji vyraznéjsim vykyviam. Jednim
z moznych vysvétleni je rozdilny charakter obou zavodi. Zatimco vykon na stadionu je obecné presné
méfitelny a jen miniméalné ovlivnitelny pirirodnimi podminkami, maraton tuto objektivitu postrada
(Suchy a Tilinger, 2004). Béh na 100 m probfha na draze v pfimém sméru, bez zatacek a s pevné
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stanovenou délkou traté (Majumdar & Robergs, 2011). Naopak maraton se nejéastéji kona na silnici
s ruznorodym profilem traté, pri¢emz skuteéna ub&hnuta vzdéalenost se muze lisit v zavislosti na trajek-
torii bézce (Emig & Adam, 2024). Vyznamnou roli v téchto zédvodech piedstavuje strategie rozvrzeni
tempa (Abbiss & Laursen, 2008). Na rozdil od béhu na 100 m, v némz atleti vynakladaji maximalni
asili k dosazeni co nejrychlejsiho ¢asu, je pribéh maratonského zavodu ¢asto determinovan taktickymi
strategiemi zaméfenymi na vitézstvi (Seiler et al., 2007; Hollings et al., 2012). Nelze opomenout ani
vliv samotné délky zavodu, protoze delsi traté prirozené umoznuji vznik vétsich rozdila ve vykonu nez
v béhu na 100 m. S rostouci délkou zavodu roste i vyznam environmentalnich faktoru, které ovliviuji
kone¢ny vykon bézce, zejména proménlivé pocasi a kolisajici teplota vzduchu béhem zavodu. Podle
El Helou et al. (2012) je teplota vzduchu klicovym faktorem ovliviiujicim vykon v maratonu u bézct
vSech turovni, nebot existuje dobfe prokizany vztah mezi poklesem vykonu a vyssi teplotou vzduchu.

Pocet zavodnich prilezitosti v prubéhu sezony se mezi sprinterkami a maratonkynémi vyrazné
lisi. I tento aspekt je tfeba brat v potaz pii interpretaci variability vykont v maratonu. Sprinterky
obecné absolvuji béhem roku vice zavodu, nékdy v rdmci soutéze tii az ¢tyri 100m béhy ve dvou
dnech. Studie Hanley & Hettinga (2021) analyzovala prubéh vykoni finalistt sprinterskych disciplin
na mistrovstvich svéta a olympijskych hrach a zjistila, ze medailisté postupné zlepSovali své ¢asy od
kvalifika¢nich rozbéht az po finale. Tento trend se vSak neprojevil u ostatnich finalisti, jejichz vykony
zustaly stejné nebo se zhorsily. Naproti tomu maratonkyné odbéhnou za rok v priméru 2 maratony
(£1) s odstupem zhruba 3 mésictt (Haugen et al., 2022).

Zjistili jsme, ze ktivky elitnich vykont v béhu na 100 m a maratonu se v riznych obdobich proli-
naji a stfidavé prevysuji. Vysledky tohoto porovnani naznacuji, Ze na trovni elitnich ¢eskych zéavodnic
jsou discipliny srovnatelné a rozdily ve vykonnosti v jednotlivych obdobich jsou podminény predevsim
vyskytem vyjimecné talentovanych jednotlivkyn. Tento zavér je v souladu s tvrzenim Suchého a Ti-
lingera (2004), ktefi poukazuji na vyznam individualnich osobnosti pfi utvareni vrcholné vykonnosti.

Podobné zavéry uvadéji také Kotula et al. (2025), ktefi sledovali vyvoj ¢asi v béhu na 100 m na MS
v prubéhu poslednich 40 let. Autofi analyzovali pramér 16 nejlepsich semifinalovych cast a nejlepsi
¢as findle. Zjistili, ze zlepSovani vykonii bylo pfedevsim dusledkem vyskytu vyjimeéné talentovanych
jednotlivkyn, zatimco prumérna droven elitnich zavodnic se zlepSovala pouze mirné. Tyto poznatky
podporuji tvrzeni, ze vyraznéjsi zmény v kiivkach elitnich vykontt mohou byt ovlivnény pfitomnosti
mimoradné talentovanych jedinci.

P1i porovnani prumérnych hodnot 3 a 15 nejlepsich vykontu byla prokizana vyssi vykonnostni
droven u sprinterek. Zatimco subelita maratonu se v posledni dekddé dostala na tdroven sprinterek,
vykonnost Zen v §ir§i vykonnostni zakladné v zadné fazi sledovaného obdobi nedosahla trovné sprin-
terskych vykoni, pfestoze lze pozorovat postupné snizovani téchto rozdilu.

Zda se, ze ¢im vice vykoni zavodnic do priméru zahrneme, tim vyraznéjsi se budou jevit rozdily
mezi obéma disciplinami. Je pravdépodobné, Ze rozdilné zastoupeni zen v obou disciplinach v pribéhu
let ovlivnilo pozorované rozdily ve vykonnosti. V rdmci metodiky naseho vyzkumu jsme pro kazdy
rok zaznamenévali vykony 50 nejlepSich Zen z kazdé discipliny, jak jsou uvedeny ve statistickych
publikacich Ceskeého atletického svazu. Ukazalo se, ze v mnoha letech nebyl tento pocet u maratonu
dosazen, zatimco u sprinterek byl vzdy splnén. Z hlediska historického vyvoje je tfeba zdiraznit, ze
béh na 100 metru patfil mezi prvni atletické discipliny, v nichz zeny smély soutézit. Naopak tcast
v maratonu byla zenam umoznéna az v 70. letech 20. stoleti. Z toho vyplyva, zZe se Zensky sprint zacal
vyvijet podstatné diive nez maraton a atletické oddily do té doby stihly ziskat a vychovat podstatné
Sirsi okruh sprinterek.

Do nizsiho poctu Zen v maratonu se muze promitnout obtiznost discipliny, ¢asova narocnost tré-
ninku a doba potfebna k dosazeni vrcholné vykonnosti. Z hlediska fyziologickych naroku predstavuje
maraton extrémni zatéz (Ely et al., 2007). Jeho dokonéeni bez systematického tréninku je ve srov-
sportu obvykle vyzaduje pfiblizné deset let cilené piipravy (Haugen et al., 2022; Furrer et al., 2023).
V letech 1945 az 2020 ¢inil vékovy prumér nejlepsich ¢eskych maratonskych zavodnic za jednotlivé
roky 33,64 let (& 3,87). Pfi porovnani s ostatnimi disciplinami stfednich a dlouhych trati dosahovaly
maratonkyné jednozna¢né nejvyssiho vékového praméru (Bahensky, 2021). Naproti tomu u zéavodnic
v béhu na 100 m nastava vrcholné obdobi kolem 26 let (Haugen et al., 2018; Agudo-Ortega et al.,
2024). Sprinterska vykonnost navic ziistava béhem jednotlivych sezon i v pribéhu celé kariéry relativné
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stabilni (Haugen et al., 2018; Loturco et al., 2023). Po 30. roce Zivota je v8ak zlepSovani ¢i udrZeni
sprintérského vykonu velmi obtizné (Haugen et al., 2018), coz kontrastuje s maratonkynémi, jejichz
vrcholnd vykonnost nastava pozdéji.

Komplexnim porovnanim a vyvojem vykonnosti v bézich na stfednich a dlouhych tratich v ramci
naseho tzemi se zabyval Bahensky (2021). P¥i souhrnném statistickém porovnani vykoni Zen ve viech
bézeckych disciplinédch stfednich a dlouhych trati v pribéhu ¢asu bylo zjisténo, ze béhy na 800 m
a 1 500 m vykazovaly dlouhodobé nejvyssi bodové hodnoty ze vSech sledovanych trati. Naopak nejnizsi
vykonnost byla zaznamenéna u nejdelsich bézeckych distanci, béhu na 10 000 m a maratonu. Ukazalo
se, ze ¢im vétsi soubor bézkyn byl porovnavéan, tim vétsi vykonnostni rozdily mezi disciplinami vznikaly.
Pfi samostatném hodnoceni vyvoje maratonu zen se v8ak ukazalo, Ze v poslednich letech u této
discipliny dochéazi k vyraznému ristu vykonnosti (Bahensky, 2021).

Bohuzel se nam nepodatilo nalézt zadnou studii, ktera by se systematicky zabyvala komplexnim
porovnanim vykonnosti ¢eskych Zen ve sprinterskych disciplinach. Takova publikace by umoznila srov-
nani vykonu napri¢ vSemi béZzeckymi disciplinami a poskytla by uceleny pohled na specifika kratkych
sprinti.

Zjistili jsme, Ze spolu vykonnostni kiivky Zen CR v b&hu na 100 m a maratonu korelujf na trovni
elitnich zavodnic i 8irsi vykonnostni zékladny. Korelace na trovni elity je pravdépodobné diisledkem
vyskytu vyjimeénych zavodnic, které posunuji hranice vykonu v obou disciplinach, a soucasné odrazi
kvalitni systémovou podporu, véetné optimalnich tréninkovych podminek a péce o sportovce. Tyto
faktory umoznuji rozvoj potencidlu zévodnic a jejich konkurenceschopnost na mezinarodnim poli.
Statisticky pak i maly pocet vyjimecnych vykoni muze vyznamné ovlivnit kfivky vykonnosti, coz
Castecné vysvétluje jejich vzajemnou korelaci, prestoze sprint a maraton jsou fyziologicky odlisné
discipliny. Stejné tak byla shledana vyznamna korelace u kiivek praméra 15 nejlepsich Zen. Tento
jev miize byt ovlivnén rostoucim poctem aktivnich Zen, zkvalitnénim tréninkovych podminek a Sirsi
nabidkou soutéznich piilezitosti.

U prumeéru 3 nejlepsich Zen se vSak mezi disciplinami korelace nepotvrdila. Jak ukazuje Obrazek 3,
v nékterych obdobich (1996-1997, 20012003, 2009-2010; 2019-2021) se kiivky vyrazné rozchazely. To
je pravdépodobné diisledkem velmi malé velikosti souboru, protoze pribéh kiivky u takto omezeného
poctu zavodnic je velmi citlivy na vykonnostni vykyvy jednotlivych atletek. Pokud navic vezmeme
v potaz relativné nizkou konkurenceschopnost zavodnic v maratonské discipling, je mozné vysledky
interpretovat pravé z tohoto thlu pohledu.

Vykonnostni trendy zZen CR v béhu na 100 m ukazuji pouze pozvolny rust ve vSech sledovanych
skupinach, zatimco v maratonu je patrné vyraznéjsi zlepSeni vykonii u subelity a §irsi vykonnostni za-
kladny. Pokud bude tento trend pokracovat, lze o¢ekavat postupné snizovani rozdilu mezi sprinterskou
a maratonskou vykonnosti, piipadné prekonéni sprinterské trovné.

Nase zjisténi ohledné vyvoje vykonnosti v béhu na 100 m jsou podobna vysledkim studie Skalski
et al. (2025), ktera porovnévala primér 10 nejlepsich svétovych sprinterskych vykont muzi a Zen za
kazdy rok v obdobi 1976-2024. Trendova kiivka rovnéz ukazuje postupny rtst vykonnosti sprinterek
v béhu na 100 m. Nejvyraznéjsi zlepSeni bylo zaznamenano do roku 1989, poté se tempo zlepSovani
zpomalilo (Skalski et al., 2025). Sportovni vysledky se budou v budoucnu vice odvijet od védeckych
a technologickych pokrokid nez od fyziologickych predpokladi sportoved (Lippi et al., 2008). Presto
je ve sprinterskych disciplinach prostor pro technologické inovace pomérné omezeny (Seiler et al.,
2007). Soucasné jsou vykony ve sprintu formovany regula¢nimi opat¥enimi, ktera udrzuji spravedlivé
podminky zavodu (Skalski et al., 2025).

Pocet startujicich Zen ve svétovych maratonech v poslednich desetiletich vyrazné vzrostl, coz vedlo
k postupnému zuzeni genderového rozdilu (Knechtle et al., 2020; Reusser et al., 2021; Nesburg et al.,
2023). Napftiklad prvniho ro¢niku Berlinského maratonu se acastnilo pouhych 8 Zen, zatimco v roce
2018 jich bylo 12 268 (Reusser et al., 2021). Burke et al. (2025) uvadgji, Ze za posledni dekadu se
priumérny ¢as 300 nejlepsich maratonskych zavodnic zlepsil priblizné o 4 %, zatimco pramérny cilovy
¢as rekrea¢nich bézkyn se naopak podstatné zhorsil. Na zékladé téchto udaju predpokladéame, ze
rostouci ucast Ceskych Zen v maratonech vyznamné prispiva k dynamickému rozvoji discipliny na
naSem tzemi v poslednich deseti letech.

Elitni maratonské vykony pfedstavuji jedinou oblast, kde trend nevykazuje zlepSeni, ale mirny
pokles. Domnivame se, Ze mirny pokles trendu elitnich vykontu Zen CR v maratonu je zptsoben
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predevsim rychlym nartstem vykonnosti v prvnich letech zédvodéni a nésledné vyraznéjsim poklesem
vykont v poslednim roce. Nicméné celkové doslo za posledni dekddu k nartastu vykonnosti s maximem
v roce 2024. Proto je tfeba tento udaj interpretovat s opatrnosti.

Vypada to, ze b&h na 100 m stéle jesté nabizi prostor pro zlepSeni vykont ¢eskych zen. Podle naseho
nazoru je klicem k tomuto zlepSeni predevsim systematicka prace s mladezi a talenty, stabilni finanéni
podpora, kvalitni tréninkové zazemi a vyuziti modernich technologickych inovaci. S ohledem na kratky
vyvoj zenského maratonu, jeho rostouci popularitu, zvysujici se pocet zéavodnic a technologické inovace
se nam jevi maraton jako disciplina s vysokym potencidlem pro dalsi zlepSovani vykonu ¢eskych Zen.
V ramci naseho vyzkumu jsme shledali podstatné rozdily v kvalité a ¢etnosti §irsi vykonnostni zakladny
mezi disciplinami. Lze tedy predpokladat, Ze rostouci pocet zavodnic v maratonu se projevi ve zlepSeni
vykont §irsi vykonnostni zakladny.

Limitace prdce
P1i interpretaci vysledku je tfeba brat v iivahu nékolik omezeni:

1. Pro porovnani vyvoje vykonnosti mezi §ir§imi vykonnostnimi zakladnami obou disciplin jsme sta-
novili pocet 15 zavodnic. Skutecna site zakladny se vSak mezi disciplinami lisi.

2. Porovnavani disciplin zacalo od data, kdy jsou zaznamenany prvni vykony ¢eskych Zzen v maratonu,
a nezohlednili jsme rany vyvoj béhu na 100 m.

3. Pro srovnani vykont mezi disciplinami jsme vyuzili Mad'arské bodovaci tabulky, jejichZz pFepocet
nemusi dokonale odrazet relativni troven vykonu obou disciplin. Nenasli jsme vhodné&jsi zpiisob,
jak vykony prevést na jednotnou veli¢inu.

4. Ru¢ni pfepis vykoni s sebou nese potencialni riziko vzniku chyb, tato skutecnost byla vsak kom-
penzovana naslednou kontrolou vsech dat.

5. Na rozdily ve vykonnosti mohly mit vliv také specifika jednotlivych disciplin, napfiklad naro¢nost
disciplin, vliv pocasi ¢i rozdilny pocet zavodnich piilezitosti béhem sezony.

Zaveér

Porovnani vykonnostnich trendi v béhu na 100 m a maratonu Zen v CR ukézalo odlisny charak-
ter vyvoje obou disciplin. Presto analyza korelaci prokazala, ze vykonnostni kiivky mezi disciplinami
vyznamné koreluji na trovni elitnich zavodnic (r = 0,393; rkrit = 0,279) i $irsi vykonnostni zakladny
(r = 0,725; rkrit = 0,291), zatimco v ramci subelitni skupiny nebyla vyznamna korelace zjisténa
(r = 0,207; rkrit = 0,291). Sprint vykazuje stabilni a pozvolné rostouci vykonnost napfi¢ elitnimi
i 8irs$fmi skupinami zavodnic, zatimco maraton je charakterizovin vyraznou meziro¢ni variabilitou
a kolisavymi vysledky. Rozdily mezi disciplinami pravdépodobné souvisi s historicky pozdnim za-
¢lenénim zen do maratonu, vyssi fyziologickou naro¢nosti vytrvalostniho zévodu a odlisnym poctem
zavodnich piilezitosti. Posledni dekdda vSak ukazuje vyrazny vzestup vykonil v Zenském maratonu,
zejména u subelity a $irsi vykonnostni zdkladny, coz postupné snizuje vykonnostni rozdily mezi dis-
ciplinami. Budouci vyvoj vykonu bude s nejvétsi pravdépodobnosti zaviset na rastu poctu zavodnic,
kvalitnim tréninkovém zazemi a technologickych inovacich.
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Abstract

This study examines the ethical problem of fair opportunity in sport, using the Czech endurance-
strength competition Steel Man (in Czech Ocelovy mu?) as a case study. The event, founded in 1999
by Karel Vydra, combines five disciplines — pull-ups, sit-ups, bench press repetitions, a 5 km run, and
a 40 km cycling time trial. It involved 40-70 participants per year, including men, women, and juniors.
In 2017, the organisers introduced a new scoring system with recalculations based on age, sex, and
body weight to achieve greater fairness. Archival records, scoring tables, and official results from 1999
to 2019 were examined through a conceptual-ethical analysis. The findings indicate that frequent mid-
season rule changes and unclear coefficients produced inconsistent results, participant dissatisfaction,
and declining attendance, culminating in the end of the national cup format after 2018. This paper
provides a conceptual and ethical analysis of this case, demonstrating how the pursuit of fairness
became self-defeating and outlining guidelines for sustainable fairness in similar competitions. The
study concludes with recommendations for sustainable procedural fairness grounded in transparent,
stable rules complemented by empirically validated compensatory mechanisms.

Keywords: equality in sports ethics; equality of opportunities; deontology; consequentialism; case
study; Steel Man

Souhrn

Tato studie se zabyva etickym problémem spravedlivych prilezitosti ve sportu na piikladu ¢eské
celorepublikové vytrvalostné-silové soutéze Steel Man (Cesky Ocelovy muz). Soutéz, zaloZzena v roce
1999 Karlem Vydrou, kombinuje pét disciplin — shyby, sedy-lehy, bench press na pocet opakovani,
béh na 5 km a cyklistickou ¢asovku na 40 km. Kazdoro¢né se ji tcastnilo 40-70 zavodniki véetné
muzi, Zen a juniori. V roce 2017 zavedli organizatoii novy bodovaci systém s pfepocty podle véku,
pohlavi a télesné hmotnosti s cilem dosdhnout vétsi spravedlnosti. Archivni zaznamy, bodovaci tabulky
a oficidlni vysledky z let 1999-2019 byly zkoumény v ramci koncepcéné-etické analyzy. Zjisténi ukazuji,
7e Casté zmeény pravidel béhem sezény a nejasné koeficienty vedly k nekonzistentnim vysledktm,
nespokojenosti ucastnikia a poklesu ucasti, coz vyustilo v ukonéeni poharového formatu soutéze od
roku 2018. Tento ¢lanek nabizi konceptuélni a etickou analyzu daného pfipadu a ukazuje, jak se
snaha o spravedlnost stala sebeznicujici, zaroven vSak nacrtava voditka pro udrzitelnou spravedlnost
v obdobnych soutézich. Studie se uzavird doporuc¢enimi pro udrzitelnou proceduralni spravedlnost
zaloZenou na transparentnich a stabilnich pravidlech, doplnénych empiricky ovéfenymi kompenzac¢nimi
mechanismy.

Klicova slova: rovnost prilezitosti v etice sportu; deontologie; konsekvencialismus; pripadova studie;
Ocelovy muz

Introduction
Fairness and equality of opportunity belong among the foundational normative principles of sport.
In its ideal form, sporting competition presupposes that outcomes depend primarily on relevant athle-
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tic qualities—such as effort, skill, endurance, and perseverance—rather than on arbitrary or morally
irrelevant factors. In practice, however, sport is unavoidably confronted with human diversity. Dif-
ferences in age, sex, body composition, or physical predispositions raise persistent questions about
how equality of opportunity should be understood, operationalised, and justified (Haméldinen, 2012;
Loland & McNamee, 2000).

One influential response to these challenges has been the increasing use of compensatory mecha-
nisms and recalculation models. Age grading, weight coefficients, or category-based adjustments aim
to produce fairer comparative outcomes by correcting for systematic inequalities. While such mecha-
nisms are well established in some sports, they also introduce new ethical tensions, particularly in
amateur and grassroots contexts, where transparency, stability of rules, and shared understanding
among participants play a crucial role in sustaining legitimacy and trust.

This paper examines these tensions through a qualitative ethical case study of the Czech endurance-
strength competition Steel Man (Ocelovy muz). Founded in 1999 as a local all-round endurance
challenge, the competition evolved into a national cup series before undergoing a radical reform of
its scoring system in 2017. The reform introduced complex recalculations based on age, sex, and
body weight with the explicit aim of increasing fairness and inclusivity. Paradoxically, these changes
contributed to rule instability, participant confusion, and a rapid decline of the competition.

The central aim of this study is not merely to document the historical trajectory of the Steel
Man competition, but to analyze the ethical logic underlying the reform and its consequences. Using
deontological and consequentialist frameworks, the paper argues that the pursuit of outcome-based
fairness, when insufficiently constrained by principles of rule stability and transparency, can undermine
the very conditions that make fair competition possible. In this sense, the Steel Man case contributes
to broader debates on the limits of mathematical compensation, the algorithmization of fairness, and
the moral foundations of amateur sport.

Methods

This study adopts a qualitative, conceptually oriented case study design (Priya, 2021; Yin, 2018).
The case study approach is particularly suitable for examining normative and ethical questions em-
bedded in specific institutional and historical contexts, where the aim is not statistical generalization
but analytical insight.

Our analysis is based on a factual comparison of the two scoring systems and follows a conceptual-
ethical framework (Loland, 2007, 2024; Mindrescu et al., 2024) applied in sports. The factual com-
ponent concerning the enumeration of particular rule changes is intentionally reduced. Although this
article does not present an empirical output, it rests on exact and verifiable historical data. A sepa-
rate qualitative study exploring competitors’ opinions and attitudes toward the scoring system would
undoubtedly be valuable but would require a different research design.

The main method of this study, therefore, is the analysis of selected elements of the conservative
and innovative models through two ethical approaches — deontological and consequentialist. The focus
is directed toward the value foundations of specific processes and the perspectives through which
the issue of equal opportunities can be viewed. This includes the search for a balanced model that
respects theoretical premises, remains ethically sound, and at least minimally meets criteria of practical
applicability.

Data Sources and Selection
The analysis draws on multiple types of material related to the Steel Man competition
(ocelovymuz.cz, 2025) between 1999 and 2019. These include:

e archived versions of competition rules and scoring systems from different years,

e official results databases and publicly available rankings,

e internal organizational documents and scoring tables,

e media reports, interviews, and online archival materials published on the competition’s official
website.
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The selection of sources was guided by their relevance to changes in rule design, scoring logic,
and category structure. Priority was given to official and publicly accessible documents that directly
informed participant understanding of the competition rules.

Analytical Framework

The analysis is structured around two complementary ethical frameworks: deontological and con-
sequentialist reasoning. Rather than applying formal qualitative coding procedures, the study employs
theoretically informed analytical criteria, derived from core principles of sports ethics.

Deontological Interpretation: Stability and Procedural Justice

Deontology, rooted in Kant’s Metaphysics of Morals, is understood as the doctrine of duty. From
a deontological standpoint, the ethical legitimacy of a sport competition depends on the stability,
universality, and transparency of its rules (Kant & Denis, 2017). The moral worth of an act lies not in
its consequences but in adherence to duty and fairness (Freeman, 2007). Synthesising key deontological
perspectives, five central principles emerge:

1. Predictability — enables moral responsibility and autonomy of action. Kant insists that an act
must follow a principle that could serve as a universal law. If the rules of play or competition are
changeable or unpredictable, rational and autonomous action becomes impossible (Kant & Denis,
2017).

2. Transparency — ensures legitimacy and trust. Following John Rawls’s “veil of ignorance,” ru-
les must be acceptable to all, regardless of their position. Transparency guarantees equal access to
information and fair consent (Freeman, 2007).

3. Comprehensibility — allows rational understanding and consensus. Habermas views moral norms
as valid only if they are the result of rational discourse in understandable language (McCarthy, 1988).

4. Equality of Conditions — secures respect for every participant as an end, not a means. For
Kant, this is respect for human dignity; for Rawls, it translates into the principle of fair opportunity—
competition is just only if everyone has a comparable chance to succeed.

5. Consistency (Internal Coherence) — maintains the stability and moral binding force of the system.
Principles such as equality and transparency must be applied continuously and coherently; otherwise,
rules lose their moral authority (Rawling, 2023).

Consequentialist Interpretation: Outcomes, Utility, and Inclusion
Consequentialism assesses moral correctness based on outcomes — whether an action or rule pro-
duces greater good, justice, or satisfaction for all concerned. Four main principles apply here:

1. Utilitarian Principle — maximises overall good. Following Bentham, the moral value of a decision
depends on its total positive and negative impacts (Eggleston et al., 2010; Miiller-Schneider, 2022).

2. Egalitarian Principle — promotes equality of outcomes and reduces unjust disparities (Bradley
& Fleurbaey, 2021; Zwolinski & Ferguson, 2022).

3. Communitarian Principle — strengthens cohesion and mutual trust (Hiyry, 2021; MacIntosh
& Burton, 2025; McNamee et al., 2021). Sport is a moral community, and its rules must enhance
solidarity and respect.

4. Pragmatic Principle — demands empirical verification and accountability. Ethical reforms are
hypotheses about outcomes; if their effects are untested, moral responsibility for consequences is
lacking (Tweedy & Vanlandewijck, 2011).

Historical comparison between the pre-reform period (1999-2016) and the reform period (2017)
serves as the main analytical strategy.

Author Positionality and Reflexivity

The author participated in the Steel Man competition between 2008 and 2021. This involvement
provided direct experiential insight into the practical functioning of the rules but also entails a risk
of interpretive bias. To mitigate this risk, the analysis relies primarily on archived rule documents,
official results, and publicly available data rather than on personal recollection. Interpretative claims
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are grounded in documented changes to rules and their observable consequences, allowing readers to
assess the plausibility of the ethical interpretation independently.

Historical Background

The Steel Man competition began in 1999 in the town of Zebrak as a local strength-endurance
challenge. By 2003, it had developed into a national cup with several host cities. Throughout its
history, it remained a pentathlon comprising five disciplines: pull-ups (or static hold), sit-ups, bench
press repetitions, a 5 km run, and a 40 km cycling time trial. All subsequent information is based on
the results service and archive available at www.ocelovymuz.cz.

From 2001 to 2016, the rules were relatively stable. The bench press load was slightly adjusted
over time — one main load and (from 2010 also for women), an auxiliary load intended for endurance
athletes and awarded fewer points. The following table summarises the weights used and illustrates
the contrast in 2017.

Tabulka 1./ Table 1.
Hmotnost ¢inky pro bench press v rizngch obdobich (zdtéZ v kg)./ Bench press load across competition
periods (in kilograms).

Category/ Men Women
Period Men (auxiliary load) Women (auxiliary load)
1999-2009 65 50 25 -
2010-2013 65 50 32.5 25
2014-2016 70 50 35 25
2017 20-40-60-80 - 20-40 -
2018-2025 65 - 30 -

Age categories provided a clear framework, and overall rankings within each category were unambi-
guous. Between 1999 and 2016, minor rule adjustments also affected the execution of certain disciplines
(pull-ups, bench press, sit-ups). These refinements primarily specified technique. Women competed in
the same disciplines as men, though their scoring differed. Until 2009, points were assigned by a simple
coefficient (1 pull-up = 5 points, 1 bench press = 3 points, 1 sit-up = 1 point). From 2010 onwards,
scoring tables modelled on the decathlon were introduced, though the overall structure remained
stable.

It continued to function as a cup-style series held at multiple venues across the Czech Republic.
The organising group led by Martin Svoboda (an organizer of BartoSovice event) was particularly
active, introducing several rule innovations. A major contribution was the establishment of a group of
referees who ensured uniform judging standards across all events, replacing the earlier system where
each organiser appointed their own judge. The competition also benefited from increased promotion
on social media, especially from 2016 onward.

A fundamental change occurred in 2017. That year featured four cup events. While the expanded
choice of bench-press weights (20-40-60-80 kg) represented one modification, the key change was
the introduction of a coefficient system designed to equalise performances across age and gender.
Categories were partly abolished, and each discipline was scored in a single unified table.

For bench press, the coefficient incorporated body weight, age, sex, and load; for pull-ups, body
weight, sex, and grip type (underhand/overhand); for sit-ups, age and exercise type (classic or CrossFit
style); and for endurance events (running and cycling), age-adjusted times were used as final. Individual
discipline results were compiled into one table across all participants, though total rankings were still
separated by sex.

Further changes were implemented during the season — for instance, the CrossFit sit-up (with
a higher coefficient) was introduced only from the second race in Ji¢in, and not in the opening race
in TiSnov.

A key precedent occurred at the third race in Ostrava, when two high-performing male competitors
(A and B) exploited a loophole in the bench press rule. The 20 kg barbell, originally intended for
juniors and women, was not explicitly restricted. Both athletes performed exactly 1,000 repetitions,
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an extreme figure unanticipated by the scoring system. The best athlete using the 80 kg bar in that
event completed 21 repetitions, earning 864 points. Yet, due to recalculated coefficients for age and
body weight, the two 20 kg performances (A and B) yielded 1,714 and 1,635 points respectively —
mathematically outscoring all realistic performances. The organisers had to keep the results which
undermined the credibility of the event.

These inconsistencies, combined with frequent rule changes and the Ostrava “loophole incident,”
led to a split between founder Karel Vydra’s conservative group and the reformers led by Martin
Svoboda. In 2018, Vydra reinstated the original system, while the innovative group withdrew from
further organisation.

The competition never recovered its former cup structure. Only three independent races were held
in 2018 and two in each of the following years (2019-2025). The Steel Man retains its historic tables,
legends, and statistics, yet its national-cup era effectively ended in 2017.

External factors such as organiser ageing, the COVID-19 pandemic (2020), and changing social
preferences also influenced this decline. Still, the events of 2017 remain the pivotal moment. The
Steel Man thus serves as a model case for examining how ideals of equality in sport interact with
organisational practice and ethical rule-making.

Results

The following two tables present the deontological and consequentialist perspectives on the Steel
Man competition by comparing the competition systems from 1999-2016 and from 2017. Through
the prism of five deontological principles and four consequentialist aspects, the functioning of both
systems and their impacts on participants are briefly evaluated.

Tabulka 2./ Table 2.
Deontologicky pohled na oba systémy.,/ Deontological view of both systems.

Principle Original System (1999-2016) Reformed System (from 2017)
Rules were long-term and Frequent changes and unclear
Predictability stable; competitors could plan coeflicients reduced trust and
within a clear framework. predictability.
Transparency Simple rules and publicly Compensatory formulas were
available tables; easy to verify.  not fully published or explained.
. Complex formulas caused
- Clear structure; required no .
Comprehensibility confusion even among

Equality of Conditions

Consistency

expert knowledge.

All competed under identical
measurable criteria.

Disciplines formed a coherent
whole
(strength—endurance-resilience).

experienced athletes.
Coefficients aimed to equalise
differences but created new
disparities.

Diverse calculation principles
disrupted systemic coherence.

The 2017 reform, though motivated by fairness, can be interpreted as violating the implicit ca-
tegorical tmperative of sporting fairness: to treat all competitors under the same rule at the same
time.

The “loophole incident” in Ostrava demonstrated the fragility of procedural ethics. Generally,
it appears when rules lack clarity (Skelrbié7 2021). Participants who exploited the system acted in
accordance with its letter but violated its spirit (Reid, 2023) — a moral failure despite formal compliance
(Imbrisevi¢, 2024).

115



Tabulka 3./ Table 3.
Konsekvencialisticky pohled na oba systémy./ Consequentialist view of both systems.

Aspect Original System (1999-2016) Reformed System (from 2017)
The competition fostered joy, Confusion and dissatisfaction
Utilitarian (overall good) respect, and a sense of reduced participation and
belonging. benefit.
Egalitarian (distribution Slmple perfo?mance. metrics Corr.lpensatilo.ns introduced new
perceived as fair despite natural inequalities and unclear
of good) .
differences. advantages.
Communitarian (trust Stable tradition and respect Reform divided the community,
and cohesion) reinforced community bonds. raising disputes about fairness.
Pragmatic (empirical Rules tested by long-term Reform 1.ntroduced Wlt.hout pilot
. . . testing or evaluation of
verification) experience.
outcomes.
Discussion

The Steel Man case illustrates a broader ethical tension inherent in contemporary sport governance:
the conflict between rule-based fairness and outcome-oriented compensation. While compensatory me-
chanisms aim to correct systematic inequalities, they simultaneously risk undermining the normative
foundations of competition if they become opaque, unstable, or excessively complex.

Comparable mechanisms can be found across a wide range of sports. Age grading in running,
the Sinclair coefficient in weightlifting, classification systems in Paralympic sport, or scaling rules in
CrossFit all attempt to reconcile diversity of participants with meaningful comparison of performance.
These systems demonstrate that mathematical compensation is not inherently incompatible with
fairness. However, their legitimacy depends on long-term stability, transparency, empirical validation,
and broad acceptance by participants.

Philosophically, the 2017 reform was motivated more by consequentialist than deontological rea-
soning. Consequentialism evaluates moral correctness through outcomes — whether welfare, justice,
and inclusion are maximised (Singer, 2011). In theory, adjusting results by age, sex, or body weight
might have improved fairness by recognising diversity. In practice, the reform produced the opposite:
confusion, declining motivation, and reduced participation — an overall utilitarian failure. Mechanisms
of fairness that diminish transparency and trust yield negative utility even when intended to promote
equality.

Thus, consequentialist and deontological analyses converge: ethical intentions are insufficient if
institutional arrangements lead to harmful consequences.

This case therefore raises a meta-theoretical question central to sports ethics:

Can fairness in sport be meaningfully reduced to algorithmic correction without losing
the ethos of competition? The Steel Man experience suggests that fairness is not solely a technical
problem but a shared moral practice sustained by stable rules, mutual trust, and participant consent.
Mathematical models may support fairness, but they cannot replace the normative role of rules as
publicly intelligible commitments.

Contemporary sport ethics (Loland, 2006; Torres & Lopez Frias, 2023) indicates that sustainable
fairness must integrate both perspectives — rule-based and outcome-based. Three practical principles
follow:

1. Transparent core rules — simple, unchanging principles throughout the season (deontological).

2. Empirically tested compensations — coefficients used only when statistically validated and clearly
communicated (Tweedy & Vanlandewijck, 2011).

3. Participatory governance — involving both organisers and competitors in rule revisions to ensure
legitimacy and shared understanding (Hardman & Jones, 2011).

As emphasised by leading sport ethicists (Loland, 2007; Morgan, 2025; Simon et al., 2018), susta-
inable sport ethics must unite normative stability (deontology) with practical outcome evaluation
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(consequentialism). The Steel Man exemplifies how the pursuit of result equality can threaten the
very fairness of play.

An ethically sustainable model should therefore preserve five deontological principles (stability,
transparency, clarity, equality, consistency) while integrating four consequentialist ones (utility, equa-
lity of outcomes, community trust, empirical verification). The Steel Man case thus illustrates the
paradox of fairness: the attempt to perfect equality of outcomes can destroy the fairness of the game

itself.

Tabulka 4./ Table 4.

Minimdlni etickd kritéria pro kompenzacni systémy v amatérském sportu./ Minimum Ethical Criteria

for Compensatory Systems in Amateur Sport.

Criterion

Ethical rationale

Practical implication

Rule stability

Transparency

Comprehensibility

Resistance to exploitation

Empirical validation

Equality of formal
conditions

Participatory legitimacy

From a deontological
perspective, fairness
presupposes predictability and
temporal consistency of rules.
Frequent changes undermine
moral legitimacy.
Fairness requires that
participants can understand
how results are calculated and
on what normative assumptions
the system rests.

Rules that cannot be reasonably
understood fail to meet the
conditions of informed consent.
Ethical rule design must
anticipate strategic behavior
and prevent systematic
loopholes.
Consequentialist justification
depends on demonstrable
effects, not intentions.

All participants must be subject
to the same procedural
framework, even when outcomes
are adjusted.

Fairness in sport is a shared
normative practice, not merely
a technical solution.

Compensation formulas should
remain unchanged within and
preferably across seasons;
revisions must be announced
well in advance.

All formulas and coefficients
must be publicly available and
explained in accessible language.

Avoid excessively complex or
opaque algorithms; provide
worked examples.

Pilot testing and stress-testing
of scoring systems before
implementation.

Use historical data to simulate
outcomes and assess distortions
prior to adoption.

No ad hoc exceptions or
retroactive corrections during
the season.

Involve athletes and organizers
in consultation before
introducing reforms.

Conclusion

The ethical analysis of the Steel Man competition shows how easily fairness may be lost when the
pursuit of outcome equality outweighs rule integrity. From a deontological perspective, the original
system (1999-2016) maintained moral legitimacy through stability, transparency, clarity, equality of
conditions, and consistency. These principles ensured predictability and mutual trust — the cornersto-
nes of moral autonomy and respect among participants.

The 2017 reform, though motivated by inclusion, undermined these normative foundations. Frequent
changes, opaque coeflicients, and inconsistent application eroded both moral clarity and perceived
fairness. From a consequentialist viewpoint, the reform failed to achieve its ethical aim: instead of
increasing fairness, it reduced collective good, produced new inequalities, and fractured community
cohesion.
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Sustainable sport ethics requires balancing normative stability with practical evaluation of con-
sequences. Rules must remain universal and transparent yet flexible enough to reflect empirical insight
and contextual change.

This case study contributes to sport ethics by illustrating the limits of algorithmic approaches to
fairness in amateur sport. Mathematical compensation may support inclusivity, but it cannot substi-
tute for the ethical role of rules as publicly intelligible commitments that structure fair competition. As
summarized in Table 4, compensatory systems must meet minimal ethical criteria — stability, transpa-
rency, comprehensibility, resistance to exploitation, empirical validation, and participatory legitimacy
— if they are to enhance rather than erode fairness.

More broadly, the Steel Man case highlights that fairness in sport is not merely a technical problem
to be solved by increasingly sophisticated models. It is a shared moral practice sustained by trust,
mutual recognition, and the willingness of participants to accept common rules as binding. Sustai-
nable sport governance therefore requires a careful balance between deontological principles of rule
integrity and consequentialist evaluation of outcomes. Without this balance, well-intentioned reforms
risk undermining the very ethos of competition they seek to protect.
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VLIV SUPLEMENTACE KREATINU NA KRATKODOBOU PAMET A
INTERPRETACI GYMNASTICKYCH PRVKU U REKREACNICH
SPORTOVCU (PILOTNI OVERENT)

THE EFFECT OF CREATINE SUPPLEMENTATION ON SHORT-TERM
MEMORY AND INTERPRETATION OF GYMNASTIC ELEMENTS IN
RECREATIONAL ATHLETES (PILOT STUDY)
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Karlova Univerzita, Pedagogické fakulta, Katedra télesné vychovy

Abstract

This pilot study aimed to evaluate the effect of a seven-day creatine or placebo supplementation on
the interpretation and execution of gymnastic elements among healthy recreational athletes (n = 10,
age: 22-25 years). During both the pre-test and post-test sessions, participants were given one minute
to study ten described and printed gymnastic floor elements. They were then asked to verbally recall
the elements and immediately perform them. Between the two testing sessions, participants supple-
mented daily with either 20 mg of creatine (n = 5) or a placebo—maltodextrin (n = 5). No significant
differences were observed between the control and experimental groups during the pre-test. In the post-
test, there were no statistically or practically significant differences in the number of recalled elements.
However, the number of executed elements showed a statistically significant improvement (p < 0.05)
in the creatine group compared to the control group. The practical significance (Cohen’s d = 0.73)
indicated a medium effect size. Seven-day creatine supplementation positively influenced the execution
of gymnastic positions and elements but did not enhance their memorization.

Keywords: dietary supplements; creatine; memory; gymnastics

Souhrn

Pilotni ovéreni vlivu sedmidenni suplementace kreatinem nebo placebem na interpretaci gym-
nastickych prvki u skupiny zdravych rekrea¢nich sportovei (n = 10, vék: 22-25 let). Pfi vstupnim
i vystupnim testovani probandi jednu minutu studovali deset popsanych a vytisténych gymnastic-
kych prvki na prostnych, které nasledné vyjmenovali. Po vyjmenovéani ihned prvky realizovali. Mezi
vstupnim a vystupnim testem probandi sedm dnd suplementovali 20mg kreatinu (n = 5) nebo pla-
ceba — Maltodextrin (n = 5). U vstupniho testovani nebyly zjistény zadné signifikantni rozdily mezi
kontrolni a experimentélni skupinou. V ramci vystupniho testu nebyly zjistény statisticky ani vécné
vyznamné rozdily v po¢tu vyjmenovanych cvikl. V poctu realizovanych prvki u vystupniho testu byl
zjistén statisticky vyznamny (p<0,05) rozdil vlivu kreatinu oproti kontrolni skupiné. Vécna vyznam-
nost (Cohenovo d: 0,73) pro pocet realizovanych prvkia byla na hodnoté stfedniho efektu. Sedmidenni
suplementace kreatinu méla efekt na pocet realizovanych gymnastickych poloh a prvki, nikoliv na
jejich zapamatovani.

Klic¢ova slova: dopliiky stravy; kreatin; pamét; gymnastika

Introduction

The market offers a wide array of dietary supplements that claim to enhance athletic performance.
For the purpose of this study, creatine monohydrate (CrM) was selected due to its popularity among
athletes and its proven efficacy in numerous publications (e.g., Cooper et al., 2012; Escalante et al.,
2022). Buford et al. (2007) report positive effects of CrM on both physical and mental performance.
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Regular use of CrM can improve strength and anaerobic capacity (Cooper et al., 2012), and it is also
used as a supplement in conventional medical treatments (Kreider & Stout, 2021).

CrM is widely available in sports nutrition stores and is relatively inexpensive compared to other
forms of creatine (Cooper et al., 2012). Its price is determined by the fermentation of carbon- and
nitrogen-containing raw materials, followed by isolation and purification. The final product is obtained
through crystallization and drying, resulting in a powdered form (Castoldi et al., 2020).

Given these factors, CrM is a commonly preferred choice among athletes seeking an effective
supplement for performance enhancement and muscle recovery (Wax et al., 2021). According to Kreider
& Stout (2017), athletes use creatine not only as a short-term performance booster but also as a regular
part of their training regimen.

CrM is well tolerated and considered a safe dietary supplement (Kreider & Stout, 2017). When
taken in recommended doses, no serious side effects have been reported, even among pregnant women
(Guingand et al., 2020). Only minimal information has been published regarding potential adverse
effects of CrM supplementation. Athletes often consume up to 20 g/day for several days, followed by
5 g/day for weeks or months (Turner et al., 2015). Users typically report no adverse effects, except
for weight gain. In studies involving football players who took creatine or placebo during training,
no increased incidence of cramps was observed in the experimental group compared to the control
group (Williams et al., 1999). Some healthy participants in relevant studies reported gastrointestinal
issues and muscle cramps. Smith et al. (2023) state that controlled studies have not found conclusive
evidence linking creatine supplementation to muscle dysfunction. For athletes, it is important to ensure
adequate intake of water and electrolytes, as these are likely the most common causes of muscle cramps.

For the purposes of this research, short-term memory is defined according to James (1890). Mc-
Morris et al. (2017) suggest that creatine supplementation may increase brain creatine stores, con-
tributing to improved memory, particularly in older adults. Rae et al. (2003) investigated the effects
of creatine on cognitive functions, especially working memory and abstract reasoning in vegetarians.
Oral creatine supplementation over six weeks had a statistically significant (p < 0.05) positive effect
on working memory, as measured by Raven’s Advanced Progressive Matrices, which require rapid in-
formation processing. These findings suggest that creatine may positively influence processes related
to thinking speed and mental agility.

Gymnastics is a complex and technically demanding sport that requires a high level of coordi-
nation, balance, and flexibility (Leone et al., 2017). These demands make gymnastics an ideal sport
for studying the impact of movement on neuroplasticity. Floor routines consist of a series of elements
performed on a specially sprung 12x12 meter surface without any apparatus (FIG, 2025). These
routines combine acrobatic, dance, jump, turn, and balance elements, performed with musical accom-
paniment in women’s categories. In men’s categories, music is not used, and routines focus more on
strength skills and technically challenging acrobatic elements. The most commonly used elements in
floor routines include various combinations of handsprings, somersaults, jumps, and turns, smoothly
connected to demonstrate the difficulty and appeal of the performance (CGF, 2017).

Objectives

A pilot study to verify the effect of seven-day creatine monohydrate (CrM) supplementation (dose:
20 grams/day) on short-term memory through verbal recall and subsequent execution of gymnastic
positions and elements in a floor routine among recreational athletes.

Methodology

The effect of CrM on the memorization of gymnastic positions and elements was examined using
a randomized, single-blind, placebo-controlled experiment.

Participants: a homogeneous group of physically fit students (n = 10, age: 2225 years) from the
Faculty of Education, Charles University (PedF UK). Participants were randomly assigned using the
“first—second” method into an experimental group (n = 5), which received powdered CrM, and a control
group (n = 5), which received a placebo identical in appearance, taste, and texture (maltodextrin).
Only the study authors were aware of group assignments. Participation required completion of course
requirements in gymnastics within the Physical Education and Education program at PedF UK.

The study was approved by the Ethics Committee of the KTV PedF UK on September 2, 2024
(ref. no. 17/2024). At the beginning of the study, participants’ health eligibility was verified, and
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they were informed about the research procedure, signing an informed consent form. They were also
instructed to immediately report any adverse effects of CrM supplementation or other health issues
to the principal investigator and/or their physician.

During both the pre-test and post-test, participants studied printed examples of gymnastic positi-
ons and elements for one minute: standing position, kneeling, straddle stance, forward roll, dive roll,
handstand, shoulder stand, backward roll, round-off, and cartwheel (Havel & Hnizdil, 2010). After one
minute, each participant was asked to verbally recall all ten positions and elements in the given order.
Immediately after listing the last remembered element, they performed the positions and gymnastic
elements on the floor.

Assessment focused on correctly recalling the specified positions and elements in the exact order
presented in the printed material. The evaluation of the gymnastic routine was based on the number
of elements performed correctly and sequentially, ending when the participant could no longer con-
tinue with the next listed element. Execution technique was not assessed. These procedures ensured
consistent evaluation of memory performance across all participants.

In accordance with Turner et al. (2015), participants consumed 20 grams of CrM or placebo (malto-
dextrin) each morning for seven days. Compliance was monitored via SMS and follow-up questioning
during the post-test. The same gymnastic positions and elements were used in the post-test but
presented in a different order.

To assess differences between groups and between pre- and post-tests, a paired t-test and Cohen’s d
were used, with effect sizes defined as 0.2 (small), 0.5 (medium), and 0.8 (large) (Hendl, 2004).

The research was supported by the Cooperatio project at PedF UK.

Results

The pilot study was conducted in accordance with the planned design. None of the participants
reported any health issues or adverse effects during the week of CrM or placebo supplementation.

In the initial test involving verbal recall of gymnastic positions and elements, no practically signifi-
cant difference was found between participants who later supplemented with CrM or placebo (Cohen’s
d = 0.36), indicating a small effect. Statistical significance assessed by t-test also showed no significant
difference between groups (p > 0.05) (see Graph 1).

Graf 1./ Graph 1.
Vstupni testovdni — prvek/poloha, po kterém proband ukonéil vyjmenovdni gymnastickyjch poloh a proki
(P = placebo)./ Initial testing - exercise after which the proband completed the list of exercises

(P = placebo).
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In the second part of the initial test, which involved performing the listed positions and elements, it
became evident that combining movement and memory was considerably more demanding than verbal
recall alone. The practical significance of the number of correctly performed sequential positions and
elements, assessed by Cohen’s d, was 0.14, indicating a very small effect size between the experimental
and control groups. Statistical analysis (t-test) did not reveal a significant difference (p > 0.05).

These results confirm that both groups had comparable abilities during the initial measurement
in terms of recalling and performing the selected gymnastic positions and elements in the correct
sequence (see Graph 2).

Graf 2./ Graph 2.
Vstupni test — pocet interpretovangch gymnastickygch prvkid (P = placebo)./ Initial testing - number of
gymnastic elements performed (P = placebo).
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Graf 3./ Graph 3.

Vistupni testovdni — poloha/prvek, po kterém proband ukondil vyjmenovdni gymnastickgch poloh a proky
(P = placebo)./ Exit testing - exercise after which the proband completed the list of exercises (P = pla-
cebo).
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After seven days of CrM or placebo supplementation, all participants underwent post-test eva-
luation in the same gymnasium where the initial testing had been conducted. Prior to the start of
the test, each participant confirmed that they had taken their assigned supplement—either CrM or
placebo—every morning for the full seven-day period (see Graph 3).

During the post-test evaluation of short-term memory, assessed through verbal recall of gym-
nastic positions and elements, Cohen’s d was 0.00—indicating no practical effect between the groups.
This finding was further supported by the t-test, which showed no statistically significant difference
(p > 0.05). These results suggest that CrM supplementation had no impact on the memorization of
the specified elements compared to the placebo group (see Graph 4).

Graf 4./ Graph 4.
Vigstupni testovdni — pocet realizovanych gymnastickych cviki (P = placebo)./ Exit testing - number
of gymnastic elements performed (P = placebo).
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Tabulka 1./ Table 1.
Vysledky jednotlivgch icastniki v pre a post testu (P = placebo), zdkladni popisnd statistika./ Results
of Individual Participants in the Pre-Test and Post-Test (P = placebo), Basic Descriptive Statistics.

Pre-test Pre-test Post-test Post-test
Number of Number of Number of Number of

Probands/results  correctly correctly correctly correctly
listed performed listed performer
elements elements elements elements
Proband 1 4 7 7 6
Proband 2 4 5 6 4
Proband 3 6 8 7 7
Proband 4 4 4 6 b)
Proband 5 3 5 7 5
Proband 6 (P) 5 6 5 3
Proband 7 (P) 4 7 6 5
Proband 8 (P) 4 7 6 5
Proband 9 (P) 5 5 5 5
Proband 10 (P) 5 6 7 6
Average 4,40 6,00 6,20 5,10
SD 0,84 1,25 0,79 1,10
Variation range 1,00 2,00 1,00 0,75

In the post-test evaluation of gymnastic position and element execution, the practical significance
(Cohen’s d = 0.73) indicated a medium effect of creatine supplementation on neuroplasticity compa-
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red to the control group. Participants in the experimental group achieved a statistically significant
(p < 0.05) higher number of correctly performed positions and elements than those in the control
group. These findings suggest that the CrM-supplemented group demonstrated a more pronounced
improvement in the ability to accurately execute gymnastic positions and elements in the correct
sequence compared to the placebo group (maltodextrin).

Discussion

Throughout the pilot study, participants reported no adverse effects related to the daily supple-
mentation of 20 g of CrM. This positive finding aligns with previously published studies (Kreider et
al., 2017; Smith et al., 2023).

A possible explanation for the beneficial effects of creatine on memory lies in its role in energy pro-
duction within the brain. Creatine is essential for ATP synthesis, which serves as the primary energy
source for brain cells. Higher levels of creatine in the body lead to increased energy availability for
synaptic transmission, which may enhance cognitive function (Branch, 2003). The execution of gym-
nastic positions and elements tested short-term memory through movement, requiring the activation
of additional brain centres beyond those involved in verbal recall. This factor may have influenced the
test outcomes.

Given that this was a pilot study, the small sample size presents a limitation for generalizing the
results and increases the risk of random influences. Due to resource constraints, we were unable to
use advanced technologies (e.g., EMG, electrodes, or other devices measuring brain wave activity) for
a more precise assessment of CrM’s effects. The use of such equipment could provide deeper insights
into neural synapses and the degree of brain wave stimulation.

Another limitation was the absence of daily physical verification of morning CrM or placebo intake.
As aresult, we relied on verbal confirmation of correct timing. We attempted to mitigate this limitation
through ongoing communication with participants via SMS.

Upon reviewing the study design, we believe that more detailed participant guidelines during the
experiment could have improved the reliability of the results. For example, participants should have
been instructed to maintain adequate sleep, avoid excessive alcohol consumption, and refrain from
intense physical activity.

In this pilot study, participants supplemented with 20 g of CrM or placebo for seven days. The
duration was based on Turner et al. (2015), who investigated the effects of seven-day CrM supplemen-
tation on neuropsychological test performance in normoxic and hypoxic conditions. Rae et al. (2003)
supplemented 5 g of CrM or placebo for six weeks and found a positive effect on working memory
and intelligence. Hultman et al. (1996) reported that CrM levels return to baseline approximately five
weeks after supplementation ends.

Participant performance may also have been influenced by physical fitness, stress levels, and prior
experience with similar tasks. These potential confounding factors were minimized by requiring all
participants to have passed a gymnastics course that included a floor routine. None of the participants
had previously competed in gymnastics. During testing, we aimed to create a positive atmosphere
through verbal and nonverbal communication and motivation.

Conducting the pilot study with a heterogeneous group could have led to greater variability in
results. However, we believe the homogeneous sample provided more accurate outcomes. Participants
were tested individually, which contributed to the validity of the results and allowed for detailed
analysis of individual performance.

We selected the floor routine due to its coordination demands, making it an interesting model for
studying motor skills. The chosen gymnastic positions and elements were based on gymnastics litera-
ture (e.g., Havel & Hnizdil, 2010) and focused on key skills such as balance, coordination, strength,
and technical execution. Each element contributes to the technical proficiency required for success in
competitive gymnastics. The floor routine does not require specialized equipment, and the standard
gymnastics floor was replaced with a gymnastics carpet, facilitating the study’s implementation.

In evaluating the execution of positions and elements, we focused solely on correct sequencing.
Based on the study’s progression, we consider the selected positions and elements to be appropriately
chosen. Their suitability was confirmed in relation to the participants’ gymnastics abilities. It would
be interesting to assess the technical execution of the elements as well (FIG, 2025), for example by
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involving a gymnastics expert or judge, which would allow for the inclusion of performance quality in
the final evaluation.

This pilot study provides new insights into the effects of CrM on cognitive and motor perfor-
mance. The results suggest potential applications in optimizing training programs aimed at improving
performance in coordination-intensive sports. Future research could explore the effects of creatine
on cognitive functions in other contexts, such as its impact on processing complex music-movement
compositions or demanding movement patterns involving apparatus.

Conclusion

The aim of this pilot study was to determine whether CrM is a suitable dietary supplement for
enhancing memory, assessed through verbal recall and subsequent execution of a gymnastics floor
routine among recreational athletes (n = 10).

Initial results showed no significant differences between the experimental (n = 5) and control
groups (n = 5) in the number of recalled positions and elements or their execution (Cohen’s d = 0.36,
p > 0.05).

After seven days of morning supplementation with CrM (20 g/day) or placebo (20 g/day, maltodex-
trin), no significant difference was found in the number of recalled positions and elements. However,
members of the experimental group performed a statistically significantly higher number of positions
and elements than those in the placebo group (p < 0.05). The results demonstrated a medium effect
size (Cohen’s d = 0.73) of creatine on neuroplasticity compared to the control group in the number
of executed gymnastic elements.

The findings of this pilot study suggest that, with appropriate dosing, CrM may enhance athletic
performance in coordination-intensive sports.
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POKYNY PRO AUTORY PRISPEVKU

Casopis Pedagogické fakulty Jihoceské univerzity je urcen pro zverejhovani pavodnich vyzkumnych
studii, teoretickych studii, pfehledovych studii a predbéznych sdéleni, které souvisi s problematikou
kinantropologie. Akceptuje piispévky, které dosud nebyly publikované a nejsou piijaté k publikovani
v jiném Casopisu. VSechny texty prochéazeji recenznim fizeni a jsou posuzovany nejméné dvéma odbor-
niky. Recenzni fizeni je anonymni. Staté mohou byt publikovany v jazyce ¢eském, slovenském nebo
anglickém. Autor je zodpovédny za odbornou, jazykovou a forméalni spravnost prispévku. O zverejnéni
prispévku rozhoduje redakéni rada se zietelem na védecky vyznam a oponentské posudky.

Struktura prispévku predstavuje formalni a obsahové ¢lenéni v souladu s konvenci pro
vé&decké sdéleni.

1. Titulni strana obsahuje

(a) Nadpis (nazev prace) ma byt struény, vystizny, méa poskytovat jasnou informaci o obsahu ¢lanku.
Nema presahnut 10 slov, 80-85 znakt véetné mezer. Prvni se uvadi nazev prace v ¢eském jazyce, pod
nim v anglickém jazyce.

(b) Jméno autora (autorti) se uvadi bez titulii, v pofadi jméno (iniciala), pifjmeni, nap¥. R. Naul!, R.
Telama? & A. Rychtecky?. P¥ijmeni se v piipadé potieby opatii hornim indexem.

(c) Pracovisté autori se uvede v pofadi indexti, nap¥. !University of Essen, Sportpidagogik, 2Uni-
versity of Jyviiskyld, Faculty of Physical Education and Sport, *Univerzita Karlova, Fakulta t&lesné
vychovy a sportu, Katedra pedagogiky, psychologie a didaktiky TV a sportu.

(d) Abstract (kratky souhrn) se nejdiive uvadi v anglickém jazyce. Jasné stanovi cil, struény popis
problému, metody, vysledky a zavéry. Doporucuje se rozsah 100 az 200 slov (Word — panel nabidek —
Nastroje — Pocet slov). Nemé se opakovat nazev ¢lanku a nemaji se uvadét vSeobecné znama tvrzeni.
(e) Klicovd slova v angli¢tingé nemaji presdhnout 5 slov, doporucuje se pouzivat klicovéa slova platna
pro databazi CAB, fadi se od obecné&jsich ke konkrétnéjsim, navzajem se oddéluji stfednikem.

(f) Souhrn (neboli abstrakt) a klicovd slova v Ceském, resp. slovenském jazyce — plati stejna pravidla
jako pro abstrakt a klic¢ova slova v anglickém jazyce.

2. Dalsi strany

ive

(a) Uvod obsahuje nejnutnéjsi idaje k pochopeni tématu, kratké zdiraznéni, pro¢ byla prace uskuted-
néna, velmi struc¢né stav studované problematiky. Je mozné uvést citace autora vztahujici se k praci.
(b) Metodika (metoda) umoziuje zopakovani popsanych postupii. Podrobny popis metodiky se uvadi
tehdy, je-li ptivodni, jinak postacuje citovat autora metody a uvést pripadné odchylky. Zptisob ziskani
podkladovych dat se popisuje strucné.

(¢) Vysledky zahrnuji vécné, stru¢né vyjadieni vysledkt, zjisténi, nalezit a pozorovanych jevi. Vedle
tabulek se doporucuje pouzivat grafii. Graf neméa byt ,kopii" tabulky, ma vyjadiovat nové skutecnosti.
Tabulky maji shrnovat vysledky statistického vyhodnoceni. Popis vysledkii mé byt vécny, obsahovat
pouze faktické nélezy, nikoliv zavéry a dedukce autora.

(d) Diskuze vyhodnocuje zjisténé vysledky, konfrontuje je s literarnimi udaji, zaujima stanoviska, dis-
kutuje o moznych nedostatcich. Srovnava je s dfive publikovanymi tidaji, pokud maji s praci souvislost
(uvadeét jen autory, kteff maji k nové praci blizsi vztah). Vyzaduje-li to charakter prace, je mozné popis
vysledku a diskuzi spojit do jedné stati ,Vysledky a diskuze".

Pokud to autofi povazuji za ucelné, muze byt zafazen do piispévku zdvér. Zahrnuje zékladni
informace o materidlu a metodice, struéné vystihuje nové a podstatné poznatky. Je nekritickym infor-
madnim vybérem vyznamného obsahu prispévku, véetné hlavnich statistickych dat, nikoliv jen jeho
pouhym popisem. M4 byt psany celymi vétami (ne heslovité), neméa prekrocit 10 fadku.

Podle uvazeni autora je mozné na tomto misté uvést podékovdni spolupracovnikim.

(e) Literatura se uvadi pouze ta, ktera byla skuteénym podkladem pro napsani piispévku. Musi od-
povidat publika¢nimu manualu APA (7. vydani) a fadi se abecedné podle jména prvnich autort.

(f) Citace v textu Zdroj s jednim autorem: Dle Hlad'a (2019) nebo (Hlado, 2019), zdroj se dvéma
autory: Barrow a Keeney (2001) nebo (Barrow & Keeney, 2001), zdroj se tfemi a vice autory: Pen-
ninckx et al. (2015) nebo (Penninckx et al., 2015), odkaz na vice zdroji: (Horak, 2003; Kolar 1997,
1998, 1999; Novak, 2007), pfima citace: Barrow a Keeney (2001, s. 152) nebo (Barrow & Keeney, 2001,
s. 152).
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Schématické znézornéni hlavnich citaci:

e periodika (pravidelné vydavané zurndly, Gasopisy, sborniky apod.) = Autor, A., Autor, B., & Au-
tor, C. (1998). Nazev ¢lanku. Ndzev casopisu, rocnik(¢islo), stranky. DOL.

Scruton, R. (1996). The eclipse of listening. The New Criterion, 15(3), 5-13.

Wooldridge, M. B., & Shapka, J. (2012). Playing with technology: Mother-toddler interaction scores
lower during play with electronic toys. Journal of Applied Developmental Psychology, 33(5), 211-218.
http://dx.doi.org/10.1016/j.appdev.2012.05.005

Tti az 20 autoru: LeBoff, M. S., Chou, S. H., Murata, E. M., Donlon, C. M., Cook, N. R., Mora, S.,
Lee, I. M., Kotler, G., Bubes, V., Buring, J. E. & Manson, J. A. E. (2020). Effects of Supplemental
Vitamin D on Bone Health Outcomes in Women and Men in the VITamin D and OmegA-3 TriaL
(VITAL). Journal of Bone and Mineral Research, 35(5), 883-893. https://doi.org/10.1002/jbmr.3958
e neperiodika (knihy, monografie, sborniky, skripta, broZury, manuély, audio-vizualni média apod.)
= Autor, A. (1998). Ndzev dila. Vydavatel.

Rosenthal, R., Rosnow, R. L., & Rubin, D. B. (2000). Contrasts and effect sizes in behavioral research:
A correlational approach. Cambridge University Press.

Calfee, R. C., & Valencia, R. R. (1991). APA guide to preparing manuscripts for journal publication.
American Psychological Association.

e Cast z neperiodika (kapitoly ve sborniku, knize apod.) = Autor, A., & Autor, B. (1998). Néazev
kapitoly. In A. Editor, B. Editor, & C. Editor (Eds.), Ndzev knihy (pp. xx—xx). Vydavatel.

O’Neil, J. M., & Egan, J. (1992). Men’s and women’s gender role journeys: A metaphor for he-
aling, transition, and transformation. In B. R. Wainrib (Ed.), Gender issues across the life cycle
(pp. 107-123). Springer.

Herrmann, R. K., & Finkle, F. (2002). Linking theory to evidence in international relations. In
W. Carlsnaes, T. Risse, & B. A. Simmons (Eds.), Handbook of international relations (pp. 119-136).
Sage.

e kvalifika&ni prace = Autor, A. (2012). Ndzev prdce |Typ prace, Skola]. Nazev tloziste. URL
Vévoda, R. (2022). Vztah mezi sebehodnocenim trenéra a jeho svéfenci a svérenkyr v basketbale [Diplo-
mova prace, Masarykova univerzita|. Archiv zavére¢nych praci MUNI. https://is.muni.cz/th/v52br/
e webova stranka = Autor/autoii stranky. (Rok, den. mésic). Néazev stranky. Oficialni vydavatel
stranky. URL

Dohnal, R. (2017, 4. listopadu). Cesta k nepristrelnému zdravi: Jak zacit s otuZovdnim. 10041
zahrani¢ni zajimavost. https://www.stoplusjednicka.cz/cesta-k-neprustrelnemu-zdravi-jak-zacit-s-
otuzovanim

Do seznamu se zafazuji vSechny préce citované v textu, na prace uvedené v seznamu literatury
musi byt v textu odkaz. Pro citaci prispévku uverejnéného v tomto ¢asopisu se pouziva plnych nazvi.
U historickyjch textd je pozadovana piesnd citace (pf.: poznamka pod ¢arou).

(g) Adresa pruniho autora (kontaktni adresa) se uvadi jako posledni tdaj v piispévku. Obsahuje plné
jméno, prijmeni, tituly, pfesnou adresu s PSC, ¢islo telefonu, faxu, prip. e-mail.

Technicka tprava rukopisu

Piispévky jsou piijiméany ve formé zpracované textovym editorem, nejlépe Microsoft Word (popf. edi-
torem s nim plné kompatibilnim) pi dodrZeni nasledujiciho nastaveni a Gprav:
— format A4
— v8echny okraje 2,5 cm
— nézev prace (Cesky, resp. slovensky a anglicky) 11, ostatnf 10
— pismo pro nézev prace (Cesky, resp. slovensky a anglicky) Arial pro ostatni text Times New Roman
— radkovani 1,0
— odsazeni prvniho fadku odstavce 0,5 cm

Nazev prace, souhrn a klicova slova (€esky, resp. slovensky a anglicky), jméno autora (autort). Ne
velkymi pismeny.
— text a prilohy (tj. tabulky, grafy apod.) musi byt zpracovany s vyuzitim jednotek SI (CSN 01 1300).
— zkratky se pouzivaji pouze pokud se jedna o mezinarodné platnou symboliku. Prvné pouzitou zkratku
je nutno v zavorce vysvétlit. V nazvu prace neni vhodné zkratek pouzivat.
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— latinské nazvy se pisi kurzivou, netuc¢né, a to i v nazvu prispévku. Na tabulky, grafy atd. musi
byt v textu odkazy. Predkladany rukopis védecké prace by nemél presahnout 15 stran véetné priloh.
Tabulky, obrazky a grafy se zatrazuji do prilohy.

— rozliSujte: 15% — patnéctiprocentni a 15 % — patnact procent, dale pomlcku (-) a spojovnik (-).
Dlouhé se uziva pro vyjadieni ¢iselného rozpéti (5-11 let, 1918-1938), jako znaménko minus (-5, —0,3),
jako prosté pomlcka v textu (utkdni Sparta—Slavia, Praha 6 — Ruzyné) ¢i pokud se pouzivé k vytvorent
seznamu (odrazky). Spojovnik uzivame tehdy, chceme-li vyjadiit, Ze jim spojené vyrazy tvoii tésny
vyznamovy celek (Garmisch-Partenkirchen, je-li, technicko-ekonomicky, Marie Curie-Skltodowska).

— neuzivejte, (s vyjimkou) anglického textu, desetinnou tecku, ale desetinnou ¢arku. Desetinna ¢isla
piste ve tvaru: 9,8 ¢i 0,678.

Tabulky — rozméry musi respektovat vymezenou stranku. Nazvy tabulek a textt v tabulkach se uvadi
dvojjazycné, tj. ¢esky, resp. slovensky a anglicky, pfi¢emz je mozné vyuzit indexovani ¢eskych texti
v tabulce a uvést seznam anglickych piekladi pod tabulkou. Dopliujici informace se uvadéji pod
tabulku.

Tabulka 1./ Table 1.

Charakteristika vyzkumného souboru./ Characteristics of the research sample.

Proband Vék Vyska Hmotnost BMI Odehrané roky
1 16 179,0 60,0 18,7 1

2 14 1710 62,0 21,2 3
3 16 1700 57,0 19,7 5
4 15 172,0 61,0 20,6 4
5 15 183,0 70,0 20,9 3
6 14 1650 51,0 18,7 3
7 15 171,0 55,0 18,8 4
8 15 173,0 58,0 19,4 4
9 15 168,0 57,0 20,2 3
10 14 172,0 52,0 17,6 4
11 15 173,0 61,0 20,4 4
12 16 176,0 63,0 20,3 5
pramér 15,0 1728 58,9 19,7 338
modus 150 1710 57,0
median 150 172,0 59,0 19,9 4,0
SD 07 48 5,2 1,1 0,7

Poznamka. BMI = Body Mass Index; SD = smérodatné odchylka

Grafy, obrdzky apod. jsou zpravidla samostatnymi listy zpracovanymi v kvalité, ktera odpovida
pozadavkim piimé predlohy pro tisk (¢ernobilé obrazky a grafy a tomu odpovidajici popisky, rozliseni
min. 300 dpi). Rozméry musi respektovat vymezenou stranku. PouZité nazvy a popisy musi byt uvedené
rovnéz dvojjazy¢né, tj. Cesky, resp. slovensky a anglicky. Dopliujici informace se uvadéji pod obrazek ¢
graf. Obrazky a grafy maji souhrnny charakter a neramujf se. Grafy a obrazky mohou byt v barevném
provedeni.

Pocet tabulek, grafi a obrazka musi byt volen takovy, aby na jednu stranu ¢asopisu vychazela
maximalné jedna tabulka, graf nebo obréazek (tzn. maximalné jedna tabulka, obrazek nebo graf na 50
radka textu).

Autori, jejichz prispévek mé vazbu na projekt grantové agentury a je soucasti diléi nebo zave-
recné zpravy vyzkummného projektu musi toto uvést. Napt.: Empirickd data byla ziskdna v rameci feSeni
grantového projektu napr. GACR (nazev a ¢islo).

Prispévky k oponentnimu ¥izeni poslou autofi elektronicky na adresu redakce: studiakin@pf.jcu.cz.

Po upravéich vyvolanych oponentnim fizenim poslou autofi na adresu redakce opravené rukopisy
v elektronické podobé.

Upozornéni: Od roku 2011 je vybiran manipulaéni poplatek za piispévek do casopisu Studia Ki-
nanthropologica ve vysi 500 K& nebo 20 €, ¢islo uétu: 104725778/0300, Specificky symbol: 1214.
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INSTRUCTIONS FOR THE AUTHORS OF THE ARTICLES

Scientific Journal for Kinanthropology is mainly a place for publishing reports of empirical studies,
review articles, or theoretical articles. Articles are published in Czech, Slovak, and /or English language.
The author (senior author) is responsible for special and formal part of the article. All texts are subject
to review process and assessed by at least two expert referees. The review procedure is authorless.
Board of editors decide about article ’s publishing having regard to scientific importance and review
process.

Most journal articles published in kinanthropology are reports of empirical studies, and therefore
the next section emphasizes their preparation.

Parts of a Manuscript

1. Title page consists of

(a) Title. A title should summarize the main idea of the paper simply and, if possible, with style. It
should be a concise statement of the main topic and should identify the actual variables or theoretical
issues under investigation and the relation between them. The recommendated length for a title is 8
to 10 words. A title should be fully explanatory when standing alone.

(b) Author s name and affiliation

(c) Abstract. An abstract is brief, comprehensive summary of the contents of the article. A good
abstract is accurate, self-contained, concise and specific, nonevaluative, coherent and readable. An
abstract of a report of an empirical study should describe in 150 to 200 words

e the problem under investigation, in one sentence if possible;

e the subjects, specifying pertinent characteristics, such as number, type, age, sex, and species;

e the experimental method, including the apparatus, data-gathering, and complete test names, etc.
e the findings, including statistical significant levels, and

e the conclusions, and the implications or applications.

(d) Keywords. Not more than 5.
2. Next pages

(a) Introduction. The body the paper body of a paper opens with an introduction that presents the
specific problem under study and describes the research strategy. Definition of variables and formal
statement of your hypotheses give clarity. Because the introduction is clearly identified by its position
in article, it is not labeled.

(b) Method. The Method section describes in detail how the study was conducted. Such a description
enables the reader to evaluate the appropriateness of your method and the reliability and the validity
of your results. It also permits experienced investigators to replicate the study if they so desire. Method
section is devided into labeled subsections. These usually include description of subject, the apparatus
(measures or materials), and the procedure. If the design of the experiment is complex or the stimuli
require detailed description, additional subsections or subheadings to devide the subsections may be
waranted to help readers find specific information, include in this subsections only the information
essential to comprehend and replicate the study. Given insufficient detail, the reader is left with
questions, given to much detail, the reader is burneded with irrelevant information. Method section is
usually devided into: Subject; Measures (Apparatus or Materials) and Procedure.

(¢) Results. This section summarizes the data collected and the statistical treatment of them. First,
briefly state the main results or findings. Then report the data in sufficient detail to justify the
conclusions. Mention all relevant results, including those that run counter the hypothesis. Do not
include individual scores or raw data, with the exception, e.g. of single-subject designs or illustrative
samples.

(d) Tables and figures. To report data, choose the medium that presents them clearly and economi-
cally. Tables provide exact values and can efficiently illustrate main effects. Figures of professional
quality attract the reader’s eye and best illustrate interactions and general comparisons. Although
summarizing the results and the analysis in tables or figures may be helpful, avoid repeating the same
data in several places and using tables for data that can be easily presented in the text. Refer to all
tables as tables, and to all graphs, pictures, or drawings as figures. Tables and figures supplemented
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the text; they cannot do the entire job of communication. Always tell the reader what to look for in
tables and figures and provide sufficient explanation to make them readily intelligible.

(e) Discussion. After presenting the results, you are in a position to evaluate and interpret their im-
plications, especially with respect to examine, interpret, and qualify the results, as well as to draw
inferences from them. Emphasize any theoretical consequences of the results and the validity of your
conclusions. When the discussion is relatively brief and straightforward, some authors prefere to com-
bine it with the previous Result section, yielding Results and Conclusion or Results and Discussion).
(f) Conclusion. Conclusion part contrary to Abstract is not obligatory. This part could also be in
section Results and Conclusions.

(g) References. Just as data in the paper support interpretations and conclusions, so reference citation
document statements made about the literature. All citations in the ms. must appear in the reference
list, and all references must be cited in text. Choose refferences judiciously and cite them accuratly.
The standard procedur for citations ensure that refferences are accurate, complete, and useful to
investigators and readers. In references section follow the APA-Publication Manual (6th edition, 2010).
(h) Appendixz. Appendix is although seldom used, is helpful if the detailed description of certain
material is distracting in, or inappropriate to the body of this paper. Some examples of material
suitable for an appendix are (1.) new computer program specifically designed for your research and
unvalaible elsewhere, (2.) an unpublished test and its validation, (3.) a completed mathe-matical proof,
(4.) list of stimulus material (e. g. those used in psycholinguistic research), or (5.) detailed description
of a complexe piece of equipment. Include an appendix only if it helps readers to understand, evaluate,
or replicate the study.

(i) Author s address (contact address) — the author presents his/her address and address of his/her
co-workers as the last information in the article. He/she presents family name, first name, degrees,
complete address, City Code, telephon number and mainly e-mail.

Technical form of (hand) writing

Articles are basically accepted in the form of text editor, Microsoft Word or by editoring, keeping

following setting and arrangements:

— form A4

— all outsides 2.5 cm

— size of letters 11, for the name of work a 10 for the other text

— single lines

— letters Times New Roman CE

— distance from the first line of the column — 0.5 cm

— gaps behind the headlines — 6 points

— all headlines extra bald and situated in the centre, Tables can be presented direct in the manuscript
or mostly are presented as supplement enclosures of the article.

Dimensions of the tables (including title) can’t be over width and height of the page limited by
above mentioned page’s appearence. The name of the Table and all languages, in English and in
Czech, it is possible to use English text in the Table and the list of Czech translations is presented
under the table (or contrary).

Figures (graphs, pictures, drawings, etc.) are regularly sheets in the quality replying to the require-
ments of the sample for print (black and white images and graphs with the corresponding descriptions,
resolution min. 300 dpi). The figure “s dimension including all descriptions can “t be bigger than above
mentioned page’s dimension. The name of figure and all descriptions used in figure are also in two
languages — in English and Czech.

To the authors, whose articles are connected with the project of some Grant Agency, is recommen-
ded to emphasize this fact (i. e. name of the project and its number).

Please note: From January 2011 there will be a handling fee of 500 K¢& (or 20 €) for articles accepted
by Studia Kinantropologica, Account number: 104725778 /0300, Specific symbol: 1214.

e-mail: studiakin@pf.jcu.cz
www.pf.jcu.cz
http://www.pf.jeu.cz/stru/katedry /tv/studiaka.html
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Dékujeme recenzentim piispévki z roku 2025:

PaedDr. Gustav Bago, Ph.D.
PhDr. Petr Bahensky, Ph.D.
Mgr. Daniela BenegSové, Ph.D.
Mgr. Michaela Benickova
doc. PaedDr. Jaroslav Brod'ani, PhD.
prof. Ing. Vaclav Bunc, CSc.
PhDr. Jan Carboch, Ph.D.
prof. Tomasz Gabrys, Ph.D.
Mgr. Miriam Kalichova, Ph.D.
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