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Zusammenfassung

Der relative Alterseffekt (RAE) beschreibt eine ltheerasentation relativ &lterer, kurz nach dem
Stichtag fur die Altersklasseneinteilung geborekarder und Jugendlicher in Nachwuchsférder-
systemen. Ein RAE entsteht, wenn relativ Alteregaurid ihres chronologischen Altersvorteils hau-
figer als talentiert eingeschatzt und folglich baientselektionsmalRnahmen bevorzugt fur eine in-
tensivere Forderung auf hohere Selektionsniveakal@, regionale und nationale Auswahlkader)
ausgewahlt werden. Die Mechanismen dieses systhati Selektionseffekts und die Auswirkun-
gen weiterer Einflussfaktoren auf das Ausmald ddekisf gelten trotz zahlreicher empirischer
RAE-Studien als nicht ausreichend erforscht. Heggboben wird die Notwendigkeit einer umfas-
senden Ursachenforschung durch die seit Jahrzehmegranderte Verbreitung des RAE in der
Praxis, trotz der Kenntnis seiner negativen Foligerdie Talentférderung. Vor diesem Ausgangs-
punkt ist es Ziel der vorliegenden Dissertatiom drsachen der RAE-Entstehung im Nachwuchs-
fordersystem des Deutschen Fu3ball-Bunds (DFB)fousehen, um darauf aufbauend gezielte und

realisierbare Interventionsmaf3nahmen fiir die Prabasileiten.

Auf Basis eines theoretischen Modells von Indiviehsy, Aufgaben- und Umweltbedingungen der
RAE-Entstehung werden in der Dissertation zwei eisghe Studien zum RAE im Nachwuchsfor-
dersystem des Deutschen Fuf3ball-Bundes (DFB) vigiiesn der ersten Studie wird die Bezie-
hung der individuellen RAE-Bedingungen relativeseAl korperliche Reife und motorische Leis-
tungsfahigkeit analysiert. Die Studie untersuchtl20 Spieler der Altersklassen U12 bis U15 auf
der ersten Ebene systematischer TalentselektioDHB-Stltzpunktprogramm. Zentrales Ergebnis
der Studie ist, dass nahezu keine motorischenurejstinterschiede zwischen relativ alteren und
relativ jungeren Nachwuchstalenten bestehen. Zudggt ein Vergleich der untersuchten Spieler
mit durchschnittlich zu erwartenden korperlicherd unotorischer Entwicklungskurven, dass aus-
gewahlte relativ jungere Nachwuchstalente nichp&dich akzeleriert sind, fur ihr Alter aber mo-

torisch besonders begabt sein missen, um als €aesgewahlt zu werden.

In der zweiten Studie wird anhand der Geburtsdaten35.390 Nachwuchstalenten die Verande-
rung des RAE innerhalb der Umweltstruktur des Nagatwfordersystems untersucht. Unter der
Grundannahme, dass RAE-Veranderungen bei Talektieglsprozessen zwischen aufeinanderfol-
genden Selektionsniveaus und Altersklassen gescheleeden querschnittliche RAE-Unterschiede
zwischen vier aufeinanderfolgenden Selektionsnigseaud acht Altersklassen untersucht. Zudem
wird die langsschnittliche Veranderung des RAENachwuchsspielern analysiert, die bei Talent-
selektionsprozessen erstmalig fur das nachsth@aektionsniveau oder fir die nachfolgende Al-

tersklasse desselben Selektionsniveaus ausgewdtdemw Bei der querschnittlichen Analyse stellt



sich heraus, dass das RAE-Ausmal} Uber die vietegggaden Stufen der Talentselektion im DFB-
Nachwuchsfordersystem stetig zunimmt (Geburtenlaetste Jahreshélfte: Stitzpunktprogramm
~60%, Leistungszentrum69%, Verbandsauswahi72% und Jugendnationalmannschaf5%).
Zwischen den Altersklassen zeigen sich geringfagisteigende RAEs von der U12 bis zur U15 in
den Stutzpunkten und Leistungszentren mit einernhdie®enden geringfigigen Rickgang bis zur
U19 in Leistungszentren, Verbandsauswahlteams wgendinationalmannschaften. Die Langs-
schnittanalyse der RAE-Veradnderung bei Talentaukwaressen offenbart eine Zunahme des
RAE-Ausmalies bei erstmalig fur hoheres Selektimesii ausgewahlten Spielern und keine RAE-
Anderungen bei Spielern, die auf demselben Selektiveau in die nachsthohere Altersklasse
Ubernommen wurden. Damit wird deutlich, dass didiaee RAE-Entwicklung ein komplexer,
sich verstarkender Effekt eines mehrfach gestuftdantselektions- und Talentforderungsprozesses

ist, der von den Umweltbedingungen eines Nachwiictisfsystems beeinflusst wird.

Die Erkenntnisse aus den beiden empirischen Stuaitern ein tieferes Verstandnis der Bedin-
gungen bei der RAE-Entstehung und werden in desdbigtion daflr benutzt, Vorschlage fur
Interventionsmal3nahmen zur Reduktion des RAE im DleBhwuchsfordersystem zu entwickeln.
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1 Einleitung

1.1 Der relative Alterseffekt (RAE)

.Dezemberkinder werden selten FuRballstars” (Zeitii@, Fritsch, Holzki & Venohr, 2013)
» Gnade der friihen Geburt' oder Chancengleichhgi8hweizer Bundesamt fiir Sport, BASPO, 2016)

»,How to build a champion: Be born at the right tiflBBC Sport, Oakley, 2012)

Ausbildungssysteme in Bildung und Sport verwendeereStichtag(z. B. 1. Januar) zur Alters-
klasseneinteilung um homogene Jahreskohorten fiéndairen Leistungsvergleich und eine alters-
gemale Entwicklungsumgebung zu schaffen. Fir dieltrerenden chronologischen Altersunter-
schiede innerhalb einer Jahreskohorte von bis ZuTz@en (Geburtstag 1. Januar gegentber Ge-
burtstag 31. Dezember) wurde der Begrifelatives Alter* gepragt (Barnsley, Thompson &
Barnsley, 1985). Aus historischer Sicht wurde hisrgi den 60er Jahren im Bildungskontext unter
den Namen ,effect of date of birth* oder ,birth dagffect” festgestellt, dass relativ alterer Schule
aufgrund ihres Altersvorsprungs gegenuber reldthggren Schilern Entwicklungsvorteile haben
(Armstrong, 1966; Freyman, 1965). Insbesondere inn@schulen zeigten sich kognitive Leis-
tungsvorteile relativ Alterer (Fredriksson & Ocke2005; McPhillips & JordaiBlack, 2009; Zhong

& Hoxby, 2012) und auch in héheren Klassenstuferew@wenn auch geringere) Leistungsvorteile
nachweisbar (Bedard & Dhuey, 2006; Hauck & Find93; Sprietsma, 2010). Bei relativ jingeren
Schilern wurden hingegen haufiger psychologisctigu8gen, wie ADHS (Elder & Lubotsky,
2009), Lernschwierigkeiten (Cobley, McKenna, Ba&ewWattie, 2009; Dhuey & Lipscomb, 2010;
Martin, Foels, Clanton & Moon, 2004) und eine skbjehoher wahrgenommene schulische Belas-
tung nachgewiesen (Fenzel, 1992). Als Langzeitwigkmeigte sich in einer Studie sogar ein erh6h-

tes Selbstmordrisiko relativ jingerer Schuler (Tpson, Barnsley & Dyck, 1999).

Weitere Studien stellten fest, dass relativ altecailer bei schulischeBelektionsmal3inahmem
Vergleich mit ihrem Geburtenanteil in der gesantsehulerschaft Uberproportional haufig ausge-
wahlt werden. Relativ Altere werden wahrend derullabfzeit haufiger in reprasentative Amter (z.
B. Schulsprecher) gewahlt (Dhuey & Lipscomb, 20@8der in Forderprogramme der Begabungs-
forderung aufgenommen (Cobley, McKenna, et al. 20md qualifizieren sich haufiger fur weiter-
fuhrende Schulen und Universitaten (Crawford, Dear8l Greaves, 2013). So haben beispielswei-
se in Deutschland relativ Altere eine hohere Chamure Ende der Grundschulzeit eine Gymnasial-
empfehlung zu erhalten (Jurges & Schneider, 20D&hingegen muissen relativ jingere Schuler
haufiger Klassenstufen wiederholen (Elder & Lubgisk009; Jeronimus, Stavrakakis, Veenstra &



Oldehinkel, 2015; Pedraja-Chaparro, Santin & Siraan2015) und beginnen mit geringerer Wahr-
scheinlichkeit ein Studium (Bedard & Dhuey, 2008)erdings konnten negative Langzeitfolgen
eines RAE bisher weder bei Leistungen in der Usit@r (Roberts & Stott, 2015) noch bei der Be-
rufstatigkeit und dem Einkommen im ErwachsenenbbaréCrawford et al., 2013) nachgewiesen
werden. Eine Erklarung hierflr ist, dass Uber digghthkeit der (freiwilligen) Wiederholung von
Klassenstufen und der Option alternativer Ausbigghwege im Bildungssystem, der kalendarische
Altersnachteil relativ Jingerer kompensiert wirca(idk & Finch, 1993).

Im Sportwurde fur das Phanomen einer Uberreprasentatiatiwdlterer im Vergleich zur Gebur-
tenverteilung einer Basispopulation der Begedfativer Alterseffekt (RAE)epragt (Barnsley et al.,
1985; Lames, Augste, Dreckmann, Gorsdorf & Schirkiar)08). Nach einer Anekdote aus dem
Buch ,,Outliers® von Malcom Gladwell Giber die beseneh Umstédnde menschlichen Erfolgs wurde
der RAE im Sport erstmals im Jahr 1983 von Paula$ay, der Frau des kanadischen Psycholo-
gen Robert Barnsley, entdeckt (Gladwell, 2008,3%f) 2wWahrend eines Jugendeishockeyspiels fiel
Frau Barnsley beim Durchblattern des Informatioftsheuf, dass Uber die Halfte der aufgelisteten
Spieler in den Geburtsmonaten Januar, Februar uird Neboren warénin der zwei Jahre spater
erschienenen ersten sportwissenschaftlichen Ptiblikder Barnsleys zum RAE im Eishockey im
Jugend- und Erwachsenenbereich berichteten sieimem (nahezu linearen) Rickgang der Gebur-
tenhaufigkeit von Januar bis Dezember (Geburtsgu@i bis Geburtsquartal Q4) und damit einer
deutlichen Abweichung der Geburtenverteilung vomn kignadischen Bevdlkerung (Barnsley &
Thompson, 1988; Barnsley et al., 1985).
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Abbildung 1: Relative Geburtenhaufigkeit pro Gebmtnat (links) und Geburtsquartal (rechts) modifiznach Barnsley et al.
(1985)

! Stichtag im kanadischen Jugendeishockey ist déariuar.



Als Ursacheeines RAE nehmen Dixon, Horton und Weir (2011) dass der Entwicklungsvor-
sprung relativ Alterer zu Vorteilen in deren (sfiohter oder kognitiver) Leistungsfahigkeit und in
weiteren entwicklungsrelevanten Personlichkeitsmmadken fihrt. Aus diesen Leistungsvorteilen
relativ Alterer wiederum folgt, dass sie vermehei Selektionsprozessen wie der Auswahl als
sportliches Talent fir eine Talentférdermal3nahnmsgewahlt werden. In der Konsequenz entsteht

ein wie in Abbildung 1 sichtbarer RAE mit einer Wieprasentation relativ Alterer.

Fir diestatistische Analyse des RAerden relative Haufigkeiten der Geburtstage rait deitli-
chen Auflosungen Geburtshalbjahr, GeburtsquartaB(ZTill, Cobley, Wattie, et al., 2010) oder
Geburtsmonat (z. B. Diaz Del Campo, Vicedo, Vill&aordan, 2010) verwendet, wobei eine fei-
nere zeitliche Auflésung einen hoheren Informatgaisalt besitzt (Loffing, 2016) aber gleichzeitig
mehr zufallige Schwankungen aufweist (vgl. Abbildur). Als zentrales Mal3 fiir die Geburtenver-
teilung einer Stichprobe werden der Median der @stage (z. B. Augste & Lames, 2011) oder die
relative Geburtenhaufigkeit der in der ersten Jatiikte geborenen Spieler angegeben (Mujika et
al., 2009). Fur eine Analyse des Schiefegrads dshu@enverteilung werden in einigen Studien
Korrelationskoeffizienten zwischen den Zeiteinheitkes relativen Alters und deren relativer Ge-
burtenhaufigkeit berechnet (Helsen, van Winckel 8llidms, 2005; Nolan & Howell, 2010). Die
GrolRe der Koeffizienten kann jedoch durch die Wil zeitlichen Auflosung des relativen Alters

manipuliert werden.

Der inferenzstatistische Nachweis eines RAE erfoigier Regel Uber Verteilungstests, wie z. B.
den Chi2-(goodness-of-fit-)Test. Fur diese Testslsdie Wahl der Referenzverteilung eine grole
Rolle (Delorme, Boiché & Raspaud, 2010b; Delorm€Bampely, 2015). Die Geburtenverteilung

aller registrierten Sportler der untersuchten Spbtiat, nach Delorme und Champely (2015), ge-
genuber einer theoretischen Gleichverteilung ddsu@en Uber das Kalenderjahr (z. B. Edgar &
O'Donoghue, 2005) oder der empirischen Geburtesiiany der Neugeborenen in der Bevolke-

rung (z. B. Diaz Del Campo et al., 2010) den Vartportartspezifische Eintritts- und Drop-Out-

Effekte zu bertcksichtigen. Die Autoren beziehat slabei auf zwei Studien, die in den Daten al-
ler franz6sischen Mitglieder der Sportarten Baskiétind Ful3ball eine geringfligige Schiefe in der
Geburtenverteilung auffanden (Delorme, Boiche &p@asl, 2010; Delorme & Raspaud, 2009).

Eine weitere Veroffentlichung kritisiert ganz geslerdie Verwendung von Signifikanztests in
RAE-Studien mit ganzen Populationen als Stichpralaein diesen Fallen ein inferenzstatistischer
Schluss nicht notwendig oder sogar irrefuhrend(Gébbs, Shafer & Dufur, 2015). Ein weiteres
Problem der Signifikanztests ist, dass aufgrundalenten Verflugbarkeit von Geburtsdaten in On-

line-Datenbanken in RAE-Studien haufig sehr groftehroben untersucht werden (z. B. Romann



& Fuchslocher, 2011b), bei denen auch sehr geltiffpkte schnell signifikant werden. Deshalb ist
bei der inferenzstatistischen Analyse eines RAEAtigabe von Effektgréf3en von grol3er Bedeu-
tung. Als Effektgréf3e fuir das RAE-Ausmald gebenevistudien Odds-Ratios an (Cobley, Baker,
Wattie & McKenna, 2009; Mujika et al., 2009; Tiobley, O’Hara, Chapman & Cooke, 2010).
Ein Odds-Ratio fur die beiden Geburtsjahreshalftergleicht in einer Stichprobe beispielsweise
die Haufigkeit der Geburten aus der ersten Jahlfesindit der Geburtenhaufigkeit der zweiten Jah-
reshélfte in Relation zu ihren Anteilen in der Basipulation. Odd-Ratios der Grof3e 1,44, 2,48 und
4,27 kénnen mithilfe einer Transformation in Colsed*Werte als kleine, mittlere und groRe Effek-
te eingestuft werden (Borenstein, Hedges, HiggiriRag¢hstein, 2011; Cohen, 1988).

Im Hinblick auf diekritische Bewertung eines RARuss die Zielstellung des betroffenen Ausbil-
dungssystems beriicksichtigt werden. Ahnlich wigBildungssystemen wollen Nachwuchsforde-
rungssysteme im Sport Kindern und Jugendlichenglacher Begabung gleiche Entwicklungs-
chancen fur spateren Erfolg im ErwachsenenalteemgeBleichzeitig sollen die vorhandenen For-
dermittel fir eine hohe Qualitat der Ausgebildetedglichst effizient verteilt werden. Selektions-
prozesse haben dabei die Funktion, die begrenzistefmalinahmen (z. B. Quantitat und Qualitat
des Trainings) mdoglichst optimal den vielversprexisten Nachwuchssportlern zuzuordnen
(Cobley, Schorer & Baker, 2012; Delorme, Boiché &sBaud, 2010a; Vaeyens, Lenoir, Williams
& Philippaerts, 2008). Diesen Fordermal3inahmen wirBlegabungs- und Talentmodellen eine be-
deutende Rolle fur die langfristige Leistungsenkiing zugeordnet (Gagné, 2009; Ward, Hodges,
Starkes & Williams, 2007). Fir eine Bewertung desERst nun wichtig, dass kein Grund zu der
Annahme besteht, relativ Altere seien potentieldrthegabt als relativ Jiingere (Allen & Barnsley,
1993; Lames et al., 2008). Bei Talentselektionsrabfiren ausgewahlte Nachwuchssportler miss-
ten demnach eine Gleichverteilung Uber alle Gemotsmte aufweisen. Das Vorhandensein eines
RAE bedeutet aber, dass relativ Altere lberreptiésersind und die knappen Forderressourcen
somit auch fir einige wenig begabte relativ Alteeewendet werden. Gleichzeitig sind bei vorhan-
denem RAE relativ Jiingere unterreprasentiert. Edemedemnach einige relativ Jingere trotz vor-
handener Begabung zu wenig gefordert und gehentumteals Talent verloren. Somit kann ein
Ausbildungssystem mit existierendem RAE als grdduefair und ineffizient eingestuft werden
(Dixon et al., 2011; Edgar & O'Donoghue, 2005).

1.2 Verbreitung des RAE im Spitzensport

Auch im Sport stellt sich nun, ahnlich wie bei deralyse des RAE im Bildungssystem, die Frage,

ob ein RAE im Nachwuchsbereich Langzeitfolgen hisién Erwachsenenbereich hat. Als Antwort



auf diese Fragen geben Tabelle 1 und Tabelle D diberblick Gber die Verbreitung des RAE in
verschiedenen Sportarten im erwachsenen Spitzénspor

Tabelle 1: Studien zur Existenz des RAE in Spighkspen (" RAE vorhanden; RAE nicht vorhanden)

Existenz

Sportart | Geschlecht] RAE Studien
v (Delorme, Boiché & Raspaud, 2009; Schorer, ColBéigch, Brautigam &
M Baker, 200)
Handball — (Lidor, Coté, Arnon, Zeev & Cohen-Maoz, 2010; NakétSakamoto, 2011)
v (Baker Schorei Cobley Brautigan & Blisch 2009)
w — (Delorme et al., 2009; Goldschmied, Cobley, Watiaker & McKenna,

20112 Lidor, Arnon, Maayan, Gershon & C6té, 2(; Schorer et al., 20(

(Baeumler, 2000; Besson, Poli & Ravenel, 2013; €pbBchorer & Baker,
2008; Costa et al., 2009; Delorme et al., 2009;iBlydL994; Fleming &

M Fleming, 2012; Helsen et al., 2012; Horn & Okum@@1.1; Ishigami, 2015;
Jimenez & Pain, 2008; Nakata & Sakamoto, 2011; @2zt & Musch,
FuRball 2015 Wiium, Lie, Ommundsen & Enksen, 20)

- (Goldschmied et al., 20; Lidor et al., 201)

v (Baker et al., 2009; Romann & Fuchslocher, 201&aiaB0, Vaeyens &

w Redondo, 201)

(Delorme et al., 20(; Lidor et al., 201)

v (Nakat: & Sakamotc 2017)
M — (Daniel & Janssen, 1987; Delorme et al., 2009; titaal., 2010; Stanaway
Basketball & Mines, 1999

- (Delorme et al., 20(; Goldschmied et al., 20; Lidor et al., 201)

(Campos, Stanganelli, Rabelo, Campos & Pellegiir2@tl6; Lidor et al.,

<\

M 2010; Nakata & Sakamoto, 2011; Okazaki, Keller,tkoa & Gallagher,
Volleyball 2017)
- (Delorme et al 2009)
W v _
- (Lidor et al., 201)
v (Addona & Yates, 2010; Barnsley et al., 1985; Dmiert al., 2009; Nolan &
M Howell, 201, Vittorio & Philip, 201()
Eishockey - i i i i
v (Molenaar, Geithner, Henriksson, Fjellman-Wiklund=8lenstam, 2015;
w Weir, Smith Paterso & Horton 2010
- (Molenaa et al., 2015)
v (var der Honert 2017)
(American) M — (Beyer, Fukuda, Redd, Stout & Hoffman, 2016; Dagidlanssen, 1987;
Football Stanaway & Mines, 199
W v (var der Honert 2017)
v (Abel, Kruger & Pandya, 2011; Ishigami, 2015; Nak&tSakamoto, 2011;
M Thompson, Barnsley & Stebelsky, 19
Baseball — (Werneck et al., 207
W /
- (Abel et al., 201; Werneck et al., 20))
M v (Delorme et al., 20(; Till, Cobley, Wattie, et al., 20))
Rugb -
ugby W —~
- (Lemez, MacMahon & Weir, 20)
v (Edgar & O'Donoghue, 2005; Loffing, Schorer & Cohl2010; O'Donoghue
, M 2009
Tennis _
W v (Edga & O'Donoghue 200%; O'Donoghue 2009)

2 Nur fur Rechtshander, nicht fir Linkshander



Tabelle 2: Studien zur Existenz des RAE in Indalghortarten ¢"RAE vorhanden; RAE nicht vorhanden)

Sportart | Geschlecht E)Igirgnz Studien
Kampfsport M v (Albuguerque et al., 20; Edginton, Gibson & Connelly, 20)°
(Judo, — (Albuquerque et al., 20)” (Albuguerque et al., 20)
Boxen, W v
Taekwando) — (Albuquerque et al., 2012)
M v (Besters, 2012)
Leichtathletik v (Besters, 2012)
W —
v
M —
Turnen W v (Baker, Janning, Wong, Cobley & Schorer, 2014)
Asthetische M v
Sportarten - (Baker et al., 2014; van Rossum, 2006)
(Tanzen, Eis- W v
kunstlauf — (van Rossum, 2006)
M v (Baker et al., 2014)
Ski alpin und -
nordisch W v (Baker et al., 2014)

Die abgebildeten Publikationen umfassen StudienStithproben aus den obersten zwei Ligen
oder Nationalmannschaften einer Sportart sowie @bympischen Spielen im Erwachsenenbe-
reich’.Insgesamt wurden relative Alterseffekte weltweitvielen verschiedenen Sportarten nach-
gewiesen. Somit gibt es also eine Langzeitwirkuag RAE in den Erwachsenenbereich. Relativ
jungere haben in vielen betroffenen Sportartemgere Chancen, den erwachsenen Profibereich zu

erreichen.

Die unterschiedlichen Ergebnisse fir verschiedegm@t8rten und beide Geschlechter zeigen, dass
beide Merkmale einen Einfluss auf die Existenz IRAE haben. Dartber hinaus lassen inkonsis-
tente Befundlagen innerhalb einer Sportart undsefBeschlechts (z. B. Basketball der Manner in
Studien aus verschiedenen Landern) die Vermutunglass weitere sozio-kulturelle Faktoren fur
die Existenz eines RAE relevant sind. Hinzu kommveitere besondere Ergebnisse, wie ein umge-
kehrter RAE mit einer Uberreprasentation relatimgérer Athletinnen im Turnen (Baker et al.,
2014), RAE-Unterschiede fur verschiedene Gewichtddn im Judo (Albuguerque et al., 2013)
sowie Unterschiede zwischen Links- und Rechtsh@ndarHandball und Tennis, die insgesamt
verdeutlichen, dass der RAE ein sehr komplexes &hén mit vielen verschiedenen Einflussfakto-

ren ist.

% Im Judo in hohen Gewichtsklassen

* Im Judo in unteren Gewichtsklassen

® Umgekehrter RAE mit Uberreprasentation relativgjéirer Athleten

® Die in Tabelle 1 und 2 sind reprasentativ fiir d&tuellen RAE-Forschungsstand ohne einen AnsprutNallstan-
digkeit zu erheben.



Fur die in dieser Dissertation zentrale SporfaRball quantifizierte eine grof3e Untersuchung der
hdchsten Ligen aller europaischen Lander das RA&E R auf 57% in der ersten Jahreshalfte ge-
borene Spieler (Besson et al., 2013). Anhand desp®¢s FulRball kann aber auch deutlich ge-
macht werden, welche inhaltlichen Schwierigkeitenbei der genauen Feststellung des RAE-
Ausmalies im Erwachsenenbereich gibt. Eine Schwgtigst die Verschiebung des Stichtags von
den Sommermonaten auf den 1. Januar in den Jal®@®-1D98 in mehreren Nationen (u. a.
Deutschland, Frankreich, Belgien). Im Nachwuchdgbhréihrte der Stichtagwechsel zu einer Ver-
schiebung des RAE von einer Uberreprasentatiotiveddterer in den Monaten August, September
und Oktober wahrend geltendem alten Stichtag zerdilberreprasentation relativ Alterer in den
Geburtsmonaten Januar, Februar und Marz nach Eurfgides neuen Stichtags (Helsen, Starkes &
Van Winckel, 2000). In der Folge waren zum Zeitpuaiker Untersuchung von Ostapczuk und
Musch (2013) in den mehrere Jahrgéange umfassendéeri der deutschen Ful3ballbundesligisten
Spielerjahrgange vertreten, die entweder nur naah euen oder nur nach dem alten Stichtag oder
sogar phasenweise nach beiden Stichtagen in it@einWuchskarriere geférdert wurden. Das RAE-
Ausmal in der Fu3ballbundesliga war daher Ergetiniss gemischten Effekts zweier nahezu ge-
genlaufiger RAEs. Fur eine prazise Feststellung RIAE-AusmalRes kommt erschwerend hinzu,
dass der RAE von Spielerjahrgéngen in einer frilkamierephase zu Spielerjahrgangen in einer
spateren Karrierephase abnimmt (Besson et al.,; Bd&ters, 2012; Jimenez & Pain, 2008) und
RAE-Unterschiede zwischen einheimischen und ausléhen Athleten einer Liga bestehen kon-
nen (Schorer et al., 2009). Somit ist eine pra@santifizierung des RAE-Ausmaldes im Spitzen-
fuBball nur unter Berlcksichtigung der Stichtagpeotatik und tber eine differenzierte Betrach-

tung einzelner Jahrgange und Spielernationalitdtéglich.

Die fur die RAE-Entstehung verantwortliche systasddie Talentselektion beginnt im DFB-
Nachwuchsfordersystem in der Regel in der AltersdddJ12. Diese Selektion hatte somit fur die in
der Saison 2012/13 in der FuRRballbundesliga aktdeutschen Spieler der Jahrgange 1986 und
junger zum Zeitpunkt des Stichtagwechsels im Soni@87 noch nicht begonnen. Der vorhandene
RAE bei diesen Spielerjahrgangen geht daher aflafrden neuen Stichtag 1. Januar zurtick. Das
Ausmal’ des RAE nimmt mit vom Jahrgang 1986 bisezujidngsten Jahrgangen ziemlich kontinu-
ierlich zu (vgl. Abbildung 2). Fur die Spieler deeiden jlingsten Jahrgange, die bereits zu einem
frihen Zeitpunkt, mit 18 bis 19 Jahren, den Sprundie FulR3ballbundesliga geschafft haben, liegt
das RAE-Ausmall sogar bei tber 70% in der erstaesladlfte geborenen Spielern.
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Abbildung 2: RAE in der 1. FuRballbundesliga (Sai@®12/13, deutsche Spieler, Jahrgéange
mit mindestens acht Spielern, Geburtsdaten ladidli@aten.de)

Insgesamt bleibt also festzuhalten, dass der RAI au erwachsenen Spitzenful3ball besteht. Die
Stichtageinteilung der Altersklassen in der NachwefidGrderung verursacht somit fur relativ jinge-

re Nachwuchsspieler geringere Erfolgschancen f@rElaeichen des Spitzensportniveaus im Er-
wachsenenbereich, wodurch die Notwendigkeit eiregfuRtion des RAE betont wird.

1.3 Der RAE im Rahmen der Talentforschung im DFB-Nachwghsfordersystem

Die vorliegende Dissertation zum RAE im deutschextiNvuchsful3ball ist im Projekt ,sportwis-
senschaftliche Begleitung des DFB-Talentforderpmognes” unter der Leitung von Prof. Oliver
Honer und Prof. Klaus Roth entstanden und dem ksgbwerpunkt Talentforschung im Ful3ball
zugeordnet (HOner & Roth, 2014). Die Talentforsanim Projekt versteht sich als anwendungs-
orientierte Forschung (Conzelmann & Honer, 2009)deren Aufgaben die Evaluation und Opti-

mierung bestehender Strategien und Strukturen adeniselektion und -férderung gehoért (Gullich,
2013; Hohmann & Carl, 2002).

Der RAE und Talentselektion im DFB-Nachwuchsfongsesn

Eine unumstrittene Tatsache in der RAE-Forschuhgles Zusammenhang zwischen der Entste-
hung eines RAE und dem Prozess der Talentselektidtachwuchsférdersystemen (McCarthy,

Collins & Court, 2016). Bei defalentselektiorwerden Spieler mit dem Potential zukinftige Spit-



zenleistungen zu vollbringen identifiziert und fithere Selektionsniveaususgewahlt (Hohmann,
2005; Malina, 2008; Williams & Reilly, 2000). Sistiein mehrfach gestufter Prozess, bei dem ver-
gleichbar mit der Form einer Pyramide mit jedenstifenden Selektionsniveau jeweils die viel-
versprechendsten Spieler ausgewahlt werden (Cadiley., 2012). Die Talentselektion wird ge-
wohnlich von Trainern durchgefihrt, die das Potnkirer Nachwuchsathleten fir zukinftige Spit-
zenleistungen subjektiv bewerten (Christensen, RO8I8 zentrale Herausforderung fur eine Opti-
mierung der Talentselektion im Ful3ball sehen Tédesther die Reduktion von Storeinfliissen, wie
dem RAE (Unnithan, White, Georgiou, Iga & Drust,120 Vaeyens, Coelho e Silva, Visscher,
Philippaerts & Williams, 2013).

In dieser Arbeit wird angenommen, dass die Talégitdensprozesse, bei denen der RAE entsteht,
strukturell betrachtet jeweils zwischen den aufedsfolgenderSelektionsniveausnd Altersklas-
seneines Nachwuchsférdersystems stattfinden. Dektstrelle Aufbau eines Nachwuchsfordersys-

tems ist daher bei der Analyse der RAE-Entstehumyzentraler Bedeutung.

Altersstufen Ausbildungsstrukturen
A-Nationalmannschaft
30
SPITZEN- - A
SPIELER Internationale Vereinswetthewerbe
21-29
Bundesliga, 2./3. Liga
PERSPEKTIV- ‘91'20 Lizenzvereine Nationalmannschaften Hachster
SPIELER 17/18 U9 u20 v21 Amateurbereich
A-JUNIOREN
15-18 Leistungszentren/ Juniorennational- Talentforderung der
B- JUNIOREN Eliteschulen des Fupballs mannschaften LV und Vereine
u1s u16 u17 1]]:]
C-JUNIOREN
11-14 Leistungszentren/ DFB- Vereins-
D-JUNIOREN Eliteschulen des Fupballs Talentférderprogramm Jugendfufball
E-JUNIOREN
7-10 Vielseitige Sportaktivitaten und Fupbalispielen in Verein und Schule
F-JUNIOREN
BAM.I.ZINI UND 3'6 i . . . - .
JUNGER Bewegen und vielseitiges Spielen in Verein, Kindergarten und Schule

Abbildung3: Ausbildungsstrukturen und Altersstufen im DehgscFuRball-Bund (DFB, 2009, S. 15)

Die innerhalb des DFB-Nachwuchsfordersystems imniahdieser Dissertation untersuchten Se-

lektionsniveaus sind das vom DFB unter dem BegbffB-Talentférderprogramm gefiihrte

" In dieser Arbeit wird fir Kaderstufen oder Wetthzfilassen in Anlehnung an die Thematik Talentsiekter Be-
griff Selektionsniveau verwendet.



Programm 366 dezentraler Stitzpunkte (im Folgendr Eindeutigkeit halber DFB-
Stiitzpunktprogramm genannt), die 49 zertifiziet&thwuchsleistungszentren der Lizenzver&ine
die Verbandsauswahlmannschaften der 21 Landeswibéand die Jugendnationalmannschaften
(vgl. Abbildung 3). Im DFB-Stltzpunktprogramm wendetwa 14.000 vielversprechende D-/C-
Jugendspieler (Altersklassen U1l bis U15) aus Aumagzeinen mit einer zusatzlichen Trainings-
einheit pro Woche bei qualifizierten Honorartrameeférdert. Ein Anhaltspunkt fir den Strenge-
Grad der ersten Talentselektion in die DFB-Stutkpeinst, dass die circa 4.500 Stutzpunktspieler
der Altersklasse U12 aus etwa 150.000 Amateurvespialern ausgewahlt werden (Schott, 2010).
Zusatzlich zum DFB-Stutzpunktprogramm werden piarglang etwa 800 der besten Nachwuchs-
spieler in den Altersklassen U12 bis U19 (D- bis &tJugend) bei den Nachwuchsleistungszentren
der Lizenzvereine intensiv geférdert. Die vom DHS &liteférderung” bezeichnete Férderung ta-
lentierter Spieler der Altersklassen U15 bis Ul@em Leistungszentren, wird auf Verbandsseite in
den Verbandsauswahlmannschaften (etwa 350 Spieler Jahrgang bei zentralen DFB-
Sichtungsturnieren) und auf dem hochsten Selektisaau in den Jugendnationalmannschaften
(etwa 50-130 nominierte Spieler pro Jahrgang iere8aison) fortgefthrt.

Relatives Alter und motorische LeistungsfahigkisifTalentmerkmal

Aufgrund des vermuteten Zusammenhangs zwischetivezta Alter, Leistungsfahigkeit und Ta-
lentselektion bei der Entstehung des RAE (vgl. Ab#t 1.1), spielt in dieser Arbeit auch dig?3-
ballerische Leistungsfahigketine wichtige Rolle. Im Nachwuchsbereich werdemglobale Leis-
tungsfahigkeit und ihre Teilkomponenten nicht rurhrer Funktion als Rickmeldung zum aktuel-
len Leistungsstand, sondern auch als mdglichesnrabgkmal zur Vorhersage des zukunftigen

Leistungspotentials eines Nachwuchsspielers diskuytiohmann, 2009).

Eine zentrale Herausforderung in dieser Diskussbdie Auswahl und Erhebung von geeigneten
Talentmerkmalen, mit denen sich das Potential @ikiinftige Spitzenleistungen préaziser vorhersa-
gen lasst (Unnithan et al., 2012; Vaeyens et &l132 Als eine mogliche strategische Herange-
hensweise schlagen Gabler und Ruoff (1979) einehrsubrittigen Forschungsprozess mit den
Forschungsschritten Auswahl potentieller PradikiprBereitstellung von Messinstrumenten fir
deren Erhebung, Analyse des Zusammenhangs zwistfaeliktor und Kriterium und Bewahrung

der Pradiktoren bei der Vorhersage zukiinftiger Ktiefstungen vor. Ubereinstimmend damit wer-
den aus entwicklungspsychologischer Sicht die Matkauswahl, deren Erhebung, zeitliche
Stabilitat und prognostische Relevanz als bedeutsiimm die Vorhersage zukinftiger

8 Anzahl Stand Saison 2013/14
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Personlichkeitsentwicklung erachtet (Nolting & Rel2009). Zusétzlich gelten die Bereitstellung
von Normwerten fir die Merkmalsentwicklung und diealyse der differentiellen Stabilitat der
Pradiktoren als wichtige Aufgaben in diesem Forsgsprozess (Hohmann, 2009; Seidel, 2005).

Bezuglich derAuswahl potentieller Pradiktorerst die moderne Talentforschung sich einig, dass
Talententwicklung ein sehr komplexer Prozess istleftmerkmale muissen daher aus
mehrdimensionalen Merkmalsbereichen stammen (Bé&kElorton, 2004; Vaeyens et al., 2013)
und in ihrer aktuellen Auspragung sowie ihrer Enthdingsdynamik und gemeinsamen Interaktion
betrachtet werden (Gagné, 2013; Hohmann, 2014;HensDavids, Phillips & Kerherve, 2012).
Fur die Sportart Ful3ball wird eine Unterscheidumgaziologische, physiologische, physische und
psychologische Merkmale vorgeschlagen (vgl. Abbilgid). Psycholgische Merkmale werden
zusatzlich unterteilt in technomotorische Ferti¢lej perzeptuell-kognitive Fahigkeiten und

Personlichkeitseigenschaften.

Physiological
predictors

@ Psychological
Sociological Talent in predictors
predictors |:> soccer <:| o Motor/technical skills
o Perceptual-cognitive
skills
ﬁ o Personality

Physical
predictors

Abbildung4: Talentmerkmale im Fuf3ball (modifiziert nach BeilWilliams, Richardson, Fisher & Bailey, 2008;I\gims & Reilly,
2000)

Aufgrund o6konomischer Beschrankungen und den Sclgkieten einer standardisierten Test-
durchfihrung in flachendeckenden TalentdiagnostikeNachwuchsfordersystemen, beschranken
sich die meisten Studien im Fuf3ball auf eine kignguswahl an Talentmerkmalen, vorwiegend
aus dem Bereich der technomotorischen FertigkdEdfierink-Gemser, Huijgen, Coelho E Silva,
Lemmink & Visscher, 2012; Figueiredo, Coelho e &i& Malina, 2011; Vaeyens et al., 2006).
Auch im DFB-Stutzpunktprogramm beschrankt sich Eiilbebung objektiver Talentmerkmale auf

Schnelligkeitsfahigkeiten und fuRballspezifischeht@sche Fertigkeiten. Im Rahmen des For-
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schungsprojekts wurden die Ergebnisse einer im BEBzpunktprogramm halbjéhrlich bei allen
Stutzpunktspielern durchgefiihrten technomotorisddergnostik erfasst. Diese technomotorische
Diagnostik umfasst jeweils einen Test zum 20m-3paar Laufgewandtheit, zum Dribbling, zur
Ballkontrolle, zum Torschuss und zum Balljonglie@®#B, 2013). Die Ergebnisse dieser Einzel-
tests werden — mit Ausnahme des nachtréglich dihgiefin Balljongliertests — in einem technomo-

torischen Gesamtscore zusammengefasst.

Im Hinblick auf die RAE-Forschung in dieser Arbgst fur die Analyse des Zusammenhangs zwi-

schen dem relativen Alter und der Leistungsfahigéter Spieler eine ausreichende testtheoretische
Gute der technomotorische Diagnostik als Messingtnt vorauszusetzen. Eine Analyse der prog-

nostischen Validitat der erhobenen motorischentuegsmerkmale ordnet die Bedeutung der mo-

torischen Leistungsfahigkeit als Talentmerkmal ein.

1.4 Problemstellung und Aufbau der Dissertation

In dieser Arbeit soll das Ausmald des RAE im DFB+{Naachsfordersystem quantifiziert und seine
Entstehungsursachen genauer verstanden werderBasig der Ergebnisse sollen mogliche Inter-

ventionsmalRnahmen zur Reduktion des RAE in den®emtwickelt werden.

Der weitere Aufbau der Synopsis der kumulativensBitation gliedert sich in drei Abschnitte. Im
folgenden Abschnitt 2 werden zur theoretischen krodg der Problemstellung bestehende Theo-
rien zur RAE-Entstehung zusammengefasst (2.1) iindié empirische Analyse des RAE im DFB-

Nachwuchsfordersystem fur den mannlichen Nachwuésfll konkretisiert (2.2).

Abschnitt 3 beinhaltet die in den empirischen Fousgsstand eingeordneten, eigenen empirischen
Studien, die in Zeitschriften mit peer-review-Begglttung publiziert wurden. Die Studien in Ab-
schnitt 3.2 befassen sich mit Ursachen der RAEtEmisig beim Talentselektionsprozess. Zur
Analyse der Beziehung zwischen dem relativen Alted der Leistungsfahigkeit eines Spielers
wurden die Ergebnisse einer motorischen Diagnagikwendet. Um die psychometrischen Eigen-
schaften und die Relevanz der untersuchten molamsteistungsfaktoren als Talentmerkmale fur
das zuklnftige Leistungspotential abzusichern, emrdwei vorbereitende Studien durchgefihrt.
Die beiden zugehdrigen Publikationen (1) und (8§l sinter maRgeblicher Mitarbeit des Doktoran-
den als Co-Autor entstanden und werden in der S§iaap Form einer Kurzzusammenfassung vor-
gestellt (vollstandige Publikationen im Anhang).nDgeiden vorbereitenden Studien schlief3t sich
die Publikation (3) der ersten RAE-Studie zum Zusemhang zwischen dem relativen Alter, der
korperlichen Reife und der motorischen Leistunggiédit an.
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(1) Honer, O., Votteler, A., Schmid, M., Schultz, FR&th, K. (2015). Psychometric properties of the mo
tor diagnostics in the German football talent idf@ation and development programmiournal of
Sports Science83(2), 145-159.

(2) Honer, O. & Votteler, A. (2016). Prognostic relegarof motor talent predictors in early adolesceace:
group- and individual-based evaluation considedifterent levels of achievement in youth football.
Journal of Sports Science®, 2269-2278. doi: 10.1080/02640414.2016.1177658

(3) Votteler, A. & Honer, O. (2014). The relative adgéeet in the German Football TID Programme: Biases
in motor performance diagnostics and effects oglsimotor abilities and skills in groups of selekcte
players.European Journal of Sport Sciendel(5), 433-442.

Abschnitt 3.3 enthalt die Publikation (4) mit deveiten Studie zum RAE. Diese befasst sich mit
dem Einfluss der strukturellen Eigenschaften de8Dlachwuchsférdersystems auf die RAE-
Entstehung. In der Studie wird untersucht, zwisclveichen Selektionsniveaus und Altersklassen

Anderungen im AusmaR des RAE geschehen und welalemfEelektionsprozesse fir diese Ande-
rungen verantwortlich sind.

(4) Votteler, A., & Honer, O. (2017). Cross-sectionatldongitudinal analyses of the relative age effact
German youth football. German Journal of Exercis# &port Research. doi: 10.1007/s12662-017-0457-
0

Begleitend zu diesen vier Verdoffentlichungen demkiativen Dissertation wurden im Promotions-

zeitraum weitere diverse Publikationen (5)-(9) wbegt:

(5) Votteler, A. & Honer, O. (2012). Auswirkungen desl&ive Age Effects auf die motorische Leistungs-
fahigkeit von DFB-Stutzpunktspielern. In C.T. Jans€. Baumgart, M. Hoppe & J. Freiwald (Hrsg.),
Trainingswissenschaftliche, geschlechtsspezifisstftemedizinische Aspekte des Hochleistungsful3balls
- Beitrage und Analysen zum Ful3ballsport

(6) Votteler, A. & Honer, O. (2012). Die Berucksichtiggides relativen Alters als Voraussetzung einer ob-
jektiven Talentdiagnostik anhand technomotorischests im Fuf3ball. In S. Kénig, D. Memmert & M.
Kolb (Hrsg.), Sport - Spiel - Unterricht (S. 198kerlin: Logos.

(7) Votteler, A. & Honer, O. (2013). Der Relative Alseffekt—ein heuristisches Modell zur Entstehung und
Entwicklung in einem Nachwuchsférdersystem. In fedsl M. Gruber & A. Woll (Hrsg.), Sportwissen-
schaft Grenzenlos (S. 252). Hamburg: Czwalina.

(8) Votteler, A., Murr, D. & Honer, O. (2014). Assesgihiological maturity in youth football - psychomet
ric propterties of the maturity offset-protocol. sn De Haan, C.J. De Ruiter & E. Tsolakidis (Hrsg.)
19th Annual Congress of the European College oftSpmence (S. 257). Amsterdam.

(9) Honer, O., Schultz, F., Schreiner, R. & Votteler,(2016). Prognostic validity of motor diagnostins
the German talent identification and developmeog@m. In T. Favero, B. Drust & B. Dawson (Eds.),
International Research in Science and Soccer [IZpp-276). London: Routledge.
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Im vierten Abschnitt werden die Ergebnisse der eisgdien Studien zusammenfassend diskutiert
(4.1) und mogliche Implikationen fur eine zukin&iRAE-Forschung (4.2) sowie Interventions-
mal3nahmen zur Reduktion des RAE in der Praxister&4.3).
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2 Theoretischer Hintergrund

2.1 Bedingungsmodell zur Entstehung des RAE

Das Phdnomen RAE wird seit Uber drei Jahrzehnterntwissenschaftlich untersucht. Die Anzahl
publizierter Studien zum RAE ist grol3 und stetigagtumend (S. Cobley, Baker, Wattie, & McKen-
na, 2009; Vaeyen, Coelho e Silva, Visscher, Phalgts, & Williams, 2013). Auch in den 6ffentli-
chen Medien wurden die negativen Folgen des RANaohwuchsfordersystemen mehrfach ange-
prangert (Albrecht, 2013; Gladwell, 2008; Jacks2®l 1; Venohr, 2013). Umso mehr erstaunt es,
dass bisher keine systematische Reduktion des RAdel Praxis feststellbar ist (Helsen et al.,
2012; Nolan & Howell, 2010). Ein mdglicher Grunektiir ist, dass trotz langjahriger Forschungs-
tradition die Grinde fur die Entstehung eines RAEmem gewissen Grad immer noch unklar sind
(Roberts, 2014).

Die meisten Publikationen zum RAE basieren auf esgiien Studien und sind gepragt von
»observational exploratiorigHancock, Adler & Cété, 2013, S. 630), d. h. Ustechungen, in de-
nen die Existenz und das Ausmal} des RAE in vemehan Stichproben festgestellt wurden. Die
Anzahl theoretischer Beitrage mit dem Versuch eMedellbildung zur RAE-Entstehung ist hin-
gegen begrenzt, weshalb Cobley, Abraham und Bak@d8) den Forschungsstand zur RAE-
Entstehung alsitheoretischcharakterisieren. Ein theoretisches Modell ernabgles die Ursache-
Wirkungs-Beziehung zwischen den beteiligten Merlanahufzeigen (Ashworth, 2007) und eine
logisch konsistente Einordnung. Dies soll die zus@mhangende Interpretation bestehender empi-
rischer Erkenntnisse ermoglichen sowie zur Genanggmeuer, empirisch Uberprifbarer Hypothe-
sen fuhren (DePoy & Gitlin, 2005). Die mangelndeattetische Diskussion limitiert somit das Ver-
standnis der RAE-Entstehung und behindert folgliehEntwicklung von Interventionsmaflinahmen
zu seiner Reduktion (Wattie, Schorer & Baker, 20C8her erachten Hancock, Adler, et al. (2013)
die Intensivierung der theoretischen DiskussionRAE-Entstehung als zentralen zukinftigen For-

schungsschritt.

Zwei der wenigen theoretischen Ansatze zur Entstghiles RAE (vgl. Abbildung 5) formulieren
die folgenden zentralen Grundannahmen zur Entstekiumes RAE (Dixon et al., 2011; Lames et
al., 2008):

Relativ Altere haben einen Entwicklungsvorsprung.

Die mit dem Entwicklungsvorsprung einhergehendeeh®h_eistungsfahigkeit fihrt zu einer

vermehrten Auswabhl relativ Alterer bei Talentsel@ksmalnahmen.
Ausgewahlte Talente erhalten auf hdherem Selekiigaau eine bessere Forderung.
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Die vermehrte Selektion relativ Alterer in Verbimdpumit einer besseren Férderung auf htheren
Selektionsniveaus fuhrt zu einem sich verstarkemderslauf.

Zwei Erklarungen fur eine hohere Leistungsfahigkelativ Alterer sind eine durchschnittlich ho-
here (physische und psychische) Reife (,maturasielection“-Hypothese) sowie eine umfassende-
re Unterstltzung ihrer Leistungsentwicklung durah Trainer, z. B. im Form vermehrter Spielan-
teile und intensiverem Feedback (Baker, Schorer abl€y, 2010; Grossmann & Lames, 2013;
Simmons & Paull, 2001). Wahrend relativ Altere hgerff bei TalentselektionsmaRnahmen ausge-
wahlt werden, scheiden relativ Jingere aufgrunereimegativeren Selbsteinschatzung haufiger
freiwillig aus einer Sportart aus (Boiché & SarrgzR009; Delorme et al., 2010a; Delorme,
Chalabaev, & Raspaud, 2011; Fenzel, 1992).

. b .
a) Relatives Alter ) relatives
(bezogen auf Stichtag) Alter
[ Selektion }_—-}\ Ausschluss oder
i -— Drop-out i -
(z.B. durch Trainer) 3 rop-ou Erfahrung Entwicklungs
G stand
Férderungsmdglichkeiten
(z. B. bessere Anleitung, Spielzeit, Wettkampfniveau) - N
Férder- Leistungs-
b s Feedback
mafBnahmen fahigkeit
Positives Selbstkanzept und Mativation
(z. B. hdheres Selbstvertrauen und TrainingsfleiB)
G Talent-
Kumulierter Vorteil selektion
(z. B. bessere Karrierechancen)

Abbildung 5: Dynamische Modelle zur EntstehungRIBE (a) modifiziert nach Dixon et al. (2011) unl fiodifiziert nach Augste
und Lames (2011)

Einen weiteren theoretischen Ansatz liefern Hanco&#ller, et al. (2013), indem sie sozio-
psychologischen Theorien auf die in der RAE-Prokitkrnbeteiligten sozialen Akteure Spieler, El-
tern und Trainer Ubertragen. Ein Pygmalion-Effe&t ther RAE-Entstehung wirde beispielsweise
bedeuten, dass relativ Altere eine bessere Leisamgicklung zeigen, weil Trainer von ihnen

auch hohere Leistungen erwarten und einfordern.

Nach Ansicht von Wattie et al. (2015) sind dieseotletischen Ansatze nicht umfassend genug, da
sie nicht alle bei der RAE-Entstehung beteiligtenflEssfaktoren (z. B. Geschlecht) bertcksichti-
gen. AulRerdem sei ein Modell, wie das von Hancdaker, et al. (2013) nicht spezifisch genug,
um die bisher erzielten Ergebnisse sportwissensar RAE-Studien konsistent erklaren zu
konnen. Dies fuhrt zur Schlussfolgerung, dass gettical framework that describes the breadth
and complexity of relativ age effects (RAES) in gmtoes not exist in the literature” (Wattie et al.
2015, S. 83).
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In einem aktuellen Theoriebeitrag prasentierengéigannten Autoren daher eimfassendes theo-
retisches Rahmenmodelir RAE-Entstehung im Sport, basierend auf Newtisvicklungsmodell
der Personen-, Aufgaben- und Umweltbedingen (New8B6f und den Grundprinzipien der The-

orie der Entwicklungssysteme (Lerner, 2007).

Individuelle Bedingungen

Geburtstag
Geschlecht
Physische Reife und GréBe
Lateralitat

Umweltbedingungen Aufgabenbedingungen

Trainer
Nachwuchsférdersystem
Popularitat der Sportart
Familie

Wettkampfniveau
Anforderungsprofil Sportart
Leistungsvorteil Lateralitat
Spielposition

Abbildung 6: Bedingungsmodell fir die Entstehung rddativen Alterseffekts (RAE) im Sport. Fiktiye8fikation der Bedingungen
fur interaktive Mannschaftssportarten modifizieach Wattie et al. (2015, S. 90). RA relatives Alter

Individuelle Bedingungen

Der Geburtstag eines Individuums ist eine struliei@nveranderbare) individuelle Bedingung fur
die RAE-Entstehung. Er wird durch die Interaktiort der institutionellen Umweltbedingung ,Al-
tersklasseneinteilung anhand eines Stichtags” alativen Alter eines Individuums. Als weitere
individuelle Bedingung fur die Entstehung eines RAE die biologische Frih- und Spatreife (Un-
terschied zwischen chronologischem und biologiscAdter). Individuen mit friherem Beginn des
adoleszenten Wachstumsschubs und hoherer Groestwasigeschwindigkeit wahrend der Ado-
leszenz werden beispielsweise von Eishockeytraieken als talentiert eingeschatzt und daher héu-
figer selektiert (Sherar, Baxter-Jones, FaulkneR@ssell, 2007). Eine biologische Frihreife kann
auch den zeitlichen Entwicklungsruckstand eineatikelliingeren kompensieren. Als Indiz dafir

fanden eine Eishockeystudie keine Gro3en- und Gesuaterschiede zwischen relativ alteren und

° Ahnlich dem Person-Aufgabe-Umweltbezug im handétheoretischen Systempostulat von Nitsch (2004)
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relativ jingeren Nachwuchstalenten nach vorherigaientselektionsmalRnahmen (Baker, Cobley,
Montelpare, Wattie & Raught, 2010).

Das Geschlecht ist ebenfalls eine individuelle Bgdng der RAE-Entstehung. Im Vergleich zu
Mannern wurden bei Frauen tendenziell weniger lgaufid eher geringere relative Alterseffekte
nachgewiesen (Cobley, Baker, et al., 2009). Allegdifand man in manchen Stichproben auch Ef-
fekte gleichen Ausmalies fir beide GeschlechterdE&igO'Donoghue, 2005; Raschner, Miller, &
Hildebrandt, 2012; Romann & Fuchslocher, 2013; W8mith, Paterson, & Horton, 2010). Ein
weiterer Sonderfall bei Frauen ist ein umgekeRA&E mit einer Uberreprasentation relativ jinge-
rer Madchen in Sportarten wie Turnen, in denen déhanere, androgyne Athletinnen bevorteilt
sind (Hancock, Starkes & Ste-Marie, 2016). Vernaitelrsachen fir Auswirkungen des Ge-
schlechts auf die RAE-Entstehung sind Unterschieddiming und Tempo von Reifeprozessen
und deren geschlechtsspezifische Folgen fur diestlwegsfahigkeit (McManus & Armstrong,
2011). Eine weitere Rolle bei der Wirkung des Gksutits spielen soziale Geschlechterrollen
(Vincent & Glamser, 2006) und geschlechtsspezi@sdhterschiede in der Popularitat einer Sport-
art und damit dem Konkurrenzkampf bei Talentseteldprozessen (Baker et al., 2009).

Aufgabenbedingungen

Das Wettkampfniveau, auf dem eine Sportart betnebid, ist eine Aufgabenbedingung fur die
RAE-Entstehung (Cobley, Baker, et al., 2009). Htnidarung fur diese Bedingung ist, dass nur bei
vorhandenem Konkurrenzkampf um die geringere Anzahhandener Platze auf htherem Wett-
kampfniveau, die Grundvoraussetzung fur die RAEstemung bei Selektionsmal3ihahmen gegeben
ist (Musch & Grondin, 2001). Weitere Aufgabenbedingen bei der RAE-Entstehung im Sport
sind das Anforderungsprofil und die Regeln der &wgrausdifferenziert in manchen Sportarten in
Besonderheiten einzelner Spielpositionen oder saéedlicher Teildisziplinen. In Sportarten, die
grof3e oder korperlich durchsetzungsfahige Athletdéordern (z. B. Eishockey, Handball, Fu3ball,
etc.), werden zumeist grof3e relative Alterseffakdehgewiesen (vgl. Tabelle 1 in Abschnitt 1.2).
Dahingegen zeigen Sportarten, in denen kleine,etbich weniger weit entwickelte Athleten im
Vorteil sind (z. B. Tanzen, Eiskunstlauf oder rhngteche Sportgymnastik), keine oder sogar umge-
kehrte Effekte (vgl. Tabelle 2 in Abschnitt 1.2)n& Ausnahme bilden kraftbetonte Zweikampf-
sportarten mit Gewichtsklasseneinteilung (z. B.aJuflei denen die Beschrankung des Koérperge-
wichts den Reifevorteil relativ Alterer limitiertA{buquerque et al., 2013; Delorme, 2013). Auf
Spielpositionen und in Teildisziplinen mit domingoitysischen Anforderungen fand man héhere

relative Alterseffekte als bei eher technisch-kamatlv fordernden Aufgaben (Garcia, Aguilar,
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Romero, Lastra & Oliveira, 2012; Hollings, Hume &opkins, 2012; Romann & Fuchslocher,
2011a). Eine Erklarung hierfur ist, dass physidoge Leistungsfaktoren, wie z. B. Kraft, starker
vom kaorperlichen Entwicklungsstand und damit vornatreen Alter abhangig sind als technisch-
koordinative Leistungsfaktoren (Malina, Coelho & Figueiredo, 2013).

Die individuelle Bedingung ,Lateralitat eines Attda“ wirkt in Interaktion mit der Aufgabenbe-

dingung ,Sportart* (Spielposition) auf die RAE-Emisung. Linkshander zeigten im Vergleich zu
Rechtshandern geringere relative Alterseffekte,m&e aufgrund ihrer Lateralitat in der Sportart
Leistungsvorteile gegentber Rechtshandern haberglenthzeitig aufgrund ihres geringeren Be-
volkerungsanteils einem kleineren Konkurrenzdrugkgesetzt sind (Loffing, Schorer, & Cobley,
2010; Schorer, Cobley, et al., 2009).

Umweltbedingungen

Zu den globalen Umweltfaktoren bei der RAE-Entstghwerden die nationale Popularitat einer

Sportart, strukturelle Besonderheiten des Nachwiothsrsystems und der Einfluss der Sozialagen
ten Trainer und Eltern gezahlt (Wattie et al., 20%e nationale Popularitéat einer Sportart hat ei-
nen Einfluss auf den Konkurrenzkampf bei Selekipoozessen. So fand man beispielsweise keinen
RAE in Israel, wo zusatzlich zu einer geringen Bkertungsdichte der Sport eine weniger ausge-
pragte kulturelle Bedeutung hat (Lidor et al., 201Bemerkenswerterweise konnte auch in den
hochkompetitiven US-amerikanischen Profiligen NBAduNHL im Basketball und American
Football kein RAE gefunden werden (Cété, Macdond&ldker & Abernethy, 2006; Daniel &
Janssen, 1987). Grund hierfir ist vermutlich dasbfidungssystem in diesen Sportarten, das sich
deutlich von den europaischen Nachwuchsférdersysteumterscheidet. Im US-Football werden
beispielsweise Kinder und Jugendliche nicht nurhnilacem chronologischen Alter sondern auch
nach Gewichtsklassen eingeteilt, was ahnlich widuaho zu einer Reduktion der Reifevorteile rela-
tiv Alterer fiihrt.

Die Eltern gehéren zu den Umweltbedingungen der HEAEtehung, da sie Einfluss auf die Sport-
partizipation ihres Kindes nehmen kénnen. Ein RAHKIer jingsten Altersklasse auf Amateurni-
veau im Eishockey suggeriert, dass die Elternivelaingerer ihrem Kind weniger haufig den Ein-
stieg ins Eishockey zutrauen (Hancock, Ste-Mari& @ng, 2013). Nach dem Sportarteneintritt
nimmt der Einfluss der Eltern auf den Karrierewéguad dafir der Einfluss des Trainers zu. Der
Trainer bestimmt bei Talentselektionsprozessen ldw®ine Selektionsstrategie, welche Nach-
wuchsathleten Zugang zu hdheren Selektionsnivedngdten. Nach Jimenez und Pain (2008) er-

hoht insbesondere eine auf kurzfristigen mannsiatteén Erfolg abzielende Selektionsstrategie ei-
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nes Trainers, mit Fokus auf die aktuelle Leistualygjkeit seiner Spieler, das Risiko fur die Entste-

hung eines RAE.

Interagierende Bedingungen, Diversitat und Plasiizi

Die individuellen Bedingungen, Aufgabenbedingungerd Umweltbedingungen interagieren im
Modell von Wattie et al. (2015) bei der RAE-Entste miteinander. Konkrete Beispiele fur Inter-
aktionen sind die tennis- und handballspezifischeistungsvorteile fur Linkshander und die ge-
schlechtsspezifische Popularitat einer Sportart.

Um den empirischen Forschungsstand konsistentrerki&u kdnnen, wurden zudem die Prinzipien
Diversitat und Plastizitat der Systemtheorie futvitoklung dem Modell hinzugeftigt (Wattie et al.,
2015).Plastizitatbedeutet, dass sich das Bedingungssystem miteleverdndern kann. Ein Bei-
spiel fur plastische individuelle Bedingungen ber RAE-Entstehung ist, dass in einer Gruppe se-
lektierter Nachwuchstalente mit bereits vorhanderiefE die Unterschiede in der kérperlichen
Reife geringer werden als auf Amateurniveau (Maéhal., 2013). Eine zeitliche Veranderung des
individuellen Bedingungsgefiiges zeigt auch der @umanhang zwischen biologischer Reife und
Leistungsfahigkeit, der in einer Stichprobe vonehdjul3ballern zwischen verschiedenen Alters-
klassen variiert (Figueiredo, Coelho e Silva, & Mal 2011). Aus diesem Grund haben Wattie et
al. (2015) die Bedingung ,bereits existierender RAIS zeitliche Entwicklungsbedingung in ihr
Modell aufgenommen.

Das PrinzipDiversitat berticksichtigt interindividuelle Unterschiede ierdwWirkung des Bedin-
gungsgefiges. Aufgrund der sehr vielfaltigen EnklWingsbedingungen und komplexen Interakiti-
onsmuster innerhalb und zwischen den Bedingungshere weist jeder Nachwuchssportler ein in-
dividuelles Bedingungsgefiige auf. Ein Beleg fur Digersitéat ist, dass auch viele relativ jingere
Nachwuchsathleten trotz ihres zeitlichen Entwicklsniickstands den Weg durch Nachwuchsfor-
dersysteme in den Spitzensport finden. Wattie.e28l15, S. 89) schlagen daher vor, die Wirkung
der Bedingungen bei der RAE-Entstehung probalsthkti aufzufassen: ,relative age

(dis)advantages are probabilistic rather than detestic”.

2.2 Konkretisierung der Bedingungen zur Analyse des RAE im DFB-

Nachwuchsférdersystem

Das Modell von Wattie et al. (2015) liefert eindredretischen Rahmen zur konsistenten Einord-
nung bisheriger RAE-Studien und zeigt zukinftigesEbungsansatze auf. Eine Schlussfolgerung

der Autoren ist, dass eine zukiinftige Erforschueg Bomplexen Bedingungsgefiiges der RAE-
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Entstehung ,the systematic study of multiple caists within a particular developmental system*

beinhalten und dazu multivariate statistische Meéémoeinsetzen sollte (Wattie et al., 2015, S. 91).

Im Rahmen dieser Dissertation werden mehrere Badipgn der RAE-Entstehung im Nachwuchs-
fordersystem des Deutschen Fu3ball-Bundes untdrdunfeachtet der Forderung nach einem um-
fassenden multivariaten Ansatz, miussen bei derdlipaalisierung des Modells fir die empiri-
schen Studien dieser Dissertation aus untersucbkogemischen Griinden einige Bedingungen fi-
xiert und damit der Geltungsbereich der Ergebnissgeschrankt werden. Die Ubertragbarkeit der
Ergebnisse auf andere Auspragungen dieser Bediegublgibt gegeben, wenn sie mit den in die-
ser Dissertation vorliegenden Auspragungen funkfigim Hinblick auf die RAE-Entstehung)
Ubereinstimmen. Zudem werden einige Bedingungen yorheriger Begriindung) nicht kontrol-

liert.

Individuelle Bedingungen des RAE im DFB-Nachwucebsf§ystem

Das relative Alter als Interaktion der individuell®edingung Geburtstag mit der Umweltbedin-
gung Altersklasseneinteilung anhand eines Sticleagaodellieren ist aus theoretischer Sicht kon-
sequent. Zudem fordert diese Betrachtungsweise/destandnis der Effekte eines Stichtagwech-
sels auf den RAE (Ostapczuk & Musch, 2013) undKb@zeption von Reduktionsmalinahmen
(Baker, Schorer, et al., 2010). Da der in Deutsthlian Jahr 1997 vollzogene Stichtagwechsel die
in dieser Dissertation untersuchten Spielerjahrgémght betrifft, wird zur Vereinfachung des Mo-

dells auf die formale korrekte Darstellung verzéthind stattdessen das relative Alter als individu-
elle Bedingung aufgenommen. Die Festlegung deviddellen Bedingung Geschlecht auf mannli-

che Nachwuchsspieler geht auf die mit dem Projekipa DFB vereinbarten Forschungsschwer-
punkte fur das Projekt ,sportwissenschaftliche Bagghg des DFB-Talentférderprogamms® zu-

ruck. Funktionale (veréanderbare) individuelle Begingen, werden von Wattie et al. (2015) nicht
aufgefuhrt, gehoérten aber ebenfalls zu den Einfillkssren bei der RAE-Entstehung. Als Merkmale
fur die korperliche Reife werden in dieser Disseota die Korpergrofe und das Korpergewicht
verwendet. Eine weitere zentrale individuelle Bgding ist die aktuelle Leistungsfahigkeit des
Nachwuchsathleten, da sie bei Talentselektionspeezeals zentraler Indikator fur das Talentpo-
tential eines Spielers verwendet wird (Emrich et 2008). Als Merkmale der sportlichen Leis-

tungsfahigkeit wurden die Testergebnisse der DRBzBunktspieler in der technomotorischen Di-

agnostik (vgl. Abschnitt 1) verwendet.
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Aufgabenbedingungen des RAE im DFB-Nachwuchsfgrsters

Die Aufgabenbedingung Sportart wird auf Ful3baltdgekegt. Nicht kontrollierbare Aufgabenbe-
dingungen in den empirischen Studien der Dissertaind die Spielposition und die Lateralitat der
Nachwuchsspieler. Eine Kontrolle der Spielposiigtirschwierig, da die Positionen im Kinder- und
Jugendbereich sehr haufig gewechselt werden. DaGdassdlagentraining im unteren Jugendbe-
reich eher positionsunspezifisch ist, kann man dbeon ausgehen, dass die fehlende Kontrolle der
Bedingung Spielposition keine gravierende Schwéadreempirischen Studien ist. Die ebenfalls
nicht kontrollierte Lateralitat spielt aufgrund emeher beidfliRigen Ausbildung im Ful3ball — wenn
Uberhaupt — nur in Verbindung mit der Bedingungefasitionen eine Rolle. Da aber die Bedin-
gung Spielposition nicht kontrolliert wird, ist @rBetrachtung der Lateralitat in diesem Fall unnoé-
tig. Eine zusatzliche Aufgabenbedingung in den eisgien Studien der Dissertation ist das An-
forderungsprofil der Tests aus der technomotorisddegnostik. Die Diagnostik erfasst sowohl
physiologische Schnelligkeitsfahigkeiten als audBbiallspezifische technische Fertigkeiten der un-
tersuchten DFB-Stutzpunktspieler (vgl. Abschnig)1.

Umweltbedingungen des RAE im DFB-Nachwuchsfordiensys

Die Umweltbedingungen werden uber die Wahl derhpticbe auf die Verhéltnisse im DFB-
Nachwuchsfordersystem festgelegt. Gleichzeitig wiainit auch die Popularitat der Sportart und
der damit verbundene Konkurrenzdruck bei Selektrafsnahmen auf die Auspragungen im deut-
schen Nachwuchsful3ball fixiert. Der Einfluss deteEl beim Sportarteneintritt ist fir diese Disser-
tation wenig relevant, da die in den folgenden eisghen Studien untersuchten Nachwuchsspieler
zu Beginn der systematischen Talentselektion im DEBhwuchsférdersystem in der Altersklasse
Ull bzw. U12 sind und in der Regel bereits mehdatee auf Vereinsniveau Ful3ball gespielt ha-
ben. Eine bedeutsame, nicht kontrollierte Umwelithguihg ist der Einfluss des Trainers. Da der
Prozess der Talentselektion eine Grundvoraussetiiurdje RAE-Entstehung ist, ist die Strategie,
mit der ein Trainer die Begabung der Nachwuchsspidentifiziert, von zentraler Bedeutung. Der
plausiblen Annahme, vor allem die aktuelle Leisafégigkeit eines Nachwuchsspielers sei fir den
Trainer zur Einschatzung seiner Begabung wichégltfin der Regel eine empirische Bestéatigung.
Maogliche weitere Annahmen zur Selektionsstrategig Trainers auf der Basis von Informationen
Uber seinen Ausbildungsstand, Gber den auf iheddsin kurzfristigen Erfolgsdruck und tber die
Selektionsphilosophie der jeweiligen Talentférdstitaition sind aul3erst spekulativ. Daher bleibt
die Selektionsstrategie des Trainers, wie in vigladeren RAE-Studien auch, eine nicht kontrol-

lierte Bedingung.
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Plastizitat und Diversitat

Eine grol3e Rolle in den empirischen Studien di€sssertation spielt das Prinzip der (zeitlichen)
Plastizitat der Entwicklungsbedingungen, das Wattial. (2015) mit der Entwicklungsbedingung

relatives Alter bzw. RAE in das Modell integrierdn.dieser Dissertation wird diese zeitliche Ent-

wicklungsbedingung mit der Annahme modifiziert, fladse RAE-Entstehung bei Talentselektions-

prozessen stattfindet und Talentselektion in syatesch organisierten Nachwuchsfordersystemen

ein mehrfach gestufter Prozess ist, der jeweilmbddbergang zwischen Altersklassen und Selekti-
onsniveaus stattfindet (Till, Cobley, Wattie, et @010). Anstelle der Bedingung RAE werden da-

her die Altersklasse und das Selektionsniveau atiche Bedingungen in das Modell aufgenom-

men. Insgesamt ergibt sich fiir die empirischen igtudieser Dissertation somit das in Abbildung 7

dargestellte heuristische Modell.

Individuelle Bedingungen

Relatives Alter
Geschlecht = mannlich
Motorische Leistungsfahigkeit
GroRe und Gewicht

Selektionsniveau
Altersklasse

Umweltbedingungen Aufgabenbedingungen

Sportart = FuBball
Anforderungsprofil
motorische Tests

Nachwuchsférdersystem
= DFB-Nachwuchs-
férdersystem

Abbildung 7: Bedingungsmodell der RAE-Entstehurtdiriérten und kontrollierten Bedingungen in derhegenden Dissertation
in Anlehnung an das Modell von Wattie et al. (2015)
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3 Empirische Studien der Dissertation

3.1 Problemstellung der empirischen Studien

Die kumulative Dissertation enthalt vier Publikaigm. Die beiden ersten Publikationen beinhalten
Vorstudien zur testtheoretischen Gute der technomotorischeragriostik im DFB-
Stutzpunktprogramm (Abschnitt 3.2.1) und zur pragisehe Validitat der erhobenen Merkmale fur
zukUnftige Spitzenleistungen (Abschnitt 3.2.2).

Die erste Studieum RAE im DFB-Nachwuchsfordersystem untersucimt desammenhang zwi-

schen den individuellen Bedingungen relatives Alk&rperliche Reife und motorische Leistungs-
fahigkeit bei Stutzpunktspielern des DFB-Talent&pitogramms (Abschnitt 3.2.3). Besonderheit
der Analyse ist ein Vergleich der motorischen Leigisunterschiede zwischen Spielern unter-
schiedlichen relativen Alters innerhalb einer Adtdasse mit einer Gber die Altersklassen U12 bis

U15 reichenden Entwicklungskurve motorischer Leiggfahigkeit.

Im Fokus derzweiten Studigum RAE steht die Rolle der zeitlichen Entwicklahgdingungen Se-
lektionsniveau und Altersklasse bei der RAE-Entstgh (Abschnitt 3.3). Die quer- und
langsschnittliche Studie untersucht, zwischen weiclselektionsniveaus und Altersklassen im
DFB-Nachwuchsfordersystem Veranderungen im Ausnme3RAE geschehen und durch welche
Talentselektionsprozesse die Veranderungen desARAkaldes verursacht werden.
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3.2 Analyse der individuellen RAE Bedingungen relativesAlter, Reife und motori-

sche Leistungsfahigkeit

3.2.1 Zusammenfassung Vorstudie 1: Testtheoretische Gltker motorischen Diagnostik

Fournal of Sports Sciences, 2014 é Routledge
http://dx.doi.org/10.1080/02640414.2014.928416

Psychometric properties of the motor diagnostics in the German
football talent identification and development programme

OLIVER HONER!, ANDREAS VOTTELER!, MARKUS SCHMID?, FLORIAN SCHULTZ' &
KLAUS ROTH?

nstitute of Sports Science, University of Tiibingen, Tiibingen, Germany and *Institute of Sport and Sports Science, Ruprecht-
Karls University of Heidelberg, Heidelberg, Germany

(Accepted 22 May 2014)

Abbildung 8: Titelseite des Originalartikels puldizt in Journal of Sport Science, 33(2), 145-159.

Ein wichtiger Bestandteil bei der Bereitstellungnvbdlessinstrumenten fir ausgewahlte Talent-
merkmale ist die Analyse der testtheoretischen @iteder differentiellen Stabilitat. Eine ausrei-
chende Reliabilitéat und differenzielle Stabiliteférn wichtige Informationen tber die Messgenau-
igkeit und die fur motorische Merkmale wahrend @eibertdt zu erwartenden hohen inter- und
intraindividuellen Fluktuationen in der Entwickluggbbott & Collins, 2002; Malina, Bouchard &
Bar-Or, 2004). Weiterhin erfordert eine gehaltvdhéerpretation von Testergebnissen deren Vali-
ditat und die Bereitstellung standardisierter Noeme (Kline, 2000). Trotzdem wurde die testtheo-
retische Gite der eingesetzten Messinstrumentelienv(Ful3ball-)Studien nicht oder nur unzurei-
chend beschrieben (Ali, 2011; O'Reilly & Wong, 2R12

Die Studie untersucht die Reliabilitat, differefigeStabilitat und Validitdt der im Rahmen der
technomotorischen Diagnostik am DFB-Stitzpunktprogn durchgefihrten Tests fur Schnellig-
keitsfahigkeiten (Sprint, Laufgewandtheit) und falkpezifische technische Fertigkeiten (Dribb-
ling, Ballkontrolle, Torschuss und Balljonglieresgwie des Gesamtscores und stellt Normwerte ftr
eine standardisierte Interpretation der Testergsenbereit (Honer, Votteler, Schmid, Schultz &
Roth, 2015). Die Stichprobe bestand as68,158 fur das Stutzpunktprogramm ausgewahlten
Spielern der Altersklassen U12 bis U15, die im iAgitn Frihjahr 2004 bis Frihjahr 2012 an min-
destens einer der 17 halbjahrlichen Erhebungerted#inomotorischen Diagnostik teilgenommen

haben.
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Der Gesamtscore und die Schnelligkeitstests zeigipen alle Messzeitpunkte hinweg hohe interne
Konsistenzen und Retest-Reliabilitaten, vergleichiogt &hnlichen Studien (Hulse et al., 2013;
Kutlu, Yapici, Yoncalk & Celik, 2012; Mirkov, Negkovic, Kuxom, Ugarkovic & Jaric, 2008).
Die differentielle Stabilitat nahm bei allen Testsnahezu paralleler Weise mit zunehmender Zeit-
spanne ab. Der Gesamtscore und die Tests Sprifyéxaandtheit und Dribbling zeigten sich da-
bei potentiell relevant fur die Vorhersage zukigeti Leistungen. Die Analyse der faktoriellen Sta-
bilitat kam zu inhaltlich plausiblen und stabileadungen auf zwei empirische Faktoren ,Schnel-
ligkeit* und ,Technik®. Die Analyse der Kriteriumsiliditat zeigte die grof3ten Testunterschiede
zwischen Spielern zweier unterschiedlicher Leisskiagsen fur den Gesamtscore und die Technik-
tests Dribbling und Ballkontrolle. Da beide unterisien Leistungsklassen aus bereits selektierten
Talenten bestanden, ist die eindeutige TrennkeaffTéists hoher zu bewerten als in anderen Studi-
en, die Amateure mit selektierten Talenten verglitfiVaeyens et al., 2006) (Coelho e Silva et al.,
2010).

Die damit insgesamt nachgewiesene testheoretisdbe der Tests ist eine wichtige Voraussetzung
fur eine wissenschaftlich fundierte Einschatzung ald¢uellen motorischen Leistungsfahigkeit der
Spieler. Gleichzeitig zeigt die Vorstudie, dassgigebnisse der technomotorischen Diagnostik ge-
eignet sind fur die angestrebte RAE-Studie zum Zusanhang der motorischen Leistungsfahig-

keit und dem relativen Alter.

3.2.2 Zusammenfassung Vorstudie 2: Prognostische Validid@er motorischen Diagnostik

-
JOURNAL OF SPORTS SCIENCES, 2016 £ ROUtIEdge
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Prognostic relevance of motor talent predictors in early adolescence: A group- and
individual-based evaluation considering different levels of achievement in youth
football

Oliver Héner and Andreas Votteler

Institute of Sports Science, Eberhard Karls University of Tlibingen, Tiibingen, Germany

Abbildung 9: Titelseite des Originalartikels puldizt in Journal of Sports Science, 34, 2269-2278

Die Analyse der prognostischen Validitat eines Magis fur die zukinftige Leistungsfahigkeit ist
im Rahmen der kontroversen Debatte tber die “realewtility and possible pitfalls” (Carling &
Collins, 2014, S. 1207) motorischer Tests bei ddeftselektion von zentralem Interesse. Wahrend
einige Forscher die Vorhersagekraft motorischentsr&s zukinftigen Erfolg aufgrund des kom-
plexen Anforderungsprofils von Spielsportarten whet inter-individuellen Entwicklungsunter-

schiede von Nachwuchsspielern anzweifeln (LidortéG% Hackfort, 2009; Pankhurst & Collins,
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2013), konnten Langsschnittstudien aus dem Fuldiadl generelle prognostische Relevanz ful3-
ballspezifischer Fahigkeiten und Fertigkeiten fas derreichen zukunftiger Wettkampfniveaus auf
Gruppenebene nachweisen (Gonaus & Miller, 2012{Ufgen, M. Elferink-Gemser, K. Lemmink

& C. Visscher, 2014; Huijgen, Elferink-Gemser, P&s¥isscher, 2009; Le Gall, Carling, Williams
& Reilly, 2010). Da Trainer bei der Talentselektionder Praxis Einzelfallentscheidungen treffen,
mussen Uber die prognostische Relevanz motoriSasts auf Gruppenebene hinaus Informationen
Uber die Vorhersagekraft der Tests auf individudlibene bereitgestellt werden. Prognoseaussagen
auf Einzelfallebene sind jedoch Wahrscheinlichleeissagen (Ackerman, 2014), womit eine de-
terministische Entscheidung im Sinne von talentbegr nicht talentiert von vornerein ausgeschlos-
sen ist. Obwohl damit die Spezifikation fester Sehenwerte (Cut-off-Werte) flr eine motorische
Diagnostik als Talentscreening-Instrument illusdmisleibt, (Lidor et al., 2009), kdnnen Informati-
onen Uber die Sensitivitat und Spezifitat der Dagjik bei fiktiven Cut-off-Werten (Anteil korrekt
selektierter Talente und korrekt nichtselektieNerhttalente) fir Sportverbande hilfreich sein. &in
Einsatzmoglichkeit dieser Informationen ware digi@perung von Talentselektionsraten zur Ver-
teilung der verfugbaren Férderressourcen auf deati@rtesten Spieler (Vaeyens et al., 2008).

Die Studie behandelt drei Fragestellungen zur isdgekraft der technomotorischen Diagnostik
im DFB-Stutzpunktprogramm fiir das Erreichen viersehiedener zukinftiger Selektionsniveaus
im bisher kaum untersuchten mittelfristigen Progrzestraum von der frihen bis zum Beginn der
spaten Adoleszenz. Auf Gruppenebene wurde die pstigiche Relevanz der Tests als
Mittelwertsunterschied zwischen verschiedenen Sieledniveaus analysiert. Auf individueller
Ebene wurden individuelle Selektionswahrscheinlgtdn fur das Erreichen der zukilnftigen Se-
lektionsniveaus und die Sensitivitdt und Spezifitét Diagnostik bei fiktiven Cut-off-Werten ana-
lysiert.

Die Stichprobe bestand aus 22,843 U12-Stutzpurdtespi, die zu den Top 4% ihrer Altersklasse
im deutschen Ful3ball gehorten. Die Ergebnisse etdgmbmotorischen Diagnostik in der Alters-
klasse U12 fungierten als Pradiktoren fur die zd#gen Selektionsniveaus der Spieler in der U16
bis U19 (Jugendnationalmannschatft, Verbandsauswalstungszentrum, nicht selektiert). Das re-
lative Alter wurde als Kovariate verwendet, um ealétive Altersunterschiede zurtickgehende Leis-
tungsunterschiede in den Pradiktoren zu berlickgemt Es zeigte sich jedoch kein signifikanter
Einfluss der Kovariate.

Die Gruppenmittelwerte zwischen den verschiedengistlingsniveaus belegen die prognostische
Relevanz aller Pradiktoren tber einen mittelfristigZzeitraum. Die Effektgrof3en des Gesamtscores
(0,29< d > 0,90) waren grol3er als in vergleichbaren Studi@&mngus & Miller, 2012; B. Huijgen
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et al., 2014) (Figueiredo, Gongcalves, Coelho eaSévMalina, 2009a; Le Gall et al., 2010). Die
Trennkraft der Einzeltests variierte zwischen derstungsniveaus und zeigte sich im Vergleich mit
anderen Studien stichproben- und designspezifiBoh. geringen individuellen Selektionswahr-
scheinlichkeiten zeigten eine beschrankte Vorhelgadt der Diagnostik fir den Einzelfall auf.
Diese war aufgrund der geringen durchschnittlicBetektionsraten fiir héhere Leistungsniveaus
nicht unerwartet (Ackerman, 2014) und deutet niasttvendigerweise auf eine geringe prognosti-
sche Validitat der Diagnostik hin. Dass Spieler eiitem Prozentrang von iiber 98%n den Test-
ergebnissen eine 12fach héhere Chance hatten,dhagemnalspieler zu werden als Spieler mit ei-
nem geringeren Prozentrang, deutet darauf hin,dlad3iagnostik insbesondere fir Ergebnisse auf
Top-Niveau hohe prognostische Relevanz hat. Digif¢ der Diagnostik wird bei einer simulier-
ten Steigerung von Cut-off-Werten im Gesamtscon®lgr Die damit gleichzeitig verursachte ge-

ringere Sensitivitat wirde aber einen theoretisdhenust von tatsachlichen Talenten bedeuten.

Die Ergebnisse der verschiedenen Ansatze zur pstignben Validitdt der Tests zeigen sowohl
Chancen als auch Risiken einer bundesweiten Digiggnosotorischer Leistungsmerkmale. Auf
Trainerseite kann die Diagnostik das geschulteektive Auge des gutausgebildeten Jugendtrainers
bei der Talentselektion nicht ersetzten, ihm jedoidteliche Wahrscheinlichkeitsaussagen als Zu-
satzinformation liefern. Aus Sicht der Sportverb@ndnnen die Ergebnisse zur Sensitivitat und

Spezifitat eine Orientierung fur die Steuerung $atektionsraten geben.

Fur die folgende RAE-Studie zum Zusammenhang zwisatem relativen Alter und der motori-
schen Leistungsfahigkeit bleibt festzuhalten, d#iesErgebnisse in der technomotorischen Diag-
nostik tUber eine reliable und valide Rickmeldunghzaktuellen motorischen Leistungsstand hin-
aus, als Talentmerkmale eine gewisse Aussagekilafidéds zukinftige Leistungspotential der
Nachwuchsspieler haben.

% Ein Prozentrang von 99% bedeutet, dass die Lejstimes Spielers besser war als die von 99% darandpieler.
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3.2.3 Studie 1. Zusammenhang relatives Alter — Reife — ntorische Leistungsfahigkeit
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Abstract

This study examined the disturbing effects of retafige on the talent identification process in the
talent development programme of the German Footkedbciation. The bias in the selection rate
was examined via the extent of relative age efféldte bias in motor performance diagnostics was
analysed by comparing the motor performance otctsdeplayers with normal motor development.
The mechanisms underlying the relative age biasesotor performance were examined by model-
ling the direct and indirect effects of relativeeagn single motor performance tests for sprint; run
ning agility, dribbling, ball passing and contraicashooting. Data from 10,130 selected football
players from the U12 to U15 age groups were catkat autumn 2010. The birth distribution dif-
fered significantly from the reference populatiothvapproximately 61% of the players born in the
first half of the year. The selection probabilitgsvapproximately two times higher for players born
in the first quarter of the year than for playeosrbin the last quarter. Revised motor performance
diagnostics showed better results on average fatively younger players. Path analysis revealed
significant direct and indirect relative age eftefrr physiologically demanding tests and almost no
effects for technically demanding tests. Large damspes allowed high resolution in relative age
with additional informational content and multive® modelling of the complex relationships

among relative age, physical development and mpéoformance. The results are discussed on
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how relative age affects the effectiveness andchéas of talent identification and development

processes.

Introduction

The effectiveness of talent identification and depment programmes (TID programmes) in sports
depends on the efficient allocation of availablppmart to the most talented youths. For this pur-
pose, players are already scouted and selecteiitber developmental support at an early age
(Williams & Reilly, 2000). Players are distribut@ato age cohorts based on cut-off dates during
this process, aiming to provide homogenous groapa fair comparison of individual performance
levels and creating an age-appropriate trainingrenment.

In conjunction with biased talent identificationdaless-efficient TID programmethe relative age
effect (RAEhas been discussed for almost three decades (C&aker, et al., 2009). The RAE is
characterised by a systematically skewed birthridigion in a group of selected players. RAEs
emerge, when a disproportionate high number ofgotaporn shortly after the cut-off date are se-
lected because of their developmental advantageEsReduce the efficiency of TID processes by
choosing the currently best performing rather then most talented players. Unfairly, some rela-
tively younger talented players do not receive supipecause of their age handicap.

RAEs have frequently been found in athletically deniing sports, such as ice hockey (Nolan &
Howell, 2010), team handball (Schorer et al., 2008¥ketball (Delorme & Raspaud, 2009), rugby
(Till, Cobley, Wattie, et al., 2010) and tennis fiuag et al., 2010).

In male youth football, RAEs were found internatitiy in every age group at all performance
stages above the club level (Meylan, Cronin, Oli&Hughes, 2010). The extent of the RAE in
youth football is moderated by the selection lev@mateur and locally selected youth teams
showed RAEs with 57% to 65% of the players borihim first six months after the cut-off date
(Romann & Fuchslocher, 2011b). In elite youth acaiée and international club tournaments, 67%
to 72% of the youth players were born before midryugste & Lames, 2011; Helsen et al.,
2005). The largest RAEs exist in youth nationahtsawith 70% to 79% of the players born in the
first half of the year (Jimenez & Pain, 2008; Wths, 2010).

Currently, youth players are more frequently sulgi@do additionabbjective tests to examine fur-
ther potential football talent predictorspme of which already have proven prognostic vigliftir
becoming a professional in adulthood (Huijgen et2009; Le Gall et al., 2010). In particular, po-
tential physical, physiological and technical tal@nedictors such as height, weight, endurance,
strength and sprint speed, as well as footballiBpdechnical skills are tested to identify taledt

players (Williams & Reilly, 2000). Despite being raecbjective than evaluations of global game
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performance by coaches, the results of these @esttill biased by differences in the relative age
and physical developmeatnong players. A study by Carling, le Gall, Reulyd Williams (2009)
revealed that relatively older players are advanegghysical development and have better aerobic
and anaerobic endurance and superior football Bpextrength than their younger counterparts.
The lack of significant differences in sprint speeas explained by the high performance level re-
quired for inclusion in the sample. Other studiegealed that precocious players were on average
taller and heavier, possessed longer legs, redooey fat percentage and performed better in ex-
plosive strength, sprint and aerobic enduranceu@tigdo, Gongalves, Coelho e Silva & Malina,
2009b; Vaeyens et al., 2006), but showed only morono advantages in football specific skills
(Figueiredo et al., 2009b; Malina et al., 2005)h&tvise, relative age proved to be a significant
predictor for a motor performance score, whichetg@sdeveral technical skills (Figueiredo et al.,
2011). In this study, two-year groups with largeiaaces in relative age were used. A study con-
cerning the influence of relative age on the tecéincapacity of youth football players in de facto
important one-year groups is not available yet.

Differences in the selection levels, in the ageexwdmined players, in the bandwidth of the age
groups, and the diversity in measuring biologicatumity (Malina, Coelho e Silva, Figueiredo,
Carling & Beunen, 2012) complicate a comparativierpretation of previous studies’ results.
However, some trends can be highlighted: the physind physiological characteristics of young
football players depend to a considerable extentetative age and physical development within
each age class. Technical skills in samples ofctadeplayers have weaker relationships with
physical development but depend on differenceslative age within two-year groups. To optimise
the effectiveness of TID, relative age, physicatledlepment and their relation to performance char-
acteristics should be monitored (Meylan et al.,®0Therefore, the possibly nonlinear, complex
causal relationship between these variables mustksn into account. In addition, the interaction
among relative age, physical development stagefaoithball-specific performance measures de-
pends on the specific requirements of the testd.use

The German Football Association (DFB) runs whanhast likely theworld’s largest sport-specific
TID programme In the U12 category about 3.8% (5.000 competerogre players and 800 youth
elite academy players) of nearly 150.000 eligibl@yers are selected for the German TID pro-
gramme. In the U12 to U15 one-year age categaagsoximately 14,000 players nationwide are
promoted with one additional training session peekvat 366 regional competence centres, primar-
ily to improve their motor skills (Schott, 2010)o Bupport the talent identification and develop-
ment process, the football-specific (techno-)mataitities and skills of all selected players aré-ha

annually tested .
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To further analyze relative age biases, this sexhminedthe extent of RAES® the four core age
groups from U12 to U15 after players’ entrance ith® TID programme. Theelative agebias in
motor performance diagnosticd already selected players must be consideretufdrer talent de-
velopment and selection processes. Therefore,gbgaated performance differences within age
groups were compared with the cross-sectional pegoce development ranging above all age
groups. Subsequently, the - in relation to a pagtdl normal developmental curve - acceleration or
retardation of global motor performance was comgpdretween players born in different months.
To develop a more substantiated understandingeofdmplexmechanisms underlying relative age
biases in motor performangcéhe influence of relative age, directly and vieygical development,

on the results of five single football-specific motests were analysed.

Methods

Study Sample

The sample consisted of 10,130 players in the agepg U12 (year of birth 1998=3,606), U13
(N199g=3,064), U14 N1997~=2,138) and U15N;996=2,138). Competence centres from the North-East
German Football Association (except Berlin) werelesed because their age-grouping was af-
fected by the age-grouping procedure of the redieohaool systems, which use cut of dates be-

tween June and September.

Measures

Based on the chronological age, the independerdblarelative agewas defined as the birth date
of a player within his age group, according to Jagu® as the cut-off date. The birth distribution
of competence centre players was compared witlittte distribution of all eligible youth players
extracted from an extended member statistics peovidy the DFB (internal data request from
13.03.2011).

For a comparison with other studies, half yearskanti quarters were used to analyse the extent of
the RAE. Additionally, the large sample sizes iis $tudy allowed higher resolution in relative age
(months, weeks) with increased informational copteten the birth frequency was examined. For
statistical procedures using metric anthropometry motor performance variables, the statistical
requirements even allowed using relative age medsuardays.

Height andweightwere gathered as indicators of physical developraed used as mediators be-
tween relative age and motor performance.

The results of five motor performance tests sea®dependent variables: time for a 2Gpnint

time for runningagility and time fordribbling with a ball in a slalom course; time fball control
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(for each test the best of two attempts counted)@assing during six passes and points for goal
shootingaccuracy and speed from eight shots (Lottermaral. e2003). For this sample, internal
consistencydcronbac) Was high for sprint and agilityr€.95 respectively:=.91), almost acceptable
for dribbling and ball controlo=.58 respectivelyx=.69) and low for shootinga€.37). All tests
were combined into a global — prognostically andgdbostically valid (Héner, 2010) — (techno-
)motor score The resulting internal consistency for scores{fattempts versus second attempts)
was high ¢=.89). The stability values of the variables withanretest interval of six months
(rie(height=-96, Tweighti=-96, Ti(sprint=-80, Tagility)=-62, It(dribbling)=-58, ltt(all control=-52, li(scoref-77)
serve as a conservative estimate of the test-re¢diabilities. Again, the stability of shooting
(r(shooting=-33) was low and nonsufficient (Honer, 2010). Ganeently, the shooting test was ex-
cluded from the analysis of the single motor teSiace, however, the shooting test increases the
bandwidth of the motor score but does not affectatiability @score-shooting .89 = tscord, the shoot-
ing test was retained in the global motor score.

For height, weight and score, non-linear averagavtlr curves spanning the whole age range of
Ul2 to Ul5 were calculated to regard the presumablylinear cross-sectional progress. These
curves, which indicate the expected “normal” depgient, were built using a continuous approxi-
mation function, based on four nodes. The intetpmiawith a quadratic polynomial matched with
the available data. To ensure the independencieoflata, the nodes of the function for score,
height and weight were based on the standard vébuesach age group, attained from the results of
all former players who have been tested with théomiest battery (Lottermann, et al., 2003) in the

competence centres during the scientific suppottt@fTID programme since 2004.

Procedure

All motor performance tests for this study weredwcted during the second test period of the year
2010 (27th September to 28th November) according standardised test manual. The tests were
conducted in all competence centres and were sigpdripy approximately 1,000 licensed coaches
and their full-time competence centre coordinatdre tests were conducted in the gym. The com-
plete test procedure took approximately 90 minfbesach group of players. All selected players
who took part in at least one test were registdred different reasons (e.g. injury during testyd 4

of players missed at least one test. Cases witkimgissalues did not show relevant differences
from cases with complete datasets in the remaimargables. All players’ parents provided in-
formed consent for recording data and scientifagas The ethics department of the Faculty of Be-
havioural and Cultural Studies at the UniversityHafidelberg and the scientific board of the DFB

approved the implementation of this study.
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Statistical analysis

All issues in this study were analysed using d#ferstatistical procedures (level of significance
a=.05). To testhe extent of the RAEe relative birth frequency per quarter of birtasxcalculated
and compared with the birth distribution of allgdiile youth players of the corresponding year with
a chi-squared test (Goodness-of-Fit). Odds-rat@Rg between birth quarters one and four were
calculated as the effect size (Cobley, Baker, ¢t28l09). The linear reduction of birth rate from
January to December was analysed with Pearsonlatore coefficient between relative age (in
weeks) and birth frequency.

The relative age bias in motor performance diagiesstithin age groups of selected play&ras
analysed in relation to the normal developmenthefdcore, height and weight. Therefore, Pearson
correlations between chronological age (in days) @hthree variables were calculated, including
the results from all players before and after ahirg for year of birth.

Biases in the performance diagnostics caused layivelage and physical development were re-
vised in a stepwise procedure. The score, heightagaight results were adjusted for the exact rela-
tive age of each player, by subtracting the obgkresults for each variable from the values from
the normal development curve at the exact birtk daeach player (step 1). Thus, the resulting dif-
ferences indicate accelerated or retarded developimeach variable. To account for the effects of
accelerated or retarded physical development ommparformance, the resulting difference values
of the score were statistically controlled for th#erence values of height and weight using multi-
ple regression analysis (step 2). As a measufieeafelvised motor performance, the final regression
residuals of the score were standardised by tiveiratl standard deviation (step 3).
Themechanisms underlying relative age biases in mpésformancewnere examined by modelling
the direct and indirect effects of relative age phgsical development on single motor performance
tests (sprint, agility, dribbling, ball control) thi path models, calculated separately with MPLUS
(Version 5.2.1) for each age group. Because ofrtbensistent research results, a theory-based de-
duction of the allowed model paths was not possiliteis, we randomly cut the available sample in
half stratified by months and conducted a gradadh @nalysis with three steps. In step one, the
first half of the sample was used to exploratotilgate a restrictive model that fit the empiricalad
from a completely saturated basic model. The basidel was built with the plausible assumption
that motor performance is directly and indirecthyediated by physical development) affected by
relative age. The modified chi-squared differerest for nested models and MLR estimators were
used as criteria for eliminating model paths (Satér Bentler, 2001). In step two, the second half
of the sample was used to cressidate the covariance structure of the path mdxyemultiple

group comparison (Byrne, 2012). Third, the entample was used to estimate model fit and path
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coefficients for each age group. The model fit wlasermined by common fit indice€FEI/TLI,
RMSEA, SRMR The significance of direct and indirect effeetas examined with Sobel test
(Sobel, 1982). Missing values were accounted fangushe FIML setting (Muthén & Muthén,
2010).

Results

Extent of RAE

Descriptive statistics for birth frequency, antrwmetry and motor performance variables are pre-
sented in Table 3. Generally, the percentage ofeptaborn in the first half of the year was ap-
proximately 61% in all age groups. The birth daitions of all competence centre players differed
significantly (<.05) from the population of eligible players. Tipbability of being selected for
the competence centres was approximately two tingdser for players born in the first quarter
compared with players born in the fourth quartee§OR<2.31). All age groups showed signifi-

cant high linear correlations (8591) between birth rate and relative age.

Relative age biases in motor performance diagnssticselected players

Chronological age correlated positively with therecf=.59) above all age groups but had only a
minimal influence after controlling for the yearlfth (r=.06). In contrast, the correlation between
chronological age and anthropometric variables estagositive for heightr€.20) and weight
(r=.18) after controlling for year of birth. Withiraeh of the four age groups U12 to U15 the corre-
lations of relative age and score &€05.08), height (.19r<.21) and weight (.1& <.21) were simi-

lar.

The values of the cross-sectional development ciumgeeased continuously, whereas the score
means followed the trend of a step function, whi@s characterised by small performance differ-
ences within the age groups and leaps in perforenastwveen birth years (Figure 11). The means
of relatively younger players lay above the noreh@elopment curve, whereas the means of rela-
tively older players lay on or under that curveeThean results for height and weight tended to run

parallel to their corresponding normal developnemves.
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Table 3:Birth Distribution and the Means of Anthropometaicd Motor Variables Per Quarter of Birth in Age Gips U12 to U15

Age Quarter N (%) b df p OR[95% rxyb Height M £ Weight M+ Sprint M+ Agility (M = Dribbling (M +Ball control (M Shooting 1+ Score M +
group of birth® Cl] SD) SD) SD) SD) SD) +SD) SD) SD)
4 528 (14.6) 146.9+6.6 36.6+54 3.72+0.18 857+045 11.77+1.07 96%1.71 17.6+3.6 41.80+2.01
3 890 (24.7) 2.14[1.93, 147.7+6.2 375+5.2 3.72+0.18 856+045 11.69+0.96 91k166 173+34 4195+1.94
u12 1221.76 3 <.01 0.91
2 944 (26.2) 2.37] 149.4+6.2 38353 3.70+x0.17 856+x043 11.7+1.01 8&¥A.74 174%3.6 42.06+1.97
1 1244 (34.5) 150.3+6.4 39.1+54 3.68+0.17 852+043 11.63+1.01 7I1%1.72 17.4+3.6 42.26+2.02
4 462 (15.1) 1523 +7.0 404+6.0 3.62+0.17 833x045 11.13+0.88 70131 16.8+3.8 43.64+2.07
3 737 (24.1) 2.11[1.89, 152.7+7.0 41.0+6.0 3.60+0.17 8.33+0.38 11.15+0.82 8%* 148 165+3.7 43.68+1.93
u13 109098 3 <.01 0.91
2 816 (26.6) 2.36] 155.1+75 422+6.3 359+0.16 830+041 11.11+0.89 89&1.67 16.5+3.8 43.82+2.07
1 1049 (34.2) 155.8+7.7 43.4+6.9 357+0.17 832x042 11.11+0.87 78x151 165+3.8 43.87+2.02
4 328 (15.3) 158979 45271 351+0.15 8.21+041 10.79%+0.83 13&x1.47 159+42 45.02+2.09
3 512 (23.9) 1.98 [1.74, 1596 +85 46.4+7.8 3.48+0.16 8.19+x040 10.79%0.79 12G¢:1.34 16.0%x4.0 4512+2.03
ul14 74171 3 <.01 0.87
2 579 (27.1) 2.26] 162.0+8.3 48.1+74 3.45+0.17 8.18x042 10.75%+0.78 11147 159+39 4532214
1 719 (33.6) 163.0+8.8 49.6 +85 3.44+0.17 8.18+0.39 10.78%+0.78 10G¢1.47 16.0+x4.1 4529201
4 204 (15.4) 165.1+9.0 525+9.7 3.39+0.17 8.07+0.42 1055+0.77 7%72.19 157+4.1 46.19+2.08
3 303 (22.9) 2.31[1.96, 168.2+8.4 54.8+8.9 3.34+0.17 8.09+041 10.6+0.68 *7325 154+3.6 46.33+2.12
u15 51457 3 <01 0.85
2 355 (26.9) 2.72] 169.5+8.3 55585 3.33+0.16 8.09+0.41 10.59+0.81 2%8.39 152+4.0 46.35%+2.30
1 460 (34.8) 170.6 +8.9 56.8+9.3 3.31+0.17 8.08+0.40 10.68+0.77 6%4.29 152+4.1 46.49+2.05

Note.For all performance variables except the scoregtomalues indicate better performan@®he quarter of birth, grouped by months: Decembéddtober (4), September to
July (3), June to April (2) and March to January {Relative age in weeks correlated with birth frequyen
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Figure 11: Means of score, height and weight by monthrti bor all age groups (U12415) in compariso
with their corresponding normal development curvedmvalues of former cohorts from the years 2004-
2009, nodes in the middle of each year). Montheaich yar are displayed from December (D) to Jant

(J) to retain the progressive order of relative aGeneral deviations from the normal developmentesio
height and weight result from differences betweenaand postulated mean births of former coBoFRol
score, former cohorts additionally performed sligHbwer than the actual cohorGeneral results are n
affected.
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The motor score was adapted to the exact relajeeofieach player and controlled for physi-
cal development. For players born in the last bolarter, the standardised means of the re-
vised scoredpe=.27,dnov=-29, dog=.22) showed accelerated development of motor parfo
ance. The mean scores of relatively older playersevibelow the expected normal develop-
ment valuesdua=-.09, drer=-.05, d;ar=-.14). Standardised means of height and weighewer

small (|d|<.10) and did not show systematic diffiees between months of birth.

Mechanisms underlying relative age biases in singi¢or performances of selected players

L0O7*

Relative
age

Dribbling

%
|

W
Ball
control

Figure 12: Representative path model for age group U18 stiindardised path coefficients estimated withetiitere sample for
relative age, sprint, agility, dribbling, ball camt, shooting. The signs of the coefficients wekersed because lowentes indicatt
better performances, *p<.05.

The exploratory path analysis resulted in one mdéolekach age group (Figure 12), exem-
plary for U12). Cross-validating the covarianceisture of these models with the second half
of the sample did not result in any significanfeliénces (2.452<10.45,p>.05). Finally, the
calculated path models that were based on the wdaigle showed acceptable model fit
(4.41<¢%<57.32,CFI/TLI>.95,RMSEA.05,SRMR.05).

Table 4 presents the resulting direct and indieffdcts of relative age on individual motor
performance tests. Relative age positively affetiedsprint (U12, U14), agility (U12), drib-

bling (U12) and ball control (U12) performance. thermore, relative age had indirect posi-
tive effects on sprint (U12-U14) and dribbling (U l8ediated by height. No indirect effects
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via height existed for agility, ball control andoghing. Indirect effects via weight were medi-
ated by differences in height in most cases. latlyevia height and weight, relative age
negatively affected the results of sprint (U12-Ul&8jility (U12-U15), dribbling (U12, U14-

U15) and positively affected sprint in U15. Onlyotandirect effects via weight were found

for ball control. Additionally, one out of two dfi¢se did not prove to be significant.

Table 4: Results of Path Analysis: Standardisea&iand Indirect Effects of Relative Age (RA) ondvi@erformance

Variables Effects
Dependent Independent Uiz ui3 ui4 uis
Height RA .19* .20* 21* 21*
Weight RA. 3 - 03" N
Height 3% 79* .82* .85*
RA .10* - .07* -
Height 16* .10* 21* -
: Weight -.20* -.12* - 31*
Sprint i .
RA via Height .03* .02* .04* -
RA via Weight - - - -
RA via Height & Weight  -.03* - - .06*
RA .08* - - -
Height -- -- -- --
- Weight -.25* -.21* -.18* -.15*
Agility RA via Height - - - -
RA via Weight - - -.01* -
RA via Height & Weight ~ -.03* -.03* -.03* -.03*
RA .07* - - -.03
Height -- -12% -- --
o Weight -17* - -.19* -.21*
Dribbling RA via Height - -.02* - -
RA via Weight - - -.01* -
RA via Height & Weight - 02* - -.03* -.04*
RA .04* -- . --
Height - - - -
Ball Weight -- -- -.08* --
Control RA via Height - - - -
RA via Weight -- -- .00 --

RA via Height & Weight -- -- - -
Note.The signs of the coefficients were reversed bechger times indicate better performances. *p<.05.

Discussion
The birth rateof football players in thege groups U12 to U15 that were selected for the
competence centres of the German TID programme slaavgnificant RAE Approximately

61% of the players were born in the first half bé tyear (Lames et al., 2008 for similar
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results). Although in practice, a relevant percgetaf players leaves the TID programme or
is newly selected into the programme each yearbittie distributions of the four age groups
were quite similar. This means, that the overathbdistribution does not change between the
seasons, whereas the sub-groups of players ledwingID programme, staying in the pro-
gramme or being newly selected into the TID progrerbetween seasons likely differ in
their RAE extent.

The extent of RAE in the TID programme can be rdgdras low to moderate. The RAE is
considerably smaller than that in other Germamtatievelopment institutions, such as the
elite youth academies of professional clubs, setectgional association teams (68.2%, re-
spectively 73.3%, data obtained by internal reqfrest DFB, 21-10-2011), or youth national
teams (78.1%; Honer, 2010). To explain the modegdtinction of selection level, theansi-

tion rate— the percentage of eligible players who werecsetefor the relevant sample — can
be used as an indicator of the level of competitietween players during the selection proc-
ess, which was assumed to be a risk factor for & RA Musch und Grondin (2001). The
transition rate for selection into the competeneeties of approximately 3.3% of the players
is considerably higher than the rate for elite woatademies, regional association teams
(U11-U19, 0.40%; U15-U18, 0.16%) and youth natiotedms (U15-U19, 0.02%) and
thereby confirms the preceding assumptions.

Another risk factor for RAESs is selection strategpf coaches, focusing on short-term suc-
cess (Jimenez & Pain, 2008). In contrast to rediasaociations and youth national teams,
training groups at competence centres do not rdguarticipate in competitions. As a con-
sequence, thpressure to succeed in competition competence centre coaches is lower, im-
plying another explanation for the moderate RAErKtDespite advantageous circumstances
during the selection process the existing bias dimés the necessity of considering the influ-
ence of relative age on performance variables dudtent identification.

The analysis ofelative age bias in motor performance diagnoshiaghlights the importance
for considering normal development curves withiougs of selected players. The subsequent
revision of the motor score resulted ancelerated motor performance values for relatively
younger and retarded performance for relativelyeojalayers. Because the results were also
controlled for physical development, relatively nwger players can be regarded as particu-
larly skilful concerning their motor capability.

Indicators of the higher potential of the seleateldtively younger players have already been
shown (Baker & Logan, 2007; Wattie et al., 2007) aan be explained in two ways: to raise

their chances for selection, relatively youngeypta must compensate for their developmen-
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tal disadvantage with greater football talent. Oseéected, the relatively younger players
benefit from adapting their performance level te superior performance of relatively older
players within their training group. The resultsttoé most complex tests of dribbling and ball
control in this study are most likely to be relatedglobal match performance and might
therefore demonstrate performance adaptationseofeflatively younger players. For isolated
performance tests without a ball, such as for sl agility, performance adaptations ap-
pear to be unlikely. Generally, performance adaptatshould be small because of the low
number of additional training sessions (one perkyvedthin the competence centres. In their
club team, relatively older and relatively youngempetence centre players are often both
key players; therefore, further adaptation effacesmost likely small.

As indicators for physical development, height avelght, adapted to the exact relative age
of players, were used. Unlike skeletal age, thesmbles are not direct indicators of biologi-
cal maturation. Above-average values for heighhwéspect to the birthday of a player can
result from either early maturation or high finaight in adulthood. However, this study
showed that above-average performance scoresabivedy younger players were not caused
by advantages in physical development status.

The overall small effects in the analysis of thechanisms underlying relative age-related
biases in motor performan@an be explained by using a sample of players wére &lready
chosen respecting a relatively high selection atéCarling et al., 2009) and by the small
age range of one year for each age group usedpninast to other studies (Figueiredo et al.,
2011).

The results showed the advantage of relativelyrodahel physically advanced players, espe-
cially in tests with high physiological demandsgis@as sprint and agility. This bias appears to
be problematic because although physiological féega are inaccurate in predicting later
success in adulthood (Le Gall et al., 2010), adlifeérences in global performance as well as
success during selections of youth players maiejyedd on these physiological variables
(Coelho e Silva et al., 2010; Figueiredo et alQ24) Vaeyens et al., 2006). The direct effects
of relative age on sprint, agility and dribblingnche explained by the physiological advan-
tages of relatively older players as for examplghbr explosive power, which does not lead
to changes in height and weight. Additionally, theect effects might have been caused by a
better training environment with more positive fieadk and support form coaches and par-
ents for relatively older players (Baker, Schoetral., 2010). The indirect effect via height on
sprint most likely showed the advantage of a hawarigrger step length in producing better

results in linear sprint. Higher weight, causedhigher height, negatively affects the per-
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formance of relatively older players in tests threquire agility, such as running agility and
dribbling. The direct effects of relative age orniliag dribbling and ball control in U12 that
do not exist in U13 to U15 most likely reflect imereasing performance homogeneity within
training groups. Performance homogeneity can bdéagex by adaption processes between
players and by higher selection criteria in oldge @roups, displayed in the decrease in the
sample height from U12 to U15.

Similar to tests in previous studies that werelgdkechnically demanding (e.g. Figueiredo et
al., 2009b), the ball control test showed hardly mmpact from relative age. The few indirect
effects on this test were small and often not §icpmt.

In general, the results of the path analysis matigtlg be affected by the reliability of the
tests which might have contributed to the low petages of the explained variance. The dif-
ferent numbers of significant effects between ggiliribbling and ball control, however, are
presumably not related to their reliability.

Despite the lower test reliability, technical skdbkts separate players of different performance
levels and possess prognostic validity for thedigle of youth national teams (H6ner, 2010)
as well as for the transition from youth to eliduli football (Huijgen et al., 2009). These
tests might therefore be a useful supplement tacedhe relative age-related bias in talent
identification procedures.

The stepwise path model procedure meets the olligioanfirmatory characteristic of path
analysis. However, the large sample sizes in catijpm with small effect sizes might have
caused random effects in the model structure andherefore be mentioned critically. Oth-
erwise, only huge sample sizes enable the use bicausal statistical procedures for an ade-
guate analysis of the complex relationships amelgjive age, anthropometric measurements

and several motor performance variables.

Conclusion

After the first official selection, the moderatetent of the RAE in combination with the
enormous width of the DFB TID programme still faeile developmental support for ap-
proximately 2,000 competence centre players botwden October and December. Hence,
the risk for overlooking relatively younger taleditelayers (unfairness and reduced effective-
ness of TID) is small. Nevertheless, selected ivait older players might not be sufficiently
talented for further support (reduced efficiencyT¢D). When grading the extent of RAE, it
has to be considered that initially being seleete@ competence centre player is only the first

step in a series of progressing selection levetgalSRAESs might increase during subsequent
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selections and lead to huge RAEs at higher seletdiels. Interventional studies are required
to evaluate the practicability of already intengndiscussed theory-based approaches (Baker,
Schorer, et al., 2010 for a review) for reducingE8An the future.

The direct and indirect effects of relative agetmmresults of single motor tests depend on the
physiological and technical demands of the testshifical skill tests tend to be less affected
by relative age in groups of selected players.

Revising relative age biases in the motor perfogaatiagnostics shows that despite their age
disadvantages, the selected relatively youngereptaghow particularly high performance.
Hence, these players must be protected duringeiugélection processes against age-related
discrimination until their developmental disadvay@s disappear with time. Adapting indi-
vidual data to relative age differences with norrgedwth curves might be utilised as a
method for coaches to consider the influence daitived age on performance diagnostics dur-

ing talent identification processes.
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3.3 Analyse der zeitlichen Entwicklungsbedingungen Selonsniveau und Al-

tersklasse

3.3.1 Studie 2: RAE-Anderungen zwischen Selektionsniveausid Altersklassen

This is the authors accepted manuscript of anlaigblished in Sportwissenschaft [German
Journal of Exercise and Sport Research]. The d@igiarticle is available at
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Abstract

Relative age effects (RAEs) describe an overreptagen of youths born early within annual
age cohorts. An understanding of how talent selagiirocedures cause RAE emergence in
talent development programmes facilitates specftigice for their reduction. This cross-
sectional and longitudinal study investigated theation of RAE differences between con-
secutive age categories and competition levelsRWE emergence through talent selection
procedures. The sample comprised 35,390 male yoathall players from the German talent
development programme from three seasons (201@12/23). Cross-sectional analyses
showed a consistent increase of RAEs over foumaicg competition levels and slightly in-
creasing RAEs from age categories U12 to U15, widubsequent decrease until U19. The
longitudinal analyses of talent selection procedumvealed an RAE increase for players
newly selected for higher competition levels ancchange in RAE extent for players retained
across consecutive age categories at the same toompkevel. Findings were used to spec-
ify common suggestions to reduce RAEs in talenettggment programmes.

Keywords reduction interventions, selection processesntalevelopment, youth soccer
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Zusammenfassung

Ein relativer Alterseffekt (RAE) liegt bei einerfaginen Stichtag bezogenen Uberreprasenta-
tion relativ Alterer in Jahreskohorten vor. Fir digrte Vorschlage zu einer Reduktion des
RAEs ist es notwendig zu verstehen, wie Talentabhfwazesse zur Entstehung des RAE in
Talentférderprogrammen  beitragen. Diese Studie rsmtht querschnittlich und
langsschnittlich, wo Unterschiede im RAE-Ausmald sohien aufeinanderfolgenden Wett-
kampfniveaus und Altersklassen auftreten und dwelche Talentauswahlprozesse eine Ver-
anderung des RAE-Ausmales verursacht wird. Diei&tatichprobe enthalt 35.390 Jugend-
fuBballspieler des deutschen Talentforderprogramauesirei Spielzeiten (2010/11-2012/13).
Die querschnittlichen Analysen ergaben eine gleiBige Zunahme des RAE-Ausmalies
Uber vier aufsteigende Wettkampfniveaus und geliigigf ansteigende RAEs zwischen den
Altersklassen U12 bis U15 mit einem anschliel3endénkgang bis zur U19. Die Langs-
schnittanalyse der Talentauswahlprozesse zeigte &imahme des RAE-Ausmalles bei der
Auswahl neuer Spieler auf hohere Wettkampfniveans keine RAE-Anderungen fiir Spie-
ler, die auf demselben Wettkampfniveau in die ntiditeere Altersklasse ibernommen wur-
den. Aufbauend auf den Ergebnissen werden gangayscklage fur eine RAE-Reduktion

spezifiziert.

SchlusselworterAuswahlprozesse, Ful3ball, Reduktionsmalinahméenfférderung
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Introduction

Annual age-grouping with fixed cut-off dates in yfogports often leads to an overrepresenta-
tion of children born early in relation to the aft-date. This issue has been discussed for the
past three decades r@gative age effecttRAES) (Baker, Schorer, et al., 2010; Barnsleglet
1985). Particularly in male football, existing RABave been extensively reported in youth
and adult players (Cobley, Baker, et al., 2009; et al., 2010; Musch & Grondin, 2001).
The effect is widespread across European talenglopment programmes and well docu-
mented amongst currently successful youth foottatilons like France, Germany, Spain and
Switzerland (Carling et al., 2009; Grossmann & Lam2013; Jimenez & Pain, 2008;
Romann & Fuchslocher, 2011b). However, the cauc8\& development are still remarka-
bly unclear (Roberts, 2014), and a noticeable reolu®f RAES in the last decade has not
been achieved (Helsen et al., 2012). Thereforearek should focus on the factors that facili-
tate RAE emergence in talent development progranimesable specific advice for practi-
tioners about where and how to apply effective Ra#uction interventions in talent devel-
opment programmes.

RAE emergence in talent development programisielirectly linked totalent selection pro-
ceduresi(e., the process of choosing some players froargel group of youth players or-
ganised in annual age cohorts). These systemagictiom procedures are meant to focus the
limited promotion resources (e.g., high-level coagh on the most promising players
(Cobley et al., 2012; Delorme, Boiché, et al., 201\0aeyens et al., 2008) and are to be dis-
tinguished from non-systematic exchanges of playeteeen amateur clubs.

Environmental factors, like promotion resourcesjenbeen assigned a decisive role in talent
models for the development of natural giftedness siystematic talent (Gagné, 2009; Ward et
al., 2007). Consequently, a more frequent seleatiforelatively older players is considered
unfair and inefficient (Dixon et al., 2011; Edgar &Donoghue, 2005). Furthermore, pro-
moted players have a higher probability of beingticmously selected at higher competition
levels of talent development programmes, resulting “vicious circle” (Helsen et al., 2005,
S. 630). This feedback loop explains the persisteridRAES throughout talent development
programmes and into adulthood (Lames et al., 200&)this reason, studies should examine
the role of selection procedures in promoting RAkergence within talent development pro-
grammes.

The multi-tiered selection procedures in talentedewyment programmes take place over sev-
eral consecutive competition levels and age caiegiofhis assumption applies to all football

associations that conduct a systematically orgdnisalti-layered talent development pro-
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gramme. The selection procedures in these progranasically are of two different types:
players selected for the first time from lower igher competition levels (hereinafter called
“newly selected”) and players remaining at a cartammpetition level across consecutive age
categories (“retained”), if coaches decide thatythee worthy of further promotion (B.C.
Huijgen, M.T. Elferink-Gemser, K.A. Lemmink & C. ¥&cher, 2014).

A means to locate selection procedures that leagdater RAESs in talent development pro-
grammes is to find differences in the RAE extertiMeen groups from consecutive competi-
tion levels and age categories. Previous studiat dith respect to this issue lack consis-
tency (irrespective of the studies’ original reskapurpose), thus underlining the need for
further research. For example, the data from a cehgmsive review by Cobley, Baker, et al.
(2009), which aimed to find moderators of RAE extesmowed larger RAEs in older com-
pared to younger age categories. On the other samdequent studies found no RAE differ-
ences between age categories (Diaz Del Campqg €04D; Votteler & Honer, 2014). In addi-
tion to the study-specific explanations for theuftss a methodological aspect may be respon-
sible. Most of these studies compared groups thail&neously differed in their respective
competition levels and age categories (Jimenez &,P2008; Romann & Fuchslocher,
2011b). For example, in a complex analysis of sdverfluencing factors, Schorer et al.
(2009) examined a subsample of 13- to 16-yearagibnal representative players and a sub-
sample of 16- to 19-year-old youth national playersgeam handball. Since the variables
competition level and age category were confounttezy effect on RAE differences cannot
be considered in isolation. Hence, for a definiteation of RAE differences, a study’s design
should ensure that the respective groups onlyrdiff@ither their age category or their com-
petition level.

The foremost cross-sectional studies on RAE diffees have located where in talent devel-
opment programmes changes in the extent of RAErpbatithey do not reveal exactly which
selection procedures cause RAESs. In this respaet,eaceptional longitudinal study by Till,
Cobley, Wattie, et al. (2010) in UK Rugby examirtbd RAE extent of players re-selected
into representative teams in consecutive age cagsgdt showed that the retention of players
through consecutive age categories was a strudeaalre of the Rugby talent development
programme that facilitated RAE persistence acrossage categories U13 to U15.

Noticeably, the longitudinal design made it possitd consider that youth players in talent
development programmes are often chosen from prsljicelected groups ("selection within
the selection”, Jimenez & Pain, 2008, S. 999). &kjgect is important because even a random

selection of players from a preselected group waitlexisting RAE bias results in the mainte-
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nance of the RAE. So far, it is unclear whetherfthdings from Till, Cobley, Wattie, et al.
(2010) are applicable to youth football, becausetéhent development system in UK Rugby,
with each player starting again at the lowest l@felompetition in the next age category, dif-
fers from the structure of talent development paognes in European football (B.C. Huijgen
et al., 2014; Jimenez & Pain, 2008; Romann & Fudistr, 2011b). Thus, a similar longitu-
dinal study investigating the effect of differerglection procedures on the emergence of
RAEs in football is warranted.

The present study focuses on the talent developpregtamme of the German Football As-
sociation (DFB), (arguably) the largest talent depment programme in football worldwide
(Schott, 2010). The programme includes four asecgndompetition levels (competence cen-
tre, youth academy, regional association and yoattonal team) and extends across the age
categories U12 to U19. The study investigates thergence of the RAE across these compe-
tition levels and age categories with two methodmial approachedrirst, cross-sectional
RAE differences between consecutive competitiorelevand age categories are separately
analysed to locate where exactly in the talent igweent programme changes in RAE extent
occur (objective I) Secondly, longitudinal analyses investigate heledion procedures in-
fluence the emergence of RAEs by choosing newlgcsedl players for higher competition

levels and retaining players across consecutiveatggoriesdbjective 1).

Methods

Sample and Design

In the German talent development programme, bagatt promotion at the lowest competi-
tion level, the competence centre, includes foer @gegories from U12 to U15, roughly cov-
ering early adolescence. Starting with U12, ther@helite promotion of players to youth
academies continues during middle adolescencethietihge category U19. At the next com-
petition level, regional associations play offiamdtionwide tournaments in the four age cate-
gories U15 to U18. At the highest competition lewke youth national teams are assembled
in the age categories U15 to U19. Therefore, thdystlesign included 21 groups, each with a
different competition level x age category comhat to strictly differentiate competition
levels and age categories (Figure 14).

With respect to the analyses of the two types ldcsen procedures (objective 1), Figure 14
schematically models the most important selectathyways for newly selected players (from
lower to higher competition levels) and for retaindayers (across consecutive age catego-
ries) in the DFB talent development programme.
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The comprehensive study sample consisted of 35Bf#dent male players in the age catego-
ries U12 to U19 who had been selected at least dageg three seasons (2010/11, 2011/12
and 2012/13) for one of the 366 competence cemtEegputh academies, 21 regional associa-
tions teams or the youth national team. The coarding squad lists, including players’
names, birthdays, age categories and club names een provided by the German Football
Association.The ethics department of the Faculty of Economit$ Social Sciences at the
University of Tubingen and the scientific boardtieé DFB approved the implementation of
this study.

Procedure and statistical analysis

Based on players’ date of birth, the independemiakike relative age was defined as the
chronological age of a player within his age catggeith January 1st as the cut-off date.
Temporal resolutions of relative age in birth maenthirth quarters (Q1: January-March, Q2:
April-June, Q3: July-September, Q4: October-Decainhrd birth half-years (H1: January-
June; H2: July-December) were used. The temposalugon of birth months was applied to
show the relationship between relative age andrebdebirth frequencies while maintaining
as much information about the actual distributibplayers’ relative age as possible (Loffing,
2016).

For both objectives, players from all three seasoai® included to gain reliable results. This
procedure is consistent with similar studies thatlysed the RAE at high competition levels
with typically small sample sizes (Romann & Fuckhler, 2011b; Till, Cobley, Wattie, et al.,
2010). Thus, the sample sizes of the U15 to U1%hypational team, for example, correspond
to the number of players selected at least oncthéocorresponding team during the three ex-
amined seasons. Since the analyses focused otrubtugal influence of selection procedures
on RAE development, we thereby accepted that,nfstance, a player considered for the age
category U15 in the season 2010/11 was repeatediyded in the analysis of the age cate-
gory U16 in the following season.

Furthermore, some players are promoted at diffeselsction levels within one season (e.qg.,
youth academy players can play regional associabamaments and youth national team
matches in the same season). We accepted thatdlagees were simultaneously included in
the sub-samples of different selection levels withine age category to evaluate the practice
in the status quo. The resulting number of casegmelp and the corresponding birth distri-
bution is shown in Table 5.
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Statistical analyses were conducted with SPSS BM)land Excel 2007 (Microsoft). The
level of significance was fixed at= 0.05 for all significance tests. As a prelimyanalysis

to show the relationship between relative age dmkrwved birth frequencies, a Spearman
rank correlation coefficient between month of biaihd the respective birth frequency was
calculated. A chi-squared test (goodness-of-figreied the existence of a RAE. To prevent
an increased Type | risk in the goodness-of-fit, tdee test compared the birth distributions in
birth quarters of all examined groups with the exeé birth distributions of all eligible Ger-
man youth players from the corresponding birth ye@elorme, Boiché, et al., 2010b;
Delorme & Champely, 2015). A chi-squared test agjam hypothetical equal distribution
would result in considerable deviation in the ohirsred values (difference of 0.4 to 136.9
points), without changing the main results of tignicance tests however. The expected
birth distributions were extracted from extendedmher statistics provided by the DFB (in-
ternal data request from 13-03-2011, data availableupplementary online material).

For the analyses afross-sectional RAE differencbstween consecutive competition levels
and age categories (objective 1), odds-ratios (QRi) 95%-confidence intervals were calcu-
lated as effect sizes for the RAE extent in allup® (Cobley, Baker, et al., 2009). The applied
OR(H1:H2) displays the relative changes of being seleaveglayers born in the first half of
the year as compared to players born in the sebatidbf the year. Therefore, the odds of
players from the first half of the year (e.g., nenbf U12 competence centre players born in
the first half year divided by the number of algdle German U12 youth players born in the
first half year) were divided by the odds of plas/éom the second half of the year. ORs of
1.44, 2.48, and 4.27 were interpreted as smalljunednd large effects, respectively, apply-
ing a transformation of commonly used limits fori@a’s d (Borenstein et al., 2011; Cohen,
1988).Significant RAE differences between consecutive petition levels or age categories
were indicated by an OR outside the confidencevatdimits of the lower competition level
or previous age category, respectively.

For the longitudinal analysed newly selected and retained play¢objective Il), the play-
ers’ selection pathways during the three examireaba@ns were tracked by re-identifying
their name, birth date and club name on all exathswuad lists. For the horizontal and di-
agonal selection pathways between two consecudiasass, the data of two selection cycles
between 2010/11 and 2011/12 as well as betweenV2DHhd 2012/13 were combined. For
the vertical selection pathways within one seasiom two selection cycles within the season
2011/12 and within the season 2012/13 were sumethriz
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Figure 15 shows that one group of retained plafyers the former age category (e.g., players
retained from U12 youth academy to U13 youth acadeand one group of newly selected
players from a lower competition level (e.g., newblected from U12 competence centre to
U13 youth academy) are combined into one resuljirogip (e.g., U13 youth academy). Re-
tained youth academy players and players newlycweldrom the competence centres were
examined over two selection cycles. The resultingug additionally includes a residual

number of players from alternative (not examinedgation procedures.

Uiz ut3

Previous Besulting

Retained players group

Youth group Proportion 0.69 o
d H1=69.8% AH1=-0.2% (H1 = 69.6%) H1=68.5%

acadgemy (means of (means of 10/11 to 11/12 & 11/12 to 12/13) (means of
10A1 &11/12) 1112 & 12/13)
Proportion 0.12

_ l
Pri\;fus Alternative selections

Competence aroup _ o

H1=60.2% (H1=66.1%)
centre (means of (meansof 11/12 to 11/12 & 12/13 t0 12/13)

10/11 & 11/12)

Figure 15: Exemplary Design and Results for theditinal Analysis in Objective II: Players Selattato the U13 Youth
Academy (YA). Proportions of Selection Proceduréisinvthe Resulting Group and Change in RAE Extei@ebécted Play-
ers Compared with their Previous Competition Leveheir Former Age Category. (H1: Percentage of Birhig-irst Half-
year)

First, we analysed the proportion of retained s@lécted players within the resulting group
to determine to which degree RAE emergence indhelting group was affected by a change
in RAE extent of retained players and by a chamgBAE extent of newly selected players
compared to their previous competition level. Thgetwith an additional proportion of play-
ers from alternative selections, the proportionsetdined and newly selected players sum up
to 1.0.

Subsequently, to investigate a change in RAE thrdagth selection procedures, we com-
pared the RAE extent of the retained players vithRAE extent in their previous age cate-
gory and the RAE extent of newly selected playeith what of their previous competition
level. As a descriptive single value for the RAEest we used the percentage of births in the
first half-year (H1). As a value for the changeRAE extent for selected players, we calcu-
lated the differenc@aH1 between the RAE extent of the selected playedstbe RAE extent

in the players’ previous group.

For additional significance testing, chi-squaredo@ness-of-fit) tests revealed whether the

birth distribution of the selected players (in hadiars) differed significantly from the birth
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distribution of the players’ former groups. Smdfkeets between these subsamples were to be
expected because the former groups consistedesfttdevelopment programme players with
an already existing RAE. In order to test thesellsafi@cts with an appropriate test power of
14 =.90, large samples sizes of N =1,000 would béeessary (Faul, Erdfelder, Lang &
Buchner, 2007). The examined subgroups of selegtagers, however, were particularly
small at high competition levels. Therefore, irespve of the significance tests’ results, a
difference of at least 5% in the percentage ohbirh the first half of the year (e.g., 55% in
the former total group vs. 60% in the players geldérom the former group) was considered
a relevant change in RAE extent. Such a differaceesponds to a small effect of w =.10 in
the chi-squared test (Cohen, 1988).

Results

Table 5 shows the birth distribution for all exaedngroups. The preliminary analysis dem-
onstrated existing RAEs in all examined groups. Bipearman rank correlation coefficient
showed a clear, negative relationship between thitimof birth and the birth frequency in
each month (-.99 p < -.90, p < .01 each). Accordingly, the relativettbifrequency per birth
guarter steadily decreased from birth quarter anbirth quarter four (with values ranging
from Q1: 34.2-53.1%, Q2: 23.7-28.2%, Q3: 15.6-2411984: 6.6-15.6%) and significantly
differed from the expected birth distribution off @igible German youth players (47.2332 <
869.70, p < .05 each). The examined groups codsist60-77% relatively older players with
birth dates between January and June, translatiogRAESs with effect sizes ranging from

small to medium-large (1.580ORH1:12) < 3.53in all groups.
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Table 5: Number of Cases, Relationship of Birth Mand Birth Frequency, Birth Distribution in BirtQuarters and Extent of Relative Age Effects fastEGroup

Birth distribution

RAE extent

Competition  Age N Relationship Percentage in birth quarters (%) ORpaityears 1vs. 2

level category birth monthx X

birth frequency 1 2 3 4 [95%-Cl]
(Spearmarp) (Jan-Mar) (Apr-Jun) (Jul-Sep) (Oct-Dec)

u12 14,191 -.99** 34.2 26.4 23.9 15.5 869.70** 1.53[1.48; 1.59]
Competence U13 11,928 -.98** 34.2 26.1 24.1 15.6 734.47** 1.53[1.47; 1.59]
centre ul14 7,686 -.98** 34.5 26.6 24.0 14.9 516.08** 1.57 [1.49; 1.64]
u15 5,004 - Q7** 35.3 26.4 23.5 14.8 416.24** 1.65[1.56; 1.75]
u12 2,004 -.99** 41.4 27.2 19.9 11.4 367.95** 2.19[1.99; 2.40]
uU13 2,187 - 99** 40.8 27.7 19.2 12.3 381.11** 2.19 [2.00; 2.39]
uli4 2,503 -.99** 43.3 26.5 18.7 11.4 541.64** 2.31[2.12; 2.52]
Youth u15 2,586 - 99** 43.9 26.8 18.7 10.6 615.10** 2.47 [2.27; 2.69]
academy  U16 2,577 -.99** 44.5 26.2 18.9 10.5 650.35** 2.50[2.30; 2.72]
u17 2,243 - 99** 43.6 25.9 19.1 11.4 524.77** 2.38 [2.18; 2.61]
uis 1,702 -.98** 42.2 26.5 20.1 11.2 359.36** 2.24 [2.02; 2.48]
u19 1,296 - Q7** 40.0 24.6 21.1 14.3 184.43** 1.83[1.63; 2.05]
u15 1,060 -97** 47.5 26.4 16.5 9.5 342.02** 2.91 [2.54; 3.34]
Regional ul16 1,013 -.98** 48.9 23.8 19.1 8.3 352.00** 2.76 [2.40; 3.17]
association U17 1,015 -.99%* 46.8 26.1 17.8 9.3 316.84** 2.81 [2.45; 3.23]
u1s8 1,071 - Q7** 42.6 26.9 19.2 11.3 233.59** 2.32 [2.03; 2.64]
u15 390 -.95%* 53.1 24.4 15.6 6.9 183.99** 3.52[2.78; 4.47]
Youth ul16 291 -.91%** 52.2 23.7 17.2 6.9 129.34** 3.28 [2.50; 4.29]
national u17 167 .92 47.9 26.9 18.6 6.6 59.85** 3.11[2.19; 4.42]
team uis 213 -.94x* 47.4 28.2 16.4 8.0 75.24** 3.15[2.31; 4.31]
u19 177 -.90%* 45.2 26.0 17.5 11.3 47.23** 2.47 [1.79; 3.42]

Note.” p<.01
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Cross-sectional RAE differences (objective I)

Overall, the differences in RAE extent between egcnsivecompetition levelsn Figure 16
revealed a stepwise increase of RAE effect sizebencorresponding order of competition
levels with similar increase rates for all thregpst The RAE at the (higher) competition level
youth academy (2.18 ORn1.H2) < 2.47) was distinctly larger than at the competerergre
level (1.53< ORn1:H2) < 1.65) in each of the age categories U12 to Ulil&ily, in each
age category U15 to U19, the RAEs increased framnytuth academies (1.830RH1:12) <
2.50) to the regional associations (28DRn1:H2) < 2.91) and again to the youth national
teams (2.4% ORn1H2) < 3.52). These differences in the extent of RAE leefwconsecutive
competition levels were significant with few exdeps. Only the ORs of the U18 regional
association and the U17 youth national team lahiwiand not above the confidence interval

limits of the ORs at the previous competition level

AGE CATEGORY =

ui2 u13 ui4 uis uie u17 uig u19

Youth nationalteam 3.52 3.28 3.11 3.15 247

[2.78;4.47] [2.50;4.29] [2.19;4.42] [2.31;4.31] [1.79;3.42]
/%
Regional association 2.91 2.76 2.81 2.32

[2.54;3.34] [2.40;3.17] [2.45;3.23] [2.03;2.64]

| r’%
[1.99;2.40] [2.00;2.39] [2.12;2.52] [2.27;2.69] [2.30;2.72] [2.18;2.61] [2.02;2.48] [1.63;2.05]

COMPETITION LEVEL —

| I [
Competence centre 1.53 1.53 1.57 1.65
[1.48;1.59] [1.47;1.59] [1.49;1.64] [1.56;1.75]

Figure 16: Cross-sectional Differences in RAE Ex{@mR with 95%-Confidence Intervals) Between Conseciiye Cate-
gories and Competition Levels. *p<.05

Altogether, the differences in RAE extdmgtween consecutive age categormese consid-
erably smaller and mostly non-significant. Neveleks, a visible trend of a slight increase be-
tween consecutive age categories from U12 to Uibeatompetence centres and youth acad-
emies and a decrease from U15 to U19 at the yagtleanies (from U16 to U19), regional
associations and youth national teams was obsefedclearest RAE decreases were found
between the second-oldest and oldest age categoaxh competition level above the com-
petence centres, reaching significance in two ofelcases (decreasing RAE from U18 to

U19 youth academies and from U17 to U18 regionsb@ations).
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Longitudinal analyses of newly selected and rethiplayers (objective Il)

To explain the complex pattern of results for obyecll, Figure 15 gives an illustrative ex-
ample for the age category U13 at the youth acadmmpetition level. The U13 youth acad-
emy group was assembled from 69% (proportion 0®)0cb players retained from the previ-
ous age category (U12 youth academy) and 19% nssWcted players from the lower com-
petition level (U12 competence centre), respectivE2% of the players in the resulting group
came from alternative, not examined selection paytsw(e.g., from amateur clubs to youth
academies).

Players retained across the age categories Ul21l®dtl the youth academy level hardly
changed their RAE extent compared to their prevamges categoryNH1 = -0.2% of births in
the first half of the year), However, newly selecpdayers for the U13 youth academies from
the U12 competence centre level showed a relevAi iRcrease oAH1 = +5% in players
born in the first half-year, thereby contributirgythe RAE increase between the competence
centre level and the youth academies.

Table 6 shows thproportionsof all newly selected and retained player groupsagor pro-
portion of at least 56% to 82% of players in theuteng groups was retained from the former
age categoryvith only one exception (proportion of .47 in U18uh national team). As a
consequence, newly selected play&@m lower competition levelgnostly represented
smaller proportions (from 11% to 38%) of the rasgltgroups. Exceptions with higher pro-
portions included the newly selected players fer dige category U18 at the youth national
team level (.53) and the newly selected playersferU12 competence centres, U15 regional
associations and U15 youth national teams (1.@ardl 1.00, respectively), in which no ad-
ditional players from previous age categories wetained, per design.

Considering the longitudinalhanges in RAE extenf newly selected and retained players,
overall, choosing newly selected players led telavant increase in RAE, whereas the RAE
extent of retained players showed only minor changenong theetained playersthe RAE
extent did not change significantly compared tophevious age categorieg € 1.26, 0.2X

p < 0.97).

The analysis ohewly selected playets higher competition levels resulted in an insee@n
RAE extent in 11 of 13 cases. In nine of these gatbe increase in percentages of players
born in the first half-year was relevant (i.e., mtihan 5%). The underlying differences in the
birth distribution compared with the former competi level were significant for the players
newly selected for the age category U15 at the ebitigm levels youth academy?(= 13.20,

p = .000) and regional associatigf € 4.20,p =.040).
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Table 6: Proportion and Change in RAE Extent fordyeselected Players from Lower Competition leeeld Players Retained across Age Categories

(Seasons 2011/12 and 2012/13 combined)

Resulting group

Proportions of selected players
within resulting group

Change in RAE extent for selected players

(RAE extent H1 in %)

Competition  Age N RAE extent Retained Newly se- Alternative Retained Newly Alternative
level category (H1 in %) lected selections selected selections
u12 9,444 61.2 1.00 (61.2)
Competence U13 8,039 60.9 0.80 0.20 +0.6 (60.8) (61.1)
centre ui4 5,180 61.3 0.82 0.18 +1.2 (60.7) (64.1)
uUi5 3,382 61.5 0.80 0.20 +0.1 (61.1) (63.2)
Uiz 1,322 68.8 1.00 (68.8)
uU13 1,450 68.5 0.69 0.19 0.12 -0.2 (69.6) +5.0(65.2) (66.1)
uli4 1,671 68.5 0.63 0.21 0.16 +0.5 (68.6) +6.0(65.5) (72.3)
Youth u15 1,734 71.6 0.68 0.15 0.17 +2.0 (72.7) +15.5* (76.5) (64.8)
academy ule6 1,736 70.5 0.71 0.11 0.18 +0.9 (71.0) +7.2(68.7) (69.4)
u17 1,497 68.8 0.75 0.25 +0.4 (70.0) (65.3)
uis 1,118 68.9 0.79 0.21 +0.5 (70.6) (62.3)
u19 935 65.1 0.76 0.24 -1.3 (67.3) (58.3)
u15 703 76.5 0.65 0.35 +6.1* (77.7) (74.3)
Regional ul16 650 74.3 0.63 0.21 0.16 +2.8 (75.7) +4.8 (75.3) (67.8)
association  U17 657 73.2 0.66 0.23 0.11 +1.4 (72.2) +7.4(76.2) (72.5)
uis 711 67.9 0.56 0.25 0.19 +0.6 (73.0) -8.6(60.3) (62.7)
u15 251 81.0 1.00 +4.5 (81.0)
Youth ul16 197 76.7 0.62 0.38 +4.8 (82.5) -7.2(67.1)
national ul7 124 75.7 0.77 0.23 +0.2 (72.1) +14.4(87.6)
team uis 147 75.6 0.47 0.53 +1.8 (78.3) +5.3(73.2)
u19 113 71.7 0.79 0.18 0.03 -2.8 (72.0) +5.9(71.0) (69.7)

Note *p<.05, *p<.01 for the chi-squared (goodnesditiftest comparing the birth distribution of thelected players (in half-years) with the expectietth listribution in
the previous group. H1: percentages of birth infifs¢ half-year. In boldface: Change in RAE ext@dl) of at least 5%, whereby a 5%-difference cspomnds to a small ef-
fect in the chi-squared test (Cohen, 198Bglection pathway from U19 youth academy to UlQlymational team, because U19 regional associdties not exist.

57



Discussion

Given the pervasiveness of RAEs in youth footbal ¢he need to understand the causes of RAE
development to derive specific and feasible reductnterventionsthe current study focused on
RAE development driven by selection procedures béebhrconsecutive competition levels and age
categories within the German football talent depgient programme. Moving the state of current
knowledge forward, the study presented resultdHferexact location of relevant changes in RAE
extent. It revealed a significant stepwise increas®AE extent between ascending competition
levels. Overall, minor changes in RAE extent betweensecutive age categories still revealed a
systematic trend, with the exception of a decréadbe oldest age categories (objective 1). Longi-
tudinal analyses of the underlying selection procesl showed that newly selected players from
lower to higher competition levels yielded an irage in the RAE extent of selected players,

whereas the retention of players did not resuét ainange in RAE extent (objective II).

Cross-sectional RAE differences (objective I)

Considering the cross-sectional RAE differenbesveen competition levelm objective ), sam-
ples from other highly regarded football talent elepment programmes in England, Spain, France
and Switzerland (Carling et al., 2009; Diaz Del @anet al., 2010; Jimenez & Pain, 2008; Lovell et
al., 2015; Romann & Fuchslocher, 2011b) revealsilai RAE differences between youth national
teams and youth academies. In addition to thesknfys, the current study’s strict separation of
several competition levels and age categories sthaivat relevant changes in RAE extent take
place between each of the consecutive competiggeld in a similar amount and irrespective of
age category.

With respect to the smaller and mostly non-sigaiftccross-sectional RAE differendestween age
categories other youth football studies showed similarly #ndéferences for the age categories
Ull to U18 (Diaz Del Campo et al., 2010; Helsemri&s & Van Winckel, 1998). Despite the
small differences, a trend of increasing RAEs fidr® to U15 and decreasing RAESs in the higher
age categories was still visible at each competigvel. Furthermore, the study design allowed for
an unambiguous assignment of differences in RAEmxThus, the resulting trend across age cate-
gories is more reliable than in studies where, tdugther research purposes, some confounding oc-
curred (Cobley, Baker, et al., 2009).

The most noticeable decrease in RAEs in this shetween U18 and U19, was even more pro-
nounced in another study examining the youth natitgams participating in the UEFA champion-
ships in the year 2000 (U16: birth percentagesdrst half-year H1 = 73.2%, U18: 60.4%, U21:
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49.7%) (Helsen et al., 2005). The study of Helseal.e(2005), however, did not discuss whether
the change in cut-off dates for some participatiagjons three years before the UEFA tournament,
with a subsequent overlap of two different RAEs I§dr, Starkes, & Van Winckel, 2000;
Ostapczuk & Musch, 2013), contributed to the mam@npunced RAE decrease between the U16
and U21 national teams.

Irrespective of differences in the degree of theER¥ecrease, the attenuation of RAEs in older age
categories found in youth football studies is imelwith smaller but still existing RAEs (H1=57%)
in all European professional football leagues inldmbod (Besson et al., 2013). An attenuation of
RAEs in older age categories and a higher prollaifialready selected relatively younger players
of becoming professionals in adulthood has alrda&Bn observed in other studies (Carling et al.,
2009; Schorer et al., 2009). The results of thas#iess indicate that after reaching high competitio
levels in talent development programmes, relatiwglynger players have better long-term career
chances than relatively older players. Competingjrej superior, relatively older opponents may
provide relatively younger players with a benefid¢raining environment (Baker, Schorer, et al.,
2010), resulting, for example, in the developmensuperior technical skills (Votteler & Honer,
2014). An additional benefit for relatively youngdayers may be the development of an advanta-
geous psychological disposition (McCarthy et @01&). Nevertheless, these assumptions are rather

speculative and should be more closely addresskdure research.

Longitudinal analyses of newly selected and rethiplayers (objective Il)

Research designs that longitudinally track playsedection pathways to detect changes in RAE ex-
tent were not applied in previous RAE studies intiicfootball. The longitudinal analyses showed
thatnewly selected playerscreased the extent of RAE compared to the l@earpetition level. In
combination with the cross-sectional RAE differenbetween competition levels (objective I), the
current study showed that RAE emergence in taleméldpment programmes is an additive effect
of tiered selection procedures irrespective ofetk@mined age category.

Although the RAE increase between competition keveds of comparable extent, different mecha-
nisms within each selection procedure may be resplan The initial preference for relatively older
players during selection from amateur levels hanldeequently attributed to maturity-related per-
formance advantages of relatively older playersk@aSchorer, et al., 2010; Furley & Memmert,
2016; Meylan et al., 2010). These performance idiffees, however, become considerably smaller
within the increasingly homogeneous group of alyeselected players in talent development pro-
grammes (Carling et al., 2009; Skorski, Skorskiudea Hammes & Meyer, 2016; Votteler &

Honer, 2014). Therefore, an additional increasBAEs during consecutive selections should have
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further underlying mechanisms, such as an increésmgs on contemporary performance differ-
ences caused by greater pressure to succeed incteapetition at higher competition levels (Hill
& Sotiriadou, 2016; Jimenez & Pain, 2008). Consisteith this assumption, relatively older teams
playing in the highest German youth league are reoceessful compared with relatively younger
teams (Augste & Lames, 2011; Grossmann & Lames3)201

The longitudinal analysesf retained playergevealed major proportions of retained players with
minor changes in the RAE extent This result camyebs connected to the small RAE differences
across age categories at each competition leveldféor objective | and is nearly identical to the
results from Till, Cobley, Wattie, et al. (2010) WK rugby. Therefore, the rugby study’s conclu-
sion that retention is a main mechanism of theigtersce of RAE (Till, Cobley, Wattie, et al.,
2010) can be extended to youth football in the arathage categories U12 to U19 and at all com-
petition levels. The persistent RAEs of retainetypts may reflect coaches’ increased awareness of
already selected players or their self-confidenhiop, having already selected the most talented
players (Sherar et al., 2007).

A different theoretical explanation can be derifiemin Gagné’s theoretical model of talent devel-
opment (Gagné, 2009), in which developmental supfgog., top-level coaching) is an important
aspect of systematically developing natural (fobtlmaftedness into talent. In Gagné’s terms, addi-
tional talent promotion for groups with an existiR@\E transforms a former uniform distribution of
giftedness into a skewed distribution of talenttfwnore talented relatively older players). Thus,
the retention of more relatively older players amsecutive age categories for all competition kevel

may simply reflect the actual distribution of talehthe corresponding competition level.

Consequences for RAE reduction interventions

According to the preceding theoretical explanati@auction interventions should aim at an early
prevention of RAE emergence. Furthermore, the figsliof this study point out that reduction

measures should focus on newly selected playens lowver competition levels in all age catego-

ries.

A common reduction proposition is to implement @sofor the birth distribution of selected play-

ers (Barnsley & Thompson, 1988). However, the tesof the current study stress that a player
guota aiming at a uniform distribution of selectgddyers’ birth months is too simplistic and may

have unintended negative consequences (Wattie)2013

With respect to the assumption of an already skedigdbution of talent (with more talented rela-

tively older players) at higher competition levadtayer quotas should consider the extent of RAE

bias already present at the previous competitigal ld&-or example, at the competence centre level
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the existing RAE of about 60% of births in the ffinalf-year should be regarded as the actual dis-
tribution of talent. Thus, quotas for the selectadmew players from competence centres to youth
academies should consider this RAE extent of 60% haseline. A deterministic baseline, how-
ever, does not fit well with the rather probabitisdisadvantage (i.e., some relatively younger play
ers are promoted at higher competition levels)etdtively younger players (Wattie, 2013). There-
fore, feasible quotas for practice should includeugh freedom to consider that the birth distribu-
tion of gifted players in small groups does notassarily follow the theoretical uniform distribu-
tion of giftedness.

Additionally, the group of selectable players geten smaller when coaches have to select players,
like goalkeepers, according to their playing positiSince coaches’ willingness to apply player
guotas can be outweighed by various pressureddot srtain players (Hill & Sotiriadou, 2016),
guotas should consider the underlying conditiomgHe selecting coach (in clubs or associations).
Given that an already existing RAE and its probsiiil nature are considered, and recognizing po-
sitional constraints for player selection as wsllogher factors influencing coaches’ selectiontstra
egy, the implementation of players quotas provalésasible and effective solution for reducing the
extent of RAESs. If the conditions for player quotais not satisfactory (e.g., small number of select
able players), “human solutions” (Wattie, 2013,18) to increase coaches’ awareness of players’
relative age, for example age-ordered numberinglafers’ shirts (Mann & van Ginneken, 2016),
should be preferred.

Furthermore, from a sports association’s perspectfome unfairness and inefficient distribution of
talent promotion resources due to an existing RA&schot automatically translate into a less effec-
tive talent development programme. Indeed, reagrtnational youth and adult successes demon-
strated the talent development programmes of Fraheamany, Spain and Switzerland to be effec-
tive in producing highly-qualified youth playersrfihe professional level despite an existing RAE
(Carling et al., 2009; Jimenez & Pain, 2008; Romarfruchslocher, 2011b).

In Germany, the enormous breadth of the programmaeagitees developmental support for a high
number of relatively younger players (e.g., appreately 2,000 players from the fourth birth quar-
ter in the U12 to U15 competence centres) and llyereduces the risk of overlooking highly tal-
ented relatively younger players at that level (gletr & Honer, 2014). Nevertheless, a reduction of
RAEs should be considered with regard to furthémapation of the distribution of financial and
personal resources in talent development programfBoesexample, an appropriate distribution of
training time and well-educated coaches not forrtiatively older but rather for the most gifted

players may increase the efficiency of talent prbamoat lower competition levels.
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Strengths and limitations

Overall strengthsof the present study lie in its comprehensive, espntative data set, and its ex-
amination of the whole German soccer developmeystem. The results of the study were highly
consistent and can be regarded as reliable andsamative because the sample of 35,390 players
is close to a total survey of all German talentadepment programme players from three seasons.
Limitationsof this study derive from deviations between thangined structure of selection proce-
dures and actual selection pathways in practice. sttdy examined only the most important and
nationally representative selection pathways ofesyatic selections in the German talent develop-
ment programme. Therefore, some pathways withiptbgramme as well as non-systematic selec-
tions between amateur clubs could not be considétedt important may be the fact that the study
design did not include the selection procedures/éen amateur clubs and the competence centres.
However, these selection procedures covering tiialientrance into the talent development pro-
gramme comprise several regional peculiarities.,(@gceding selections for local district teams)
and are therefore difficult to include in a consmtresearch design. Future research should more
closely address the selection procedures betweateamclubs and the first stages of talent devel-

opment programmes to understand how RAES initaiherge.

Conclusion

This study is part of the ongoing process to exRA& research beyond the initial proof of its exis-
tence to an explanation of its underlying causesspile three decades of RAE research, RAEs re-
main as persistent as ever (Helsen et al., 201®refore, further knowledge about the causes of
RAE development is necessary to provide specifit faasible scientific advice for a reduction of
RAEs in practice. In this light, the current stuassumed that selection processes between consecu-
tive age categories and competition levels havengiortant role in the development of relative age
effects in talent development programmes in yoatitlall. Under this assumption, the study iden-
tified where relevant changes in RAE extent oc@imeen consecutive competition levels and age
categories within the German talent developmengnamme. Furthermore, it showed how talent
selection processes cause longitudinal changesihdxtent.

Key findings of the study’s cross-sectional partrava stepwise increase in the extent of RAE
across consecutive competition levels irrespeaiivilie examined age category and minor changes
between consecutive age categories at all competigvels. The study’s longitudinal analyses re-
vealed that the choice of newly selected playersiigher competition levels caused an increase in
RAE extent whereas the retention of players fronmfr age categories did not change the RAE

extent. Overall, the study showed that the occueaf RAEs in the German football talent devel-
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opment programme spans all age categories and ¢iiopéevels and is caused by multiple tiered
selection processes over time. These results vga@ to specify the suggestion of player quotas as
a possible intervention to reduce RAEs in talenettgoment programmes.
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4 Fazit und Ausblick

Trotz der langjahrigen Forschung zum RAE und dehnfiaeh geauf3erten offentlichen Kritik an
seinen negativen Folgen gelten die MechanismerRéér-Entstehung immer noch als relativ un-
klar und bleibt seine Verbreitung in der Praxig Sahrzehnten unverandert (Helsen et al., 2012;
Roberts, 2014). Ziel der vorliegenden Arbeit wardabker, den Forschungsprozess zum RAE Uber
den Nachweis seiner Existenz hinaus zu einer Emiseiner Entwicklungsursachen fortzufthren.
Dazu sollten die Ursachen der RAE-Entstehung imhNachsférdersystem des Deutschen Ful3-
ball-Bunds erforscht werden, um darauf aufbauerziegje und realisierbare Interventionsmaf3nah-
men fur die Praxis abzuleiten. Vor dem theoretiacHentergrund eines Modells zu individuellen
Bedingungen sowie Aufgaben- und Umweltbedingungen RIAE-Entstehung von Wattie et al.

(2015) wurden zwei empirische Studien zum RAE inBENlachwuchsférdersystem durchgefihrt.

4.1 Zusammenfassung der empirischen Studien

Zentrales Ergebnis der ersten Studie zum RAE &ts dlie bereits selektierten Nachwuchstalente
nahezu keine motorischen Leistungsunterschiedeches relativ Alteren und relativ Jiingeren
aufweisen. Auf Amateurniveau fanden andere Stuliegegen die erwarteten Leistungsvorteile re-
lativ Alterer und biologisch reiferer NachwuchsfaBer vor (Bliss & Brickley, 2011; Carvalho,
Eisenmann & Malina, 2012; Gastin & Bennett, 2018;e6al., 2014). Damit bestatigt das Ergebnis
der Studie die theoretische Modellannahme, dasZdeammenhang zwischen den individuellen
RAE-Bedingungen relatives Alter, korperliche Reifed motorische Leistungsfahigkeit von der

zeitlichen Entwicklungsbedingung Selektionsniveasaibflusst wird.

Ein weiteres zentrales Ergebnis der Studie ists dés motorische Leistungsfahigkeit tber mehrere
Altersklassen hinweg den Verlauf einer ,Treppentiork mit geringen Leistungsunterschieden
innerhalb der Altersklassen und grofRen Leistungsg@mn zwischen den Altersklassen zeigt. Der
Vergleich dieser Treppenfunktion mit einer zu eteaden Entwicklungskurve motorischer Leis-
tungsfahigkeit Uber die Altersklassen U12 bis U#sdeutlicht, dass die um relative Altersunter-
schiede statistisch bereinigte motorische Leistatativ Jingerer durchschnittlich héher einzustu-
fen ist als die relativ Alterer. Da die Studie awaisschliel3t, dass relativ Jiingere ihren Altersnach
teil innerhalb der Stichprobe durch eine korpedi¢itihentwicklung kompensieren, ist der Schluss
zuléssig, dass relativ Jingere motorisch besortdistiert sein missen, um beim ersten Selekti-
onsprozess zur Aufnahme in das DFB-Talentférdemarmogn beriicksichtigt zu werden. Aus die-

sem Ergebnis lasst sich die Vermutung ableiters dalativ Jingere, die es schaffen, trotz ihres Al-
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tersnachteils bei Selektionsmal3hahmen berticksichiigverden, besonders gute Chancen flr ihre
langfristige Karriereentwicklung haben (Baker, Sehnpet al., 2010). Empirische Unterstitzung er-
halt diese Annahme durch die Feststellung hohdativier Ubergangsquoten relativ Jiingerer vom
Jugendbereich in den Erwachsenenbereich (Le Gall,e2010; McCarthy et al., 2016; Skorski et

al., 2016), hohere Einstufungen auf Draft-List¢Boutts, Kempton & Vaeyens, 2014; Deaner,

Lowen & Cobley, 2013), hohere Gehélter (AshwortiH&yndels, 2007) sowie durch bessere und
langere Karrieren relativ Jungerer (Ford & Williard®11; Schorer et al., 2009). Eine Erklarung fur
die langfristig besseren Karrierechancen selektienlativ Jingerer ist, dass sie um im Konkur-
renzkampf mit den korperlich bevorteilten relatiitehen zu bestehen, langfristig wertvolle techni-

sche und taktische Fahigkeiten sowie besonderenpkgische Personlichkeitseigenschaften ent-
wickeln (Baker, Schorer, et al.,, 2010). Eine enspinie Analyse dieser Vermutung steht jedoch

noch aus.

Die zweite Studie zum RAIf&tersuchte den Einfluss der im theoretischen Maldglzeitliche Ent-
wicklungsbedingungen integrierten Merkmale Seleldroveau und Altersklasse bei der RAE-
Entstehung. Grundannahme der Studie war, dassidid RAE-Entstehung relevanten Talentse-
lektionsprozesse jeweils zwischen aufeinanderfalgarnSelektionsniveaus und Altersklassen statt-
finden. Als zentrale Talentselektionsprozesse wuidie Selektion neuer Spieler von einem tiefe-
rem auf ein hoheres Selektionsniveau und die Ulheneavon Spielern zwischen Altersklassen des-
selben Selektionsniveaus untersucht. Eine quentsiitime Analyse ergab eine gleichméaRige Zu-
nahme des RAE Uber vier aufsteigende Selektionang/eDie verschiedenen Selektionsniveaus
zeigten ein mit anderen FufR3ballverbanden vergleids® RAE-Ausmal’ (Anteil von Nachwuchs-
spielern aus der ersten Geburtsjahreshalfte: Stiktprogramm=60%, Leistungszentrum69%,
Verbandsauswahlmanschaften2% und Jugendnationalmannschak&’%). Die deutlich kleine-
ren RAE-Unterschiede zwischen aufeinanderfolgerAlearsklassen zeigten einen dennoch zuver-
lassigen Trend der RAE-Zunahme von der Altersklask2 bis zur U15 mit einem anschliel3enden
Rickgang bis zur héchsten Altersklasse U18 bzw. &lifedem Selektionsniveau. Vor dem Hin-
tergrund eines relativ inkonsistenten Forschungsistazeigen die stabilen Ergebnisse der Studie
mit einer reprasentativen Stichprobe auf, wie diEFENntwicklung alle Altersklassen und Selekti-
onsniveaus eines Nachwuchsfordersystems umspadrdass sie ein sich verstarkender Effekt ei-

nes mehrfach gestuften Selektions- und Forderpsezdst.

! College-Spieler werden in Nord-Amerika vor eineerpflichtung durch Profi-Teams von Experten bexzilgihres
sportlichen Wertes auf sogenannten Draft-Lists dieet:
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Die Langsschnittanalyse der Talentauswahlprozesggiezauf allen Selektionsniveaus eine Zu-
nahme des RAE-Ausmalies bei der erstmaligen Ausmelntr Spieler auf hohere Selektionsni-
veaus und keine RAE-Anderungen fiir Spieler, diedamiselben Selektionsniveau in die nachstho-
here Altersklasse Ubernommen wurden. Da nach dgabBrssen der ersten empirischen Studie
keine motorischen Leistungsunterschiede zwischlativgiingeren und &lteren Spielern nach der
ersten Selektion in die DFB-Stutzpunkte mehr bestgivotteler & Honer, 2014), missen fir die
weitere Zunahme des RAE bei TalentselektionsmalReahitr hohere Selektionsniveaus andere
Bedingungen verantwortlich sein. Mdgliche Annahrhe&rzu, wie z. B. ein zunehmender Erfolgs-
druck fur Trainer, sind aktuell noch spekulativ undissen in zukinftigen empirischen Studien ge-

pruft werden.

Als Erklarung fir die Bestandigkeit des RAE-Ausmg®ei der Ubernahme von Spielern in die
nachsthohere Altersklasse wird in der zweiten $taiskutiert, dass das bestehende RAE-Ausmal}
in der vorherigen Altersklasse die tatsachlichet®kmg des fuRballerischen Talents wiederspie-
gelt (Votteler & Honer, 2016). Dies wird damit bégdet, dass die urspringliche Gleichverteilung
sportlicher Begabung durch die Férderung von Sggelg@pen mit vorhandenem RAE bereits in ei-
ne schiefe Verteilung sportlichen Talents mit m&entierten relativ alteren Nachwuchsspielern
transformiert wurde. Eine Interventionsmaflinahme Reduktion der bestehenden Schiefe in der
Geburtenverteilung stande demnach im Widerspruclhypothetischen Verteilung des Talents bei
Spielergruppen mit vorhandenem RAE. Vielmehr sollt@erventionsmal3hahmen darauf abzielen,
bei der erstmaligen Selektion von Spielern auf hét&elektionsniveaus eine Zunahme des RAE-

Ausmalles zu vermeiden.

4.2 Ausblick auf zukinftige RAE-Forschung

Bei der Konkretisierung des theoretischen Modetia Wattie et al. (2015) fur die empirischen
Studien dieser Dissertation wurden Einschrankuregndie Sportart FuRball, mannliche Nach-
wuchsspieler und das DFB-Nachwuchsfordersystemevangmen (vgl. Abschnitt 2). Die Ergeb-
nisse der empirischen Studien besitzen damit GglfinNachwuchsfordersysteme aus Sportarten
mit ahnlichem Anforderungsprofil, ahnlicher Popiiktr und vergleichbarer Ausbildungsstruktur
wie FuB3ball in Deutschland. In Frage kommen dagisfielsweise andere grof3e europaische Ful3-
ballverbande wie Spanien oder Frankreich sowieiémmlphysisch-kérperbetonte Sportarten mit
grol3er nationaler Popularitat wie Rugby in EnglaBdi Transfers in andere Bereiche muss eine
eingeschréankte Gultigkeit der Erkenntnisse in Kgetiommen werden. Beispielsweise werden im

deutschen Handball, anders als bei den Jahreskohiont FuRball, in einer Altersklasse immer die
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Spieler zweier Jahrgange zusammengefasst. EineéeStod Schorer, Wattie und Baker (2013)
konnte zeigen, dass es aufgrund dieser Alterskiagseilung zusatzlich zum RAE auch einen
sconstant year effect* im deutschen Jugendhanabbt| bei dem der altere Jahrgang einer Alters-
klasse Uberreprasentiert ist. Obwohl die Spielsptam Ful3ball und Handball viele gemeinsame
Bedingungen aufweisen, sind die Ergebnisse deregamhden Arbeit nicht universell auf das deut-
sche Nachwuchsfordersystem im Handball Gbertradbamit zeigt sich generell, dass die gezielte
Variation einzelner individueller, Aufgaben- und Weitbedingungen der RAE-Entstehung als

Ausgangspunkt fur zukinftige RAE-Forschung verwémgsrden kann.

Die zeitlichen Entwicklungsbedingungen Altersklassel Selektionsniveau wurden in den empiri-
schen Studien ebenfalls eingeschrankt auf den dbgesich mit den Altersklassen U12 bis U19
und die Selektionsniveaus oberhalb des Amateudet#ghe Ausweitung der Bedingungen auf die
Ubergangsphase in den Erwachsenenbereich bietet Retschungsansatze. Hochinteressant ist
beispielsweise die Fragestellung, warum relatiggien Nachwuchsathleten, die bei den Talentse-
lektionsmal3nahmen im Jugendbereich bericksichtigtien, mit relativ gro3erer Haufigkeit den
Sprung in den Profibereich schaffen als relativefdt(Le Gall et al., 2010; McCarthy & Collins,
2014; Skorski et al., 2016). Ein moglicher Mechanis dieser Umkehr des RAE ist, dass relativ
Jungere durch die standige Herausforderung mitivefdteren zu konkurrieren, langfristig vorteil-

hafte psychische Dispositionen ("mental toughnddsCarthy et al., 2016, S. 1464) erwerben.

Ein weiterer Ansatzpunkt fur Studien sind die RAEdBigungen, die im Rahmen dieser Dissertati-
on nicht untersucht wurden. Im Bereich individueB&dingungen gilt der Einfluss von Selektions-
prozessen auf die psychologischen Personlichkgédaschaften selektierter oder nicht selektierter
Nachwuchsathleten als wichtiger Mechanismus degftetigen RAE-Entwicklung (Hancock,
Adler, et al., 2013). Im Bereich der Umweltbedingen sind der Einfluss der Selektionsstrategie
des Trainers und Méglichkeiten zur ManipulationséieSelektionsstrategie bisher unzureichend er-
forscht. Die Ergebnisse einer ersten Studie deaterdass eine direkt auf den Trainer abzielende
Interventionsmal3nahme, z. B. eine Aufklarung UberEkistenz des RAE und seiner negativen
Folgen, wirkungslos ist, wenn die Selektionsstrigtetps Trainers von anderen Umweltbedingun-
gen, wie einem hohen kurzfristigen Erfolgsdruckder jeweiligen Talentférderinstitution, beein-
flusst wird (Hill & Sotiriadou, 2016). Damit wirdugleich ersichtlich, dass bei der Evaluation mdog-
licher Malinahmen zur Reduktion des RAE neben detachbarkeit und Effektivitat dieser Mal3-
nahmen auch unerwiinschte Interaktionen mit andefda-Bedingungen Beachtung finden mus-
sen (vgl. Wattie, 2013).
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Eine weitere Forschungsperspektive sehen Watii. ¢2015) in der Anwendung anderer statisti-
scher Ansatze auf die RAE-Problematik. Vorhersagenwirkung von Entwicklungsbedingungen
auf die RAE-Entstehung fur den Einzelfall sind, lidinwie bei der Vorhersage zukiinftigen sport-
lichen Erfolgs Uber die Ergebnisse motorischer Je@tioner & Votteler, 2016), immer
probabilistischer Natur. Insofern erscheint es motshg, die bisher zumeist lineare statistische Mo-
dellierung der Zusammenhange bei der RAE-Entstelnamgrobabilistische Ansatze zu erweitern.
Der sogenannte ,personenorientierte” Ansatz bigietkombination einer Cluster-Analyse ahnli-
cher Merkmalstypen mit anschlie3ender logistisdRegression eine multivariate probabilistische
Methode (Bergman & Trost, 2006; von Eye & Bogat)@0und hat sich in der Talentforschung be-
reits bewéhrt (Zibung & Conzelmann, 2012).

4.3 InterventionsmalRnahmen zur Reduktion des RAE

Kategorien von Interventionsmalinahmen in der wsdsaftlichen Diskussion

Die in bisherigen Studien publizierten Vorschlagelhterventionen zur Reduktion des RAE zielen
auf die Umweltbedingungen Altersklasseneinteilunbaad eines Stichtags, strukturelle Rahmen-
bedingungen der Talentselektion und den TraineNalantwortlichen fir die Talentselektion ab
(Andronikos, Elumaro, Westbury & Martindale, 20B&ker, Schorer, et al., 2010).

Vorschlage zur Anderung déitersklasseneinteilungnhand eines Stichtags sind verschiedene Va-
rianten rotierender Stichtage (Spieler sind im ¥eflihrer Nachwuchskarriere zeitweise relativ al-
ter und zeitweise relativ junger) oder eine Einteg der Nachwuchsathleten nach dem biologischen
Entwicklungsstand (Hurley, Lior & Tracze, 2001; Mbhs& Grondin, 2001). Der logistische Auf-
wand dieser Vorschlage stellt die fur ihre Umsetgzuerantwortlichen Nachwuchsférdersysteme
jedoch vor sehr groRe Herausforderungen (Bakerpr8chet al., 2010). Eine weniger drastische
Anderung der Altersklasseneinteilung ist die im \8eizer AmateurfuBball eingefiihrte ,Carte
Blanche* (Schweizerischer Ful3ballverband, 2016 Regelung erlaubt, dass ein im Entwick-
lungsstand deutlich zurtickliegender Nachwuchsspféleein Jahr in die darunterliegende Alters-
klasse zuriickgestuft werden kann. Allerdings bestetse Option nur fir die Ebene Amateurverein

und nicht fur die hoheren Selektionsniveaus desWachsfordersystems.

Als InterventionsmalRnahme fur dBtruktur eines Nachwuchsférdersystamgde vorgeschlagen,
die ersten Talentselektionen in den Zeitraum naen Bubertat zu verlagern (Dawid &
Muehlheusser, 2015; Giillich, 2014; Gullich & Emri@912). Diese MalRnahme hat das Ziel, den
Trend einer frihzeitigen systematischen Talentselekumzukehren. Damit wirde eine RAE-

Entstehung wahrend des aufgrund grof3er biologisEimwicklungsunterschiede riskanten Zeit-
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raums Pubertat verhindert werden. Gleichzeitig k&émnan damit einen frihzeitiger Sportartenaus-
tritt von Nachwuchsathleten, die nicht bei TalelgisgonsmalRinahmen bericksichtigt wurden, ver-
meiden (Baker, Schorer, et al., 2010). Aufgrundgtef3en Anzahl an Nachwuchsspielern im (deut-
schen) Ful3ball erscheint eine frihzeitige systetiad Talentselektion jedoch notwendig, um ta-
lentierte Nachwuchsspieler mit ausreichend guterdétbedingungen auf die stetig steigenden
Leistungsanforderungen im Erwachsenenbereich vereiten und sie national und international

konkurrenzfahig zu machen.

Eine weitere Moglichkeit des strukturellen Einggifh den Talentselektionsprozess ist die Vorgabe
von Quotenfir die Geburtenverteilung der selektierten Spi@Barnsley & Thompson, 1988). Bei
der Vorgabe einer Gleichverteilung Uber die Gelguadstale miussten Trainer beispielsweise darauf
achten, fur jedes Geburtsquartal den gleichen &pieleil auszuwahlen. Ahnlich wie bei dem Vor-
schlag rotierender Stichtage ist eine Quotenregehai logistischem Aufwand verbunden und be-

notigt daher Akzeptanz und Unterstitzung von deanvavortlichen Talentforderinstitution.

Die Umweltbedingunglrainer ist ein weiterer Ansatzpunkt fur ReduktionsmalnahmTrainer
verwenden aus pragmatischen Griinden die aktueitgungsfahigkeit eines Spielers als Kennzei-
chen seines Talentpotentials und tragen somit 2E-Rntstehung bei (Dixon et al., 2011; Emrich
et al., 2008). Eine aktuelle Studie zu MechanismenRAE-Entstehung bei Selektionsprozessen
zeigte daruber hinaus, dass Ful3balltrainer ungeiatdtséachlicher Leistungsunterschiede grol3 ge-
wachsene Spieler mit hoher Leistungsfahigkeit aesen (Furley & Memmert, 2016). Eine mdgli-
che Intervention besteht darin, die Ausbildung Oeiiner fur die Talentselektion zu verbessern und
sie durch Zusatzinformationen bei der Talentsedektiu unterstiitzen (Cobley, Baker, et al., 2009).
Eine aktuelle Studie konnte zeigen, dass das veldtiter als Zusatzinformation nur dann zu einer
Reduktion des RAE-Risikos fuhrt, wenn sie dem Teaim adaquater Form zur Verfigung steht
(Mann & van Ginneken, 2016). Wéahrend die alleinigntnis des relativen Alters nicht zur Ver-
meidung eines RAE bei der Talentselektion fihrtgstand bei Spieler, die wahrend der Sich-
tungsmal3nahme ihr relatives Alter als Nummer awh déarkierungsleibchen prasentierten, kein
relativer Alterseffekt mehr. Als weitere Zusatzinfationen schlagen Romann und Cobley (2015)
vor, den Trainern um relative Altersunterschiedesimggte Leistungskennwerte bereitzustellen. Die
Effektivitat zusatzlicher Informationen bei der RAteduktion ist allerdings nicht selbstverstand-
lich. So zeigte eine Interventionsstudie, dass sliEh Selektionsstrategie eines Trainers nicht
zwangslaufig andert, wenn ihm das relative AltenaseSpieler und das Phadnomen RAE bekannt ist
(Hill & Sotiriadou, 2016). Als Grund gaben die lwdfenen Trainer in Interviews an, dass ihre Se-

lektionsentscheidungen vom kurzfristigen Erfolgstirdiir ihre Trainerkarriere und dem Einfluss
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der Eltern mitbestimmt werden. Damit wird deutlictass bei der Konzeption effektiver Redukti-
onsmalinahmen fur die Selektionsstrategie des Tsaider Einfluss der Umweltbedingung Talent-

forderinstitution beachtet werden muss.

Trotz der vielen in der Forschung diskutierten Ans&ur Reduktion des RAE, erscheint ihre Um-
setzung in der Praxis schwierig. Zumindest wurdishds keine Anderungen des RAE-Ausmalies
im Ful3ball nachgewiesen (Helsen et al., 2012) uadgelt es an Studien zu erfolgreichen Interven-
tionsmalRnahmen. Um in den verantwortlichen Nachwidcterinstitutionen Akzeptanz und Unter-

stiitzung zu erfahren, sollten ReduktionsmafRnahmedremn aktuellen Erkenntnissen zur RAE-

Entstehung das spezifische Gefiige der Umweltbedopgu eines Nachwuchsférdersystems be-
rucksichtigen (Wattie, 2013).

InterventionsmalRnahmen im DFB-Nachwuchsfordersystem

Als Ubergeordnete Malinahme zur Reduktion des RAHevdasBewusstsein und Verstandaism
Phanomen RAE bei den Verantwortlichen in der Praxight. Dazu wurden die Ergebnisse der
empirischen Studien der Dissertation sowie die herolgenden in der Synopsis vorgestellten
Vorschlage zu einer Reduktion des RAE im DFB-Nacttebrdersystem im Sinne eines Wissens-
transfers bei mehreren zentralen Tagungen den dvatithen Trainer und Funktionéren des DFB-
Nachwuchsfordersystems vorgestellt und gemeinsakutiert (z. B. Verbandssportlehrertagung
Kamen-Kaiserau 2014). Zudem wurde die ProblemaflE BRei nachfolgenden dezentralen Trai-
nerfortbildungen im DFB-Stutzpunktprogramm thematts

Aus Sicht des Projekts ,sportwissenschatftliche Biéghg des DFB-Talentférderprogramms* sind
insbesondere diBFB-Stiutzpunkteind dieVerbandsauswahlmannschaftedrderstufen, bei denen
durch zentral vorgegebene Regulierungen der DFBiMeiortlichen, Einfluss auf die Entstehung
des RAE genommen werden kann. Bei den Leistungszerder Profivereine und den DFB-
Jugendnationalmannschaften scheint dies zwar gétald$s auch moglich, aufgrund des hohen Er-
folgsdrucks der Trainer bei nationalen und inteomatien Meisterschaften aber schwerer umsetzbar
zu sein. Daher werden hier nur fir die beiden Selegniveaus DFB-Stlutzpunktprogramm und
Verbandsauwahlmannschaften spezifische Reduktidiisammen unter Berticksichtigung struktu-
reller Besonderheiten der jeweiligen Ebene vordagem. Gleichzeitig werden jedoch die Ergeb-
nisse der zweiten empirischen Studie zum RAE beitibkigt, die gezeigt haben, dass die RAE-
Entwicklung das zusammenhangende System aller tRelekiveaus und Altersklassen umspannt
(Votteler & Honer, 2016). Weiterhin zeigten die Ebgisse der Studie, dass insbesondere die erst-

malige Selektion neuer Spieler fir hohere Selektioreaus zur Erhhung des RAE-Ausmalies bei-
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tragt. Daher konzentrieren sich die Reduktionsmafe: auf eine Vermeidung der RAE-

Entstehung in diesen Selektionsprozessen.

DFB-Stutzpunktprogramm

Generell sind die bestehenden Umweltbedingungedesn DFB-Stltzpunkten (u. a. sehr breite
Forderung mit verhaltnismalfiig wenig Konkurrenzdrbek TalentselektionsmalRnahmen, einheitli-
che, vorgeschriebene Selektionsstrategie, gerindgemeck auf den Trainer fur mannschaftlichen
Erfolg) glnstig fur Interventionen zur ReduktiorsdRAE. Da die Selektion in die Stltzpunkte der
Beginn der systematischen Talentselektion im DEBkdnnen InterventionsmalRnahmen frihzeitig
eine RAE-Entstehung vermeiden. Die Entscheidungafié die Einfihrung eineQuotenregelung
mit der Vorgabe einer Gleichverteilung der Geburtarfigkeit Uber die Geburtshalbjahre. Diese
Quotenregelung muss jedoch beriicksichtigen, dasgruend der probabilistischen Natur des Phé-
nomens RAE (Wattie, 2013), zufallige Schwankungededr Geburtenverteilung der talentiertesten
Spieler mdglich sind. Daher gilt die Quotenregelargnt als deterministische Vorgabe, sondern als

Orientierungsgrundlage fur den sichtenden Trawam,der er im Einzelfall abweichen kann.

Aufgrund der zufélligen Schwankungen in der Gelmugeteilung talentierter Spieler ist eine Quo-
tenkontrolle fur Geburtshalbjahregeeigneter als@Gaburtsquartale, da sie dem Trainer mehr indi-
viduellen Entscheidungsspielraum lasst. Allerdiagte beachtet werden, dass solche ,technischen
Losungen” (Wattie, 2013, S. 13) zu ungewiinschtebeNeirkungen fihren kdnnen. Beispielswei-
se kann eine Halbjahresquote im Sinne eines dapp8&lichtags 1. Januar und 1. Juli zu Beginn je-
den Halbjahres dazu fuhren, dass Spieler aus dsteneGeburtsquartal (Januar bis Marz) und far
das zweite Halbjahr Spieler aus den dritten GeQuaal (Juli bis September) bevorzugt selektiert
werden. Um diese unerwinschte Nebenwirkung zu ndenmn, wurden die Trainer im DFB-
Stutzpunktprogramm angewiesen, auch die Verteilibey die Geburtsquartale im Auge zu behal-

ten.

Die Quotenregelung einer Gleichverteilung fir be@burtshalbjahre ist nur dann geeignet, wenn
auf Vereinsniveau eine Gleichverteilung der Gemindeifigkeit gegeben ist. Um zu verhindern,
dass aufgrund maglicher Vorsichtungen im Vereirelbgroei den zur Talentselektion antretenden
Vereinsspielern ein RAE besteht, werden Vereinsgérain der Regel angewiesen, die gleiche An-

zahl an Spielern aus dem ersten und zweiten Gélalisjahr zur Sichtung mitzubringen.

Nachdem ein Spieler ins DFB-Stltzpunktprogramm endgnmen wurde, kdnnten dem Stitz-
punkttrainer fur die Entscheidung, welche Nachwtalkste weiter forderungswiurdig sind, alters-

bereinigte Leistungskennwerte a@sisatzinformatiorzur Verfigung gestellt werden (Romann &
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Cobley, 2015). Wie in der ersten empirischen Stadigedeutet, besteht dafur die Mdglichkeit, die
Ergebnisse der Spieler in der halbjahrlichen teatwtorischen Diagnostik statistisch um den Ein-
fluss relativer Altersunterschiede zu bereinigentt®ler & Honer, 2014)

Die hohere kérperliche Reife relativ alterer Spigjdt als Ursache fur deren haufigere Selektian al
Talent. Daher ist die Bereitstellung vamformationen tber den Reifestasdiner Spieler fir den
Trainer hilfreich zur Reduktion des RAE. Vor diesélimtergrund wurde im Rahmen dieser Arbeit
eine Pilotstudie miN=404 DFB-Stutzpunktspielern der Altersklassen Uik1Ui14 durchgefinhrt. In
der Pilotstudie wurde die testtheoretische Glte,degurity-offset*-Verfahrens zur Erfassung der
somatischen Reife von Mirwald, Baxter-Jones, Bailegi Beunen (2002) an zwei Messzeitpunkten
(Zeitabstand finf Monate) langsschnittlich analsts{®otteler, Murr & Honer, 2014). Gegenuber
den im medizinischen Kontext haufig verwendetenhdden zur Erfassung des biologischen Alters
Uber das Skelettalter und Uber die Auspragung sklten Geschlechtsmerkmale (Baxter-Jones,
Eisenmann & Sherar, 2005), hat das ohnehin 6korubrais Verfahren den zusatzlichen Vortell,
dass keine Belastung mit Rontgenstrahlung odeEigidringen in die Privatsphare des Nachwuchs-
sportlers notwendig ist (Malina et al., 2012). Bier Berechnung des maturity-offsets (Zeitabstand
vom aktuellen chronologischen Alter zum Alter dedfden Wachstumsschubs) mussen lediglich
die KorpergroRe, das Korpergewicht und die Sitzh&ihes Probanden erfasst werden. Obwohl die
Methode bereits intensiv in der TalentforschungSport (Matthys, Fransen, Vaeyens, Lenoir &
Philippaerts, 2013; Till, Cobley, O' Hara, Cooke @hapman, 2014) und in der Sportpraxis
(Fuchslocher, Romann, Rudisdli, Birrer & Hollenste2011) eingesetzt wird, ist die fur die Zuver-
lassigkeit und Genauigkeit der Ergebnisse releviastitheoretische Gite des Verfahrens bisher nur
in Einzelaspekten untersucht worden (Malina, 20D&). Pilotstudie zeigte signifikante Unterschie-
de im Ergebnis der Methode zwischen dem erstendena zweiten Messzeitpunkt in den Alters-
klassen U11 bis U13 und konnte somit zeitgleichammier anderen Studie (Malina & Koziet, 2014)
nachweisen, dass das Messergebnis vom Alter dersuchten Person abhangt. Zudem konnten
mit der vorgeschlagenen Kategorisierung der Mes$arigse nur 3,2% der Spieler reliabel als frih-
oder spatreif klassifiziert werden. Damit war diethiode nur fir Extremfalle im begrenzten Al-
tersbereich der Altersklasse U14 anwendbar undtsosgesamt fur eine flachendeckende Diag-

nostik im DFB-Stitzpunktprogramm ungunstig (Vottedeal., 2014).

2 Dieser Vorschlag wurde aufgrund der ohnehin hdtemplexitat der Leistungsriickmeldungen an die Temisisher
nicht umgesetzt.
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Verbandsauswahlmannschaften

Fir die Verbandsauswahlmannschaften wurden relatitezseffekte mit einem Anteil von 69,5%
bis 73,9% in der ersten Jahreshélfte geborenetepestgestellt. Im Vergleich zum vorherigen Se-
lektionsniveau Leistungszentrum nahm der RAE beiSkdektion fur die Verbandsauswahlmann-
schaften in jeder Altersstufe jeweils um circa 3% &ls moglichst 6konomische Regelung, die ei-
ne Reduktion des RAE bewirkt und zugleich den aiorigerten Zielen der Landesverbande Rech-
nung tragt, moglichst gute Platzierungen bei deB{3tchtungsturnieren zu erzielen, wird eine
gemaRigte Quotenregelungrgeschlagen. Fur die genaue Spezifikation dest€uegelung ware
es denkbar, die Anzahl der Spieler aus der erstbreshélfte im 16er Kader auf beispielsweise
hdchstens elf Spieler (68,8% Spieleranteil ershee3hélfte) zu beschranken. Somit wirde bertck-
sichtigt werden, dass die Spieler hdufig aus Leggaentren selektiert werden, in denen bereits ein
RAE von etwa 69% in der ersten Jahreshélfte geleorgpieler vorliegt und die Selektion der Ver-
bandsauswahlspieler somit nur ein weiterer Selegsiohritt im zusammenhangenden System der
RAE-Entstehung im DFB-Nachwuchsférdersystem istt@®er & Honer, 2016). Damit wuirde
ebenso Berucksichtigung finden, dass aus der urgfich anzunehmenden Gleichverteilung sport-
licher Begabung auf Amateurniveau lber die systisetag Forderung in den Leistungszentren (mit
vorhandenem RAE) eine schiefe Verteilung sportiici@lents mit mehr relativ alteren Talenten
geworden ist (Votteler & Honer, 2016). Zusatzlignkte bei der Quotenregelung beachtet werden,
dass die bei der Sichtung zur Verfiugung stehendmanpotentieller Verbandsauswahlspieler ge-
ringer wird, weil Trainer beispielsweise die Torizwangslaufig nach ihrer Spielposition auswéah-

len mussen. Die Quote kénnte sich somit auf diggéhrl4 Feldspieler beziehen.

Eine solche Quotenregelung hatte keine nachhadiggativen Auswirkungen auf die Sichtung der
DFB-Jugendnationalmannschaften, da ein Trainezbetielen Spielern aus der ersten Jahreshalfte
in der Konsequenz lediglich seine ,Nr. 12“ aus depielerkader streichen musste. Diese ,Nr. 12“
ist jedoch in den meisten Féllen kein ernsthaftendidat fur die Jugendnationalmannschaft.
Exemplarisch waren von der Quotenregelung bei dentihgsturnieren im Jahr 2012, 46 der 84
Mannschaften (21 Landesverbande in vier Sichtungigten) betroffen gewesérDiese 46 betrof-
fenen Mannschaften hatten im Schnitt zwei Spiateaximal funf) aus der ersten Jahreshalfte strei-
chen missen. Damit hatten pro Sichtungsturnierhdgimittlich 23 Spieler mehr aus der zweiten
Jahreshalfte teilgenommen und der Spieleranteildausersten Jahreshélfte wére insgesamt von
73,0% auf 65,4% reduziert worden.

% Daten dieser Auswertung stammen aus Studie 2éMoi& Honer, 2016).
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Um die von Sportverbandsseite zdgerliche ReaktidrvVarschlage zur Reduktion des RAE zu ver-
stehen, muss man berlcksichtigen, dass ein gewiaBsan Unfairness und geringer Effizienz
aufgrund eines vorhandenen RAE nicht automatiscle gjeringe Effektivitat des betroffenen
Nachwuchsfordersystems mit sich bringt. Tatsachiielgen die aktuellen Erfolge der Nationen
Deutschland, Frankreich, Spanien und Schweiz ineddigund Erwachsenenbereich, dass Nach-
wuchsfordersysteme trotz eines existierenden RAgk darin sein kdnnen, hochqualifizierte Ju-
gendspieler fur den Profibereich auszubilden (Ggrét al., 2009; Jimenez & Pain, 2008; Romann
& Fuchslocher, 2011b).

Die enorme Breite des DFB-Nachwuchsférdersystemsléia zusatzlichen Vorteil, dass auch eine
sehr hohe Anzahl relativ jingerer Spieler geféraerd (z. B. werden ungefahr 2.000 Nachwuchs-
spieler des vierten Geburtsquartals in der Altasst U12 bis U15 an den DFB-Stitzpunkten trai-
niert). Da die Selektionsniveaus einen grof3en deilAltersklassen im Jugendbereich umspannen
und pro Jahr in jeder Altersklasse und auf jederlakfiensniveau etwa 20% der Spieler neu gesich-
tet werden (Votteler & Honer, 2016), haben aucteftd, die aufgrund ihrer Entwicklung erst ver-
haltnismalRig spat tberdurchschnittliche Leisturmggen, noch in hdheren Altersklassen die M6g-
lichkeit gesichtet zu werden. Das Risiko hochtaéetd relativ jungere Nachwuchsspieler zu tGber-
sehen ist daher sehr gering. Trotzdem sollte egguRion des RAE in Betracht gezogen werden,

um die Verteilung der Forderressourcen auf die biegéen Spieler effizienter zu gestalten.
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Title: Psychometric Properties of the Motor Diaginessin the German Football Talent Identi-
fication and Development Programme

Abstract

The utilisation of motor performance tests for mal@entification in youth sports is dis-
cussed intensively in talent research. This arsi@mines the reliability, differential stability
and validity of the motor diagnostics conductediaratide by the German football talent
identification and development programme and prewiteference values for a standardised
interpretation of the diagnostics results. Highglested players (the top 4% of their age
groups, U12-U15) took part in the diagnostics atrieasurement points between spring 2004
and spring 2012N=68,158). The heterogeneous test battery measyeed sabilities and
football-specific technical skills (sprint, agilitgribbling, ball control, shooting, juggling).
For all measurement points, the overall score hadgspeed tests showed high internal consis-
tency, high test-retest reliability and satisfyidifferential stability. The diagnostics demon-
strated satisfying factorial-related validity witttausible and stable loadings on the two em-
pirical factors “speed” and “technical skills”. Tlseore, and the technical skills dribbling and
juggling, differentiated the most among playersddferent performance levels and thus
showed the highest criterion-related validity. Sfaittory psychometric properties for the di-
agnostics are an important prerequisite for a $ifieadly sound rating of players’ actual mo-
tor performance and for the future examinationhef prognostic validity for success in adult-

hood.

Keywords soccer, tests, reliability, validity, referencawes
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1. Introduction

The exploration of young athletes’ potential foogmg excellence in adulthood, and the
optimisation of support for these young athleteshair way to superior performance, i.e., the
processes of talent identification and talent dgwelent (TID, Williams & Drust, 2012), is an
expanding field of practice and research (Coblehoger, & Baker, 2012, p. 1). To support
the TID process, current research addresses thehskea relevant talent predictors in diag-
nostics. The general prerequisites for the progngstwer of diagnostics are the appropriate
selection of predictors and a scientifically solassessment of the selected characteristics
(Nolting & Paulus, 2009).

The selectionof relevant talent characteristics is itself chadjing. Based on a multidimen-
sional and dynamic approach, the range of predibould not only contain several (physi-
cal, physiological and psychological) personal ahteristics and environmental factors
(Williams & Reilly, 2000) but should also exceea tneasurement of actual performance in
order to reveal athletes’ development potentialb@h Button, Pepping, & Collins, 2005;
Abbott & Collins, 2004; Hohmann, 2009; PankhurstGllins, 2013; Renshaw, Davids,
Phillips, & Kerhervé, 2012). Another problematieais the use of cross-sectional designs for
data assessment without considering potential coafers such as relative age or maturity
(Unnithan, White, Georgiou, Iga, & Drust, 2012; Yams, Coelho e Silva, Visscher,
Philippaerts, & Williams, 2013; Votteler & HonerQ23).

Problems such as these are far from resolved amg stadies are thus forced to focus on
a smaller range of predictors. For this reason, pi@grammes in many countries have been
accompanied by scientific studies using motor diggios in the last several years, even
though the use of such “physical skill tests” fatent identification remains disputed (e.g.
Lidor, Coté, & Hackfort, 2009). Comprehensive sasdhave been conducted, particularly for
football, in countries such as Portugal, Belgiune, Netherlands and Switzerland. These stud-

les examined some of the problems related to tleets®n of talent predictors such as the in-
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fluence of biological maturity on different motokillss and abilities (Figueiredo, Coelho e
Silva, & Malina, 2011), the age dependent diagegsbwer of different motor tests (Vaeyens
et al., 2006), dynamic aspects of performance deweént in motor skills (Huijgen, Elferink-
Gemser, Ali, & Visscher, 2013) or the function alyphological characteristics for motor de-
velopment (Zuber & Conzelmann, 2013).

With respect to thassessmenf talent predictors such as motor skills or e, psy-
chometric properties are a critical issue in tatesearch. Sufficient reliability and differential
stability can provide essential information abdwe aiccuracy of the measurement instrument
as well as development-related fluctuations indabsessed characteristics. Nevertheless, for
many (particularly football-specific) diagnostiasither no evaluations or only insufficient
evaluations of these properties have been repOed2011; O'Reilly & Wong, 2012). Addi-
tionally, the variables’ differential stability &n under-documented property even though this
is a prerequisite for a variable being considerea #alent predictor during athletes’ adoles-
cence (Abbott & Collins, 2002; Hohmann, 2009) —eaiqd in which high inter- and intra-
individual fluctuations in motor development canésgected (Malina, Bouchard, & Bar-Or,
2004).

Furthermore, the meaningful interpretation of tesults requires validity and standardised
reference values for the diagnostics (Kline, 20@)e criticism concerning validity is that at
present time mainly physiological, or isolated fwait-specific skills tests of low external va-
lidity, are used to acquire information regardihg tctual and future global match perform-
ance in football (Unnithan et al., 2012). A furtleemcern is the scientifically sound applica-
tion of diagnostics. The standardisation of testssisential, especially for large-scale diagnos-
tics conducted nationwide. Beyond standardisingdgscution, reference values for the test
results are necessary for providing meaningfulrprigation, particularly when tests are used
for making decisions about individuals or for scrieg purposes (Kline, 2000, p. 49) such as

in talent diagnostics.
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As a prerequisite for talent research intending@stigate the long-term prognostic rele-
vance of motor diagnostics, this study aims to ys®athe psychometric properties of a diag-
nostics conducted nationwide by one of the worldigest sport-specific TID programmes —
a programme started in 2002 by the German Fooffsabciation (Deutscher Ful3ball-Bund,
DFB). The DFB promotes 14,000 talented youth playerthe age groups Underl2 to Un-
derl5 (U12 to U15), i. e. approximately the top gbdyers in each age group, at one of the
DFB’s 366 regional competence centres, given thay have not already been selected for
the youth academy of a professional club. The raam of the competence centres is to im-
prove youth players’ football-specific (technicaRills and speed abilities (Schott, 2010). To
monitor players’ motor performance development,fidwball-specific skills and speed abili-
ties of all selected competence centre playerdemted twice a year using a heterogeneous
test battery implemented in 2004 (Lottermann, Lalttes, & Friedrich, 2003). In detail, this
study comprises four objectives concerning the mparformance diagnostics of this TID
programme:

I. the reliability of the diagnostics in termsiaternal consistencgndtest-retest reliabil-
ity,

Il. the differential stability of the assessed characteristics in order to censidt only
measurement-related but also developmentally bfisettiations in the diagnostics re-
sults,

lll. thefactorial- andcriterion-related validityof the diagnostics (Do the heterogeneous di-
agnostics reflect the targeted technical skills speled abilities? Do the diagnostics re-
sults differentiate between players of differentf@enance levels?),

IV. standardised reference valués a scientifically sound and nationally standsed in-

terpretation of the diagnostics results.
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2. Methods
2.1. Study Sample and Design

Table 1 describes the sub-samples for each ofoilredbjectives, including the number of
completed test procedures and players’ mean arghreic characteristics. The main sample
comprised 68,158 male competence centre playgheiage groups U12 to U15 who partici-
pated in the semi-annually conducted motor diagee$etween spring 2004 (T1) and spring
2012 (T17). Each competence centre player compgdtéghst one single test of the heteroge-
neous test battery on at least one measuremerntt [p@nvarious reasons (e.g., injuries), a

random group of players{%) did not complete the entire testing procedure.

=+Table 1+

Because data for juggling were available only beigig with T14, the results of measure-
ment points T14 to T17 were used to examine thiglijalof the test battery. The analysis of
criterion-related validity was carried out by intigating the results of an additional sample
of 2,288 youth academy players (U12 to U15). Beegusfessional clubs aim to promote the
most talented players in their youth academiesetlpdayers can be expected to have, on av-
erage, higher performance levels than competenteecglayers.

All players’ parents provided informed consent tioe recording of data and its scientific
use. The ethics department of the Faculty of Behaal and Cultural Studies at the Ru-
precht-Karls University of Heidelberg and the stifemboard of the DFB approved the im-
plementation of this study.
2.2.Measures and Procedure

The motor performance diagnostics is conductedchbyrésponsible coaches at all compe-
tence centres in the first half (autumn diagnoyticsl the second half of each season (spring

diagnostics) during a nationwide, predeterminecetimme of nine weeks and is carried out
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according to a standardised test manual (DFB, 200@xontrol the standardised procedure,
trained student research assistants regularly orecitthe test execution at selected compe-

tence centres.

*** Figure 1***

The test battery (Figure 1) comprised six testdtdrmann et al., 2003). The times for
sprint, agility anddribbling were measured by light barrier systems. The tifoeball con-
trol andjuggling were registered with stopwatches. For each testpbetter of two attempts
counted. Merely for thehooting testthe precision (shot on target field meant a ht) ahot
speed (subjective rating on a three-stage scalall eight shots were combined. The results
of five single tests were combined into a globalrscusing the following formula (juggling
was not included in the score, because it wasmplemented until autumn 2010):
Score=10,000*[(17.29*sprint)+(9.43*agility)+(4.11ritibling)+(2.41*ball control)+shooting]

The weighting factors display the ratio of the dimaptest's standard deviations with all
other tests from measurement point one (T1). Cares#ty, the product of standard deviation
and the weighting factor is equal for all includedts (Lottermann et al., 2003).

2.3. Statistical analysis

Statistical analyses were performed using SPS$i@Mplus 5.2.1. For the analysis of re-
liability, the internal consistencyf each single test (consistency of the two attsmgonsis-
tency of the eight shots for shooting) and the es¢brst attempts with second attempts) was
calculated with Cronbach’s alpha. Cronbach’s alwha used as the common measure for in-
ternal consistency rather than calculating the $teacorrelation because the Pearson coeffi-
cient underestimates the true reliability of thst with two attempts (Eisinga, Grotenhuis, &
Pelzer, 2012). For theest-retest reliabilityof each test, the relation between the autumn and

spring diagnostics within each season (averagespare 5 months) was analysed using the
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Pearson correlation coefficient. The consistenay tmst-retest reliability were analysed for
all 17 measurement points separately, and the regtamates as well as the 95% confidence
intervals for the average internal consistencytastiretest reliability were calculated.

The differential stability of the diagnostics spanned a total period of apprately three
years from U12 to U15. The season performancedohn @age group was calculated using the
mean value of the autumn and spring diagnosticpliyrers who completed both tests within
the corresponding season. The results in U12 foin player were correlated with the results
of the sequential diagnostics in U13 to U15 toneste the 1-, 2- respectively 3-year stabili-
ties.

For thefactorial-related validity factor analyses of all six single tests were cated for
each age group. In step one, an exploratory faatadysis (EFA) with oblique promax-
rotation was calculated with autumn diagnosticsiltesising a randomly selected first half of
the sample. The number of factors was determinetdyusaiser-Guttmann-criterion, Scree-
Test and a sequential analysis of the resultingpfdoading structure (Thompson, 2008). In a
second step, the factorial structure and factodifggs were cross-validated using confirma-
tory factor analysis (CFA) with fixed factor loadm and fixed factor correlations with the
second half of the autumn sample. For a restrictieelel estimation, all irrelevant EFA load-
ings with no values >.30 in the other age groupsevexcluded from the CFA measurement
models. Similarly, the stability of the factoriahscture was examined with the data of the
following spring diagnostics. For the analysisué iodel fit, the Root Mean Square Error of
Approximation (RMSEA) and the Standardized Root M&guare Residual (SRMR) as well
as the Comparative Fit Index (CFIl) and the Tuckexwvis Index (TLI) were used as common
indicators (acceptable fit for values close to {66 RMSEA/SRMR and close to .95 for
CFI/TLI, Schumacker & Lomax, 2010).

The criterion-related validityof the diagnostics was analysed with mean diffegsrbe-

tween competence centre and youth academy plgyerfsirmance using t-tests for independ-
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ent samples. These t-tests were calculated for efate eight age group diagnostics (U12
autumn, U12 spring, ..., U15 autumn, U15 spring)dibisingle tests and the score. As effect
sizes, Cohen’s d and the percentile rank (PR)Herrmean performance of youth academy
players within the results of all competence ceptagers were calculated. Because of a pos-
sible a-cumulation during multiple significance testing fight age group diagnostiaswas
Bonferroni-adjustedo(=.05/8=.006).

Standardised reference valuis each age group and each test were obtainextaefy
for competence centre and youth academy playecaloylating PRs for all test results from
autumn and spring diagnostics (T1 to T17). The pestormance of each player from U12 to
U15 was graded as category A (PR>70), B<@R<70) or C (PR<30), implying a rating of
the performances as above-average, average or-askenage Germany-wide.
3. Results
3.1. Reliability

Table 2 presents the means and 95% confidencevaidefior the internal consistency and
the test-retest reliability as estimates of theeganreliability upon the 17 measurement
points. The small range of the confidence interdaisionstrates the robustness of the estima-

tors (for internal consistency and for test-retegability).

**Table 2***

The global score as well as sprint and agility itesdisplay highinternal consistenciefor
the entire samplent.89) that only decrease slightly in the age-speahalyses (.841<.85).
The juggling test has acceptable internal conststevhen regarding both the entire sample
and the individual age groups (Xi#<.75). The consistencies of the technical skillgstes
dribbling and ball control, are questionabie=.61 and .68, respectively), and even smaller

within each age group (.58,<.57 and .6%0;<.64, respectively). The consistency of shooting
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must be classified as critical for the entire sanfpk.41) as well as for each age group
(.37<a;<.40).

Thetest-retest reliabilitiegor the entire sample with higher performance togfeneity are
approximately 0.1 points higher than for separgie groups. Considering all age groups to-
gether, the score demonstrates satisfying tesstreddiability withr=.74. The same applies
for sprint §=.76) and nearly for juggling£.69). With respect to agilityr£€.60), dribbling
(r=.56) and ball controlr€.50), moderate results were observed. As befbeeshooting test
presents the most critical value=(31).

3.2. Differential Stability

The differential stabilitiesdecrease in an approximately parallel manner ieitiger time
intervals for all tests (Figure 2) so that the oroiethe tests’ stability remains nearly constant
for longer periods. Thus, for all time intervalegtscore and sprint test possess the highest
stability (and juggling, for which only the 1-yeatability was available). The stability of
these tests steadily decreases from the 1-yealtitstaio U13 (ry12u15.71) to the 3-year sta-
bility (ruizuige.51). Agility and dribbling tests show stabilitiesom ryiu15.63 to
ruiz/u1s.50. Moreover, ball control and shooting clearlpwithe lowest stability over all pe-
riods. While the stability of ball control decreaseomry;2y15=.49 toryizuis=.35 from the 1-
year to the 3-year interval — and thus shows sobataorrelations between the test results in
U12 and the results in the following age groupke-ghooting test only shows minor correla-

tions between different seasons (e.grzu15=.21).

*REjgure 2***

3.3. Validity
Table 3 shows the results for tfeetorial-related validityincluding EFA statistics explor-

ing the factorial structure of the motor diagnastiwith the first half of the autumn sample)
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as well as the results of the CFAs confirming thesectures by cross validation (with the
second half of the autumn sample). Further on,atinysis of the stability of the factorial
structure (spring sample) is presented. The EFAltexsin solutions with two oblique factors
for each age group, of which each solution had maddecorrelations (.43i<.50) between
both factors and each factor solely explained apprately 20% of variance. Sprint and agil-
ity showed substantial loadings on the first factehich can be associated to the ,speed*-
related demands within the diagnostics. Ball cdnsfeooting and juggling loaded on the sec-
ond factor, representing the “technical skills”.eTtiribbling test possessed substantial load-
ings on both factors, which tended to higher logsdion the factor “technical skills” in the
higher age groups. Figure 3 presents the resuftiegsurement models with the highly sig-
nificant path coefficients (p<.01).

The cross validation of these measurement modeisrewd the factorial structure for all
age groups. The four models showed acceptable nio¢eFI/TLI>.93, RMSEA/SRMR.05
each). Further on, the measurement models remababte after nearly half a year because
the CFA statistics for the spring sample reconfdméhe model (CFI/TLI>.95,

RMSEA/SRMRL.05 for each age group; Table 3).

#+Table 3+

***Ejgure 3***

Table 4 compares the statistics of competenceeantt youth academy players’ perform-
ances in the diagnostics with regard to¢hterion-related validity The comparison of shoot-
ing test results showed a trend toward better padaces for youth academy players in all
age groups, which reached significance in only frages (U12 autumn, U13 spring, U15 au-

tumn and U15 spring). Consistent with small effeizies (.08di<.34), the youth academy
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players’ performances in shooting were, with oneegtion (PRis.autum®67), only slightly
above average (SPR<60). All the other dependent variables in each g@mip showed
highly significant and relevant differences in fav@f youth academy players. Mean youth
academy performances corresponded tg>8Rin all age groups (with one exception in
sprint: PRy12-auum®96). Particularly the score (ZPR<79), dribbling (7¥PR<78) and jug-
gling (7=PR<92) were shown to be diagnostically valid with medo high effects sizes
(.51<di(scores. 76, .5Fdi(dribbling)<. 74 and .48d;jugging<.90). Agility (.42di<.57) and ball con-
trol (.38&d<.67) showed middle effect sizes. Low to middle perfance advantages for

youth academy players were observed for sprink@di2049).

s+Table 4+

3.4. Reference values

Table 5 contains theeference valueseparated for male competence centre and youth
academy players for all tests of the motor diagnegbr spring and autumn tests in all age
groups U12 to U15. These reference values enablenalardised interpretation of the motor
diagnostics results. They show that as age incsdaigber performances are necessary in or-
der to be rated in the A category. In addition hieigreference values for the youth academy
players serve as another confirmation of the coterelated validity of the test battery. For
example, in the autumn diagnostics a U12 playéneayouth academy level must perform the
dribbling test in under 10.51 seconds to be catsgdras “above average” (A) whereas the
reference value for categorisation as an A playénecompetence centre level is 11.15 sec-

onds.

#+Table 5+
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4. Discussion

Although psychometric properties of diagnostics fanedamental to scientifically sound
feedback for practice and potential talent progsosiich properties are seldom reported for
football skill performance tests (Ali, 2011). Whenterpreting the presented psychometric
properties, it should be considered that, unlikeeotstudies (Ali et al., 2007; Figueiredo,
Goncalves, Coelho e Silva, & Malina, 2009), thisdst examined a homogeneous sample
with regard to performance level and age (the ®&po4 youth football players in Germany).
While focussing the evaluation of a diagnosticsebte players of the same age corresponds
to the practical demands of talent selection fghbr selection levels, the consequently small
variances led to relatively conservative reliapilistimates and relatively small group differ-
ences (Traub & Rowley, 1991, p. 43).

Considering the reliability of the motor diagnostithe score possesses acceptabdenal
consistencyand acceptabliest-retest reliabilityacross all 17 measurement points. Sprint and
agility (¢;>.89) show similar reliability to tests in other dies (Hulse et al., 2013; Kutlu,
Yapicl, Yoncalik, & Celik, 2012; Mirkov, Nedeljkowi Kukolj, Ugarkovic, & Jaric, 2008;
Rumpf, Cronin, Oliver, & Hughes, 2011; Sporis, &ulilanovic, & Vucetic, 2010). The re-
liability of the technical skills tests is lowen particular for shooting, and moderate for the
other tests. This tendency confirms the finding®bfet al. (2007). However, other studies
also showed high reliability values for technichills tests (Figueiredo et al., 2009; Kutlu et
al., 2012), which might be caused by other typelbility, statistical assessment or exam-
ined samples. For dribbling and ball control sgateonsiderations by the players may have
led to lower consistency estimates because somgerplaomplete a “safety trial” on their first
attempt before they take a greater risk on therstattempt. The reliability of the shooting
test must be classified as critical, and the resiibuld be interpreted cautiously.

As may be expected, tlufferential stability of all variables nearly linearly decreases with

longer time spans (a nearly parallel trend foreathmined variables). Particularly for a time
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period (U12-U15) that is relevant to developmertt sensitive to fluctuations (Malina, 2004),
the score shows satisfying stability (3-year sibifF=.5). With this stability, the score — and
the sprint, agility, dribbling (and ball jugglinggsts — can be classified as potentially relevant
for talent prediction. More definite interpretatsoof the stability values are difficult because
only a few studies with hardly comparable sampkratteristics (higher performance hetero-
geneity) and different stability periods exist. &tlstudies also show a tendency to decreasing
stability over longer periods, to higher stabiltglues for anthropometric and physiological
characteristicsr{>.70) compared to technical skills as well as twdpstabilities during pu-
berty (Hohmann, 2009; Joch, 2001).

Thefactorial structureof the diagnostics is plausible in terms of cont&€he EFA led to a
two-factor measurement model assigning the testerding to their demands to either
.speed” or ,technical skill“, whereas dribbling waiketermined by both factors. Cross-
validating the factorial structure with quite résive models confirmed the stability of the
factorial structure within each age group. The @atron between the two factors most likely
results from an underlying general motor capabaitgl thereby justifies using the score as a
representative motor performance index of the bgemeous test battery. Slightly increasing
loadings of dribbling on the technical skills factwith older age groups most likely display a
change in the demands of the tests with increadimgnological age, which should be con-
sidered when older age groups are examined.

Whereas in other studies partly the examined teahskills and speed characteristics dif-
ferentiated only between groups with huge diffeesnim performance level (Vaeyens et al.,
2006) or partly did not show any differences (Coeth Silva et al., 2010), theriterion-
related validity is shown here even on an already highly seleqger@ormance level. In all
age groups, youth academy players demonstratedicag superior performance in all vari-
ables (except shooting). In addition to the scorainly the technical skill tests for juggling,

dribbling (PR=74) and ball control (PR67) were shown to be diagnostically valid in aleag
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groups. Although the speed tests sprint and adibiy higher reliability values, they showed
lower differences in competence centre and youdldemy players’ performance concerning
their criterion-related validity. Because physigatlemanding speed tests are, in general,
likely more affected by maturation than technidall $ests (Figueiredo et al., 2009; Malina et
al., 2005; Votteler & Honer, 2013), the already Brparformance advantages of youth acad-
emy players in these tests may additionally be ey their greater maturation (cf. height
and weight in Table 1).

In this study, the analysis of the psychometrigoprties was intentionally conducted in the
context of a practice-oriented evaluation. Thidudes the (partially problematic) conditions
under which such a nationwide diagnostics can bymeed. With respect to this, further sci-
entific criteria gain relevance. The diagnosticshsallenging but also satisfying regarding the
test economyconcerning costs, time, test leaders, e.g. A1) and thestandardisation of
the test executiofsee Figure 1). In addition, when positioning #tvantages of objective
tests against subjective ratings (Unnithan e28i12), the reference values provide an impor-
tant contribution to thetandardised interpretatioaf the diagnostics result§he subjectively
perceivedusefulnessnay be considered as an additional criterion fdragnostics. This can
be shown by the increased number of youth acadewheshave voluntarily participated in
the diagnostics (since 2009, an average of 16 yatademies per half year).

The confirmation of scientifically sound psychonefproperties in this practice-oriented
evaluation of the motor diagnostics in the TID peogme is an important prerequisite for fu-
ture examinations of the prognostic validity foegicting sporting success in adulthood. With
regard to the predictive potential of talent diagjies, it should be noted that the specification
of fixed cut-off values will always remain illusiarny (Lidor et al., 2009). Nevertheless, at-
tempts to predict talent should not end with thecfamation that “talent prediction is impos-
sible”, because, indeed, coaches are often fo@wanake such predictions during daily, rou-

tine practices. It is the task of scientific taleesearch to demonstrate the extent to which di-
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agnostics can provide support for the predicti@uired in coaches’ daily routines. There-
fore, it will be necessary in the future to extehe range of examined players’ characteristics
to other factors; for example, psychological chemastics (Machamara & Collins, 2013; Van
Yperen, 2009) and more valid measures for analysamgplex game performance (Unnithan
et al., 2012). Likewise, longitudinal research dasiand adequate statistical procedures, e.g.,
complex neuronal network analysis (Hohmann, 200891 @erson-oriented approaches
(Zibung & Conzelmann, 2012), should be used to igewscientifically sound data for the
practice.
5. Conclusion

This article presented the scientifically soundgb®metric properties of the motor diag-
nostics in the German TID programme and the diffeéaé stability of its score as an impor-
tant prerequisite for future examinations of thegmostic validity for predicting sporting suc-
cess in adulthood. The psychometric properties \weeationally analysed in the manner of a
practice-oriented evaluation in order to consideg partly problematic circumstances in
which such diagnostics are typically conductedatianwide TID programmes. Despite these
circumstances, taken together the diagnostics euffesatisfying psychometric properties.
Concerning the single tests, the speed tests shbighdr reliability values than the technical
skill tests. On the other hand, most skill testsvpd, on average, higher criterion-related va-
lidity than the speed tests in discriminating begwelifferent levels of performance. The test
manual and the proposed reference values enabéadasdised execution and interpretation
of diagnostics results within the nationwide GernfdD programme. Additionally, they en-
able researchers from other countries to repedettie and compare their results with the av-

erage motor performance of two important seledgeels in the German TID programme.
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Table 1.
Number of Examined Competence Centre (CC) Playaisyauth Academy (YA) Players and Average AnthrepanCharacteristics for Each Age Group

Autumr? Sprind
L . Rerformance - - - -
Objectives (Measurement Points) = " | Age Height Weight Age Height Weight
Group ™ (cm) (kg) Group @ (cm) (kg)
Uiz 35,293 148.6 38.0 ulz 37,639 150.8 39.7
Ui3 29,135 154.3 42.1 Ul3 32,188 157.1 44.6
CcC ul4 19,973 161.6 48.1 ul4 20,567 164.7 51.5
| (Reliability), Il (Stability), Uls 12,927  169.1 55.7 Uls 13,284 172.0 59.2
IV (Reference Values) Total 97,328 Total 103,678
(T2, T4, ... T16 for autumn 2004-11 resp.
T1, T3, ... T17 for spring 2004-12) ul2 617 148.9 38.2 ul2 639 151.2 40.0
u13 744 155.4 42.6 ul13 720 158.9 454
YA ui4 721 163.4 50.1 ul4 726 167.1 54.1
ul5 655 170.7 58.3 ul5 624 173.0 60.8
Total 2,737 Total 2,709
Uiz 8,449 148.8 38.0 ul2 8,143 150.7 39.5
Uul3 6,880 154.4 42.1 Uul3 6,688 157.0 44.3
CcC Uld4 4,487 161.2 47.8 Uul4 4,050 164.2 50.7
uls 2,800 169.1 554 uls 2,446 171.8 58.5
Il (Validity) (T14 Total 22,616 Total 21,327
T16 for autumn 2010-11 resp. T15 +
T17 for spring 2011-12) U1z 402 149.2 38.3 Uiz 389 151.3 39.7
ul13 450 155.5 42.6 ul3 401 158.3 45.2
YA ul4 456 163.7 50.2 ul4 409 166.7 53.8
uUi15 420 171.3 58.8 ui15 380 173.1 60.9
Total 1,728 Total 1,579

Note.?Players counted,who completed at least one ofithgirgyle tests at the corresponding measurement.pautumn diagnostics is the first measurement paipting
diagnostics the second measurement point in easoséBecause the new juggling test was deployed fromdriwards, data from T14 to T17 were used.
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Table 2.

Internal Consistencies and Test-Retest Reliakliffemonths) of All Motor Tests (Means and 95% @ente Intervals (Cls) resp. Range for Means of-8gecific Estima-
tions of Reliability) Based on 17 Measurement Poffitl to T17, respectively, Spring 2004 to Spridg2

Alpha Cronbach M
Vari U12-U15 Ui12, Ui3, Ui4, Uuis U12-U15 uUl2, U13, Uuil4, Uis
ariable ltems L .
(overall) (age-specific) (overall) (age-specific)

M [95%-ClI] Mutin = Mmax M [95%-ClI] Muin = Mmax

Score 2 .89 [.89; .90] .84 - .85 T4 [.73; .75] .60 - .64
Sprint 2 .95 [.95; .95] .92 - .93 .76 [.75; .78] .64 - .69
Agility 2 91 [.91; .91] .90-.90 .60 [.59; .62] .55 - .57
Dribbling 2 .61 [.60; .61] .53 - .57 .56 [.54; .57] A7 - .50
Ball Control 2 .68 [.67; .70] .61 - .64 .50 [.48; .51] 40 - .42
Shooting 8 41 [.38; .43] .37 - .40 .31 [.29; .33] .27 -.30
Juggling 2 g7 72 -.75 .69 .59 - .65

Note *The juggling test was implemented at measuremeint fd4. Hence, not enough data exist to calcuietiable Cls’Correlations between autumn and spring diag-
nostics within each season.
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Table 3.
Results of EFA and CFA for the Construct Validityvimtor Tests for the Age Groups U12 to U15 (T141d@, respectively, Autumn 2010 to Spring 2012)

Results EFA Fit-Indices CFA Fit-Indices CFA
(First Half of Sample Autumn 2011 & 2012) (Second Half Autumn Sample) (Sample of Spring 2011 & 2012)

EFA Loadings (pattern matrix)

Age Factors and Eigen- Explained

group Communality .
w value be- variance RMSEA RMSEA
" 8 o 2 % < fore rota- after rota- ™Y factors CFI TLI [90% CI] SRMR CFI TLI [90% CI] SRMR
2 = & 9 3 e tion  tion (%)
=] < 5 3 5 5
«Q 3 «Q «
Speed 50 92 .35 -.04 -02 -.02 2.12 23.87 0.50
. . . .04 .03
Ul12 Technical Skill -01 -07 35 .58 .33 49 1.11 18.81 .97 .97 [.03: .05] .03 .98 .98 [.03: .04] .03
h2 25 .78 .37 .31 .10 23
Speed 41 98 .38 .04 -.02 -.06 2,09 24.42 045
. . . .03 .03
U13 Technical Skill .03 -11 36 .54 .31 .52 1.12 18.07 .97 .97 [.03: .04] .04 .98 .98 [.03: .04] .03
h2 18 .88 .40 .31 .09 .25
Speed 36 97 .22 -.05 -.01 -.10 2.04 22.55 0.49
. . . .05 .05
Ul4 Technical Skill -04 -03 48 .54 .34 .57 1.12 20.35 .93 .93 [.04: .06] .05 .95 .95 [.04: .05] .04
h2 12 92 38 27 11 .28
Speed 33 99 .26 -.06 -.02 -.15 1.92 21.72 0.43
. . : .04 .05
U15 Technical skill .09 -02 45 54 .27 .63 1.19 18.97 .97 .97 [.02; .05] .04 .95 .95 [.04: .06] .05
h2 09 96 .37 .27 .07 .34

Note.Factor loadings used in the CFA measurement narédh boldface’lrrelevant EFA loadings with no values >.30 inadle groups (loadings <.15)
were excluded. Retained factor loadings and famimelations were used as fixed coefficients fer @FA models’Algebraic sign was reversed because

higher values mean higher performance.
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Table 4.

Differences in Motor Performance between Compet&entre (CC) Players and Youth Academy (YA) PsafEet4 to T17, respectively, Autumn 2010 to S2DitR):

Means, T-te$twith Effect Size Cohen’s d, Percentile Rank (FRJiean YA Player Performance Among CC Players.

Uiz uU13 ui4 ui5
Autumn Spring Autumn Spring Autumn Spring Autum Spring
M1SD (CC) 42.38 £2.08 43.39+2.1 43.94+2.09 447508 45.27+2.08 45.89+2.08 46.39+2.14 46.2814
MiSD (YA) 43.85+2.34 4468+201 4556+2.19 46.28.35 46.7 £ 2.05 47.18+2.14 48.02+2.08 48.2808
Score t 9.51** 7.83** 12.13* 9.22%* 9.84** 8.06** 10.48** 6.16**
df 246.72 7,346 6,277 5,972 4,071 3,582 2,480 2,135
d 0.7 0.61 0.76 0.72 0.68 0.62 0.75 0.51
PRcc(Mva) 76.66 72.57 78.61 76.44 75.48 73.39 77.28 70.24
MiSD (CC) 3.69+0.18 3.65+0.17 3.59+0.17 3.55#0.1 3.46+0.17 3.42+0.18 3.34+£0.17 3.29+0.17
M1SD (YA) 3.66+0.17 3.58+0.15 3.54+0.16 3.47+9.1 3.41+0.16 3.33+0.14 3.31+0.16 3.23+0.14
Sprint t 3.83** 8.40** 6.64** 9.73** 6.85** 11.10* 4.27% 7.50%*
df 8,556 423.57 6,985 453.5% 551.43 524.64 2,996 550.28
d 0.2 0.41 0.32 0.45 0.32 0.49 0.23 0.37
PRcc(Mva) 56.73 65.09 61.25 67.92 62.42 69.23 57.39 62.13
M1SD (CC) 8.5+0.44 8.38 +0.43 8.31+0.42 8.23+0.41 8.18+0.4 8.13+0.39 8.08 +0.41 8.05+0.4
M1SD (YA) 8.32+0.44 8.19+04 8.11+0.39 8.01+0.37 7.95+0.36 7.91+0.38 7.88+0.4 7.87 +£0.38
Agilty t 8.20** 8.69** 9.47** 11.08** 11.47* 10.42** 9.33** 7.90%*
df 8,499 421.61 6,951 436.12 4,664 4,117 2,987 2,559
d 0.42 0.43 0.46 0.54 0.57 0.55 0.49 0.45
PRcc(Mva) 63.77 64.3 65.92 68.72 70.86 70.41 68.2 65.35
M1SD (CC) 1161+1 11.28+£0.9 11.12+0.87 10.91£0.810.78+0.78 10.68+0.76 10.63+0.81 10.540.7
MiSD (YA) 10.94+0.88 10.65+0.74 10.47+0.75 10.30.81 10.31+0.77 10.16+0.73 10.13+0.68 1@0764
Dribbling t 14,94 15.99* 17.42* 14.15* 12.14%* 12.78** 1318** 11.44*
df 449.6F 434.50 521.69 427.56 4,652 4,099 572.66 508.22
d 0.67 0.7 0.74 0.73 0.6 0.67 0.62 0.59
PRcc(Mva) 74.21 75.98 78.38 78.25 71.94 75.46 71.64 70.9
Ball control MiSD(CC) 1158+1.71 10.83+152 10.66+1.49 10.1436 10.06+1.37 9.66 + 1.26 9.69+1.33 9.32201
M1SD (YA) 10.68+1.64 10.14+1.4 9.66 + 1.25 9.4325. 9.23+1.22 9.1+1.32 8.82+1.08 8.84+1.17
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t 10.12** 8.51* 16.00** 10.59** 13.20** 8.16** 14.31* 6.58**

df 8,404 8,029 521.70 424.53 542.19 4,079 574.05 2,517

d 0.52 0.45 0.67 0.52 0.6 0.44 0.66 0.38
PRcc(Mya) 67.07 63.89 74.27 67.67 71.45 64.01 73.82 60.43

M+SD (CC) 17.1+£3.63 16.7 £+ 3.79 16.28 + 3.84 15.9893. 15.82+3.99 1545+ 3.9 1526 +4.01  14.98973.
M+SD (YA) 16.12+3.63 16.05+357 1595+3.48 15.03.68 1525+3.72 15.13+3.94 13.89+4.01 144401

Shooting t 4,16% 2.25 1.38 2,78 2.14 1.13 4,89* 1,70%
df 8,291 7,878 6,753 6,477 4,418 3,960 2,756 2,419
d 0.27 0.17 0.09 0.21 0.14 0.08 0.34 0.14
PRec(Mva) 58.73 54.75 59.76 55.64 54.89 51.55 67.39 55.24
MiSD(CC) 1.32+176  194+24  254+299  3.190+354381+3.96 4.66+454 512+475 592+524
M#SD (YA) 3.03+39  356+38  3.93+406 585%505 6.02+502 7.42+554 7.71+568  8.78+6.17
Juggling t 7.66% 7.65% 6.22% 9.44% 7.72% 8.65* 7.47% 759+
df 311.82 338.24 353.08 346.23 349.74 356.59 335.77 352.5¢
d 0.9 0.65 0.46 0.72 0.54 0.59 0.53 0.53
PRoc(Mva) 92.43 85.88 77.97 83.25 81.93 79.38 75.01 77.08

Note. The algebraic sign of Cohen’s d was inverted faygling and Score because higher points mean hjggréormances?Variances not homogeniou®elevant devia-
tions from normal distribution for the t-tests wetenied by repeating each test with the non-pardriiann-Whitney-U-Test, which confirmed all infertéal test results.

**highly significant (P<.01/8), *significant (P<.08), o Bonferroni-adjustiert with k=8.
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Table 5.

Reference Values for the Result€ofnpetence Centre (CC) Players and Youth Academy Player$ Including All 17 Measurement Points Separatedtier
Age Groups U12 to U15 in the Autumn and Spring Basgics (Upper Limits Representing Percentile R@) 70 and Lower Limits for PR30 are used to
Categorise Players as Category A (Above-averagéoPeance), B (Average Performance) or C (Below-agerPerformance)).

U1z uU13 ui4 U15
Autumn Spring Autumn Spring Autumn Spring Autumn Spring

CC

Score
[PR30; PR70]
Sprint
[PR30; PR70]
Agility
[PR30; PR70]

Dribbling
[PR30; PR70]

Ball Control
[PR30; PR70]

Shooting
[PR30; PR70]

Juggling
[PR30; PR70]

[41.05; 43.16] [41.96; 44.09] [42.60; 44.77] [43.25; 45.42] [43.93; 46.07] [44.48; 46.61] [44.99; 47.22] [45.50; 47.72)]
(n=30,662)  (n=32,435)  (n=25,316) (n=27,298) (n=6B3)0 (n=16,768  (n=10,621)  (n=10,443)

[3.78;3.60] [3.73;3.56] [3.68;3.50] [3.64;3.47] [3.56;3.38] [3.51;3.32] [3.43;3.25] [3.38; 3]20
(n=33,997)  (n=35,677) (n=27,740) (n=30,159) (n=88)7 (n=18,811) (n=11,872) (n=11,893)

[8.73;8.28] [8.60;8.17] [8.52;8.09] [8.45;8.02] [8.38;7.97] [8.32;7.92] [8.28;7.87] [8.22; 7]83
(n=33,767)  (n=35,586)  (n=27,639) (n=30,107) (n=28)7 (n=18,770) (n=11,826)  (n=11,864)

[12.09; 11.15] [11.75; 10.90] [11.55; 10.72] [11.35; 10.57] [11.17; 10.42] [11.06; 10.33] [10.97; 10.23] [10.89; 10.18]
(n=33,842)  (n=35,562) (n=27,623) (n=30,067) (n=I8)6 (n=18,708)  (n=11,801) (n=11,816)

[12.41; 10.74] [11.67; 10.16] [11.40; 9.95] [10.97;9.59] [10.75;9.41] [10.4118] [10.30;9.02] [10.11;8.85]
(n=33,087)  (n=34,979)  (n=27,242)  (n=29,680) (n=28}4 (n=18,520) (n=11,645)  (n=11,660)

[20.00; 16.00] [19.00; 15.00] [19.00; 15.00] [19.00; 15.00] [19.00; 14.00] [18.00; 14.00] [18.00; 14.00] [18.00; 13.00]
(n=33,261)  (n=35,003)  (n=27,394) (n=29,664) (n=98)6 (n=18,749) (n=11,985)  (n=12,032)

[0.00;1.00]  [1.00;2.00] [1.00;3.00] [1.00;3.00] [1.00;4.00] [2.00;5.00] [2.00;6.00] [2.00; 7]00
(n=7,966) (n=7,457) (n=6,469) (n=6,060) (n=4,208) n=3,593) (n=2,582) (n=2,137)
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Score [42.32; 45.00] [43.64; 45.67] [44.20; 46.34] [44.84; 46.60] [45.53; 47.72] [46.13; 48.16] [46.48; 48.32] [46.52; 48.65]
[PR30; PR70] (n=302) (n=272) (n=408) (n=359) (n=365) (n=293) 280) (n=190)
Sprint [3.76;3.57] [3.68;3.51] [3.62;3.47] [3.57;3.41] [3.49;3.33] [3.44;3.27] [3.38;3.20] [3.31;3]17
[PR30; PR70]  (n=613) (n=650) (n=735) (n=743) (n=713) (n=684) €88) (n=550)
Agility [8.53;8.08] [8.36;7.94] [8.28;7.90] [8.20;7.83] [8.13;7.76] [8.12;7.78] [8.04;7.68] [8.08; 7]71
[PR30; PR70]  (n=608) (n=633) (n=732) (n=729) (n=714) (n=690) €83) (n=552)
Dribbling [11.34; 10.51] [10.92; 10.21] [10.82; 10.14] [10.56;9.97] [10.57;9.96] [10.44;9.84] [10.9388] [10.38;9.78]
YA [PR30; PR70] (n=610) (n=650) (n=728) (n=746) (n=708) (n=680) 7a8) (n=535)
Ball Control ~ [11.37;9.93] [10.66;9.44] [10.38;9.10] [9.9298] [9.79;8.64] [9.55;8.45] [9.43;8.40] [9.4128]
[PR30; PR70] (n=588) (n=640) (n=709) (n=718) (n=679) (n=644) 783) (n=523)
Shooting [19.00; 14.00] [19.00; 15.00] [18.00; 14.00] [19.00; 14.00] [18.00; 13.00] [17.00; 13.00] [17.00; 13.00] [17.00; 13.00]
[PR30; PR70]  (n=314) (n=287) (n=427) (n=375) (n=389) (n=327) 289) (n=207)
Juggling [1.00; 3.00] [1.00;3.00] [1.00;4.00] [2.00;7.00] [2.00;7.00] [3.00;8.00] [3.00;9.00] [4.00;10]0
[PR30; PR70]  (n=236) (n=218) (n=271) (n=249) (n=260) (n=211) 04) (n=200)

Note.For Juggling and Score, higher points indicate digierformance; for the other tests, lower timesséiconds) mean lower performané€ampetence
centre and youth academy players.

121



Figure 1

Description of the Six Single Motor Tests in thed®iagnostics (DFB, 2013
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Sprint

Start from step position
without any signal and
run through a 20m linear
courseasfast as
possible.

Agility / Dribbling
Startfrom step position
without any signal and
run through a slalom
courseasfast as
possible. (Concuct
withoutball for agility,
with ball for dribbling.)

Ball Control

Play six passesas fastas
possible alternately
azainst thetwo opposing
impact walls. (Passes
from the central passing
field with at least two
ball contacts. Timeis
measured from the first
passthrough the sixth
ball recerving with the
sole of thefoot.)
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Shooting

Shoottheball from the
shooting field primanly
into the coach-ordered
target field and
secondarily with high
speed. (Before shooting,
theballis get up into the
shooting field with one
contact. The coachrates
precsion and speed of §
(2 targets * 2 feet * 2
attempts) shots.)

Juggling

Juggle the ball
alternately and only with
theleft andright foot,
through ag many
subszections ofthe eight-
course as possible
without ground contact.
(The attemptis
terminatedin case of
ruleviolation or after 45
seconds. Successfully
paszed subsections
correspondto the
number of points.)
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Figure 2.

Stability of Motor Performance Results for Abmpetence Centrelayers (T1 to T17, respectly, Spring
2004 to Spring 2012). Correlations Between U12-Results anthe Results in the U-, U14- and U15-
Seasons
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Figure 3.

Measurement Model for the Confirmatory Factor Asaywith Two Correlated Latent Ftors, “Speed”
and “Technical Skills”, and Their Loadings on th&x Single Motor Tests for the Age Groups U12 to |

(Bu1z / Buiz / Buia / Buis) for Competence Centre (C Players(T14 to T17, respectively, Autumn 201(
Spring 2012 All Loadings Were tghly Significant (p<.01).
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Honer, O., & Votteler, A. (2016). Prognostic relaga of motor talent predictors in early ado-
lescence: A group- and individual-based evaluationsidering different levels of achievement
in youth football. This is the authors accepted nsanpt of an article published as the version of
record in Journal of Sports Sciences, 34, 2269-2Z#& original article is available at

http://www.tandfonline.com/doi/full/10.1080/0264012016.1177658. The manuscript is used

as part of this dissertation with the permissiof@flor & Francis.
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Abstract
In the debate about the usefulness of motor didmgsom the talent identification process, the
prognostic validity for tests conducted in earlpkedcence is of critical interest. Using a group-
and individual-based statistical approach, thisspeative cohort study evaluated a nationwide
assessment of speed abilities and technical skijarding its relevance for future achievement

levels.

The sample consisted of 22,843 Ul12-players belgntprthe top 4% in German football. The
Ul2-results in five tests served as predictorgfayers’ selection levels in U16-U19 (youth na-

tional team, regional association, youth acaderaysalected).

Group-mean differences proved the prognostic relesdor all predictors. Low individual selec-
tion probabilities demonstrated limited predictixadues, while excellent test results proved their
particular prognostic relevance. Players scoring¥Rhad a 12 times higher chance to become
youth internationals than players scoring PR<9f&nukiting increasing score cut-off values en-
hanced specificity (correctly identified non-tal®nbut also led to lower sensitivity (loss of tal-

ents).

Extending the current research, these differentagmhes revealed the ambiguity of the diagnos-
tics’ prognostic relevance, representing both tbefulness and several pitfalls of nationwide di-
agnostics. Therefore, the present diagnostics eppaost but not substitute for coaches’ subjec-

tive decisions for talent identification, and mdisciplinary designs are required.
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Introduction

Talent identification and development (TID) prograes must select talented individuals
from a large population of youth athletes who agerded to be potential future elite athletes
(Cobley, Schorer, & Baker, 2012). Particularly mpplar sports, this selection process is a huge
challenge because of the high participation ratethe relatively low ratio of athletes who will
be selected to play in top levels. Talent selecisocommonly conducted by experienced talent
coaches who rather subjectively evaluate youthguiypotential (Christensen, 2009). To sup-
port coaches’ decisions with additional objectin®rmation, several TID programmes have im-
plemented diagnostics that measure motor perforentaators (Unnithan, White, Georgiou, Iga,
& Drust, 2012).

From a scientific view, the diagnostics’ prognostadidity is of critical interest, and there is a
debate about whether such motor tests are useftihdéatalent identification process in practice
(Carling & Collins, 2014). Some researchers strpmglestion the predictive function of motor
tests for future success because of the complaxenaf performance in sports games and the
high inter-individual differences in players’ despment (Ronnie Lidor, C6té, & Hackfort,
2009; Pankhurst & Collins, 2013). Conversely, sdorgitudinal studies from different sports
games showed that motor performance tests canduetasdiscriminate between prospectively
successful and less successful players (Falk, Lidorder, & Lang, 2004; Gabbett, Georgieff, &
Domrow, 2007; R. Lidor et al., 2005; Till et alQ21). These studies measured general motor
abilities (e.g., speed, strength, and endurancejedsas sport-specific technical skills (e.g.,
dribbling, passing and throwing) to predict playdéusure success.

With regard to the here-addressed sport of fogtballeral studies proved that different motor
abilities as well as technical skills possess a&garprognostic relevance for players’ future per-
formance levels (Gonaus & Miller, 2012; HuijgenfelEihk-Gemser, Lemmink, & Visscher,
2014; Huijgen, Elferink-Gemser, Post, & Vissched0®; Le Gall, Carling, Williams, & Reilly,

2010). These studies usually examined the meaer€if€es in motor variables between groups
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of selected and non-selected players and prowgdedp-basednsights, which are important for
talent research and for the coaches’ knowledgetak@yvant talent factors. However, the group-
based perspective lacks information about the distigs’ prognostic relevance at timelividual
level Thisis particularly important for coaches (who must maklection decisions in individual
cases) and for sports associations (who might veaaptimise their TIDs concerning the selec-
tion rates for different developmental stages).

On an individual level, prognostic statements niugsprobabilistic (Ackerman, 2014), which
also means that fixed cut-off values in diagnostiusst not be applied deterministically to dis-
tinguish between talents and non-talents. Thergfbeestatistical information provided by talent
studies is a critical issue for the practical ralese of diagnostics. To our knowledge, there are
no scientific studies in football that analyse di@gnostics’ probabilistic potential to support the
predictions that coaches must make in their everydatines. Furthermore, even if the specifi-
cation of fixed cut-off values will always remaifusionary (Ronnie Lidor et al., 2009), there is
a need for information about the prognostic vajidit terms of sensitivity and specificity (pro-
portion of correctly selected talents and corredigelected non-talents) when sports associa-
tions intend to use diagnostic results as a suppdsdlent-screening tool.

Further critical issues in the debate of prognostiaity are thedevelopment phas&s which
the predictors are assessed and the level of peafure operationalized as the criterion. Roughly
categorizing the development phases into earlyld $ears), middle (15-17 years), and late ado-
lescence (18-21 years) (e.g., Greydanus & Bast@g)2tnost of the studies included prognostic
periods from middle adolescence to late adolesceneglulthood. Only a few studies have as-
sessed motor predictors in early adolescence toimhisate between selection levels (e.qg.
Figueiredo, Gongalves, Coelho e Silva, & MalinaQ2)) although systematic talent selection in
football starts at the age of 11 or 12 years (Hovetteler, Schmid, Schultz, & Roth, 2015; Hui-
jgen et al., 2014). Another problem is that théecion variables in talent studies are quite diffi-

cult to compare because of differgarformance levelbetween countries. Further, the achieved
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level is most often only roughly classified withdwvidely separated stages: “selected vs. non
selected” (Gonaus & Miiller, 2012) or “professiomeds amateurs” (Roescher, Elferink-Gemser,
Huijgen, & Visscher, 2010). Because coaches in pi@grammes must make more detailed de-
cisions between already highly selected elite agar-elite players, the motor predictors’ dis-

criminative power between slightly different highsslection levels in adolescence (e.g., youth
academy, regional association or youth nationahgas of particular interest.

As an extension to previous research, this studerea the sparsely examined middle-term
period from early adolescence to middle-to-latelegtence and distinguished four different se-
lection levels. Aiming at ecological validity andagtical relevance, the study was conducted
within the football TID programme led by the Gernfawotball Association (Deutscher Ful3ball-
Bund, DFB). To monitor the talents’ developmentdshen nationwide reference values, a motor
test battery (Lottermann, Laudenklos, & Friedrig@03) was implemented in all 366 DFB com-
petence centres. The tests in this nationwide sissad were designed pragmatically due to eco-
nomic constraints with a focus on the central aihthe TID programme in early adolescence,
i.e., the promotion of talented players’ speeditdsl (sprinting, agility) and technical skills
(dribbling, ball control, shooting) (Deutscher Fa}iBund, 2009).

The prognostic relevance of this motor test batteag evaluated within three objectives on a
group-based level (providing information on meaffedences) as well as on an individual-based
level (providing probabilistic information). Fromraean group-based perspective, we investi-
gated thaliagnostics’prognostic relevancér reaching different performance levels in maid|
to-late adolescence (l.). In addition, from a mprebabilistic perspective, we determined play-
ers’individual selection probabilitiefor reaching higher selection levels dependindghair di-
agnostic results in early adolescence (ll.), andjuantified the effect of fictive cut-off values in

terms ofdiagnosticsensitivity and specificitys a talent-screening tool (lI1.).
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Materials and Methods

Study Design and Sample

The DFB promotes 5,000 U12 players nationwide feomateur clubs at competence centres
(Schott, 2010). In middle-to-late adolescence (W1®), the players regarded as the most tal-
ented are selected in an elite promotion prografamthe youth academy, regional association,
or even youth national teams. Tipiospective cohort study desigrcluded motor test results in
the U12 age group (early adolescence) as prediataighe selection success in the age groups
U16-U19 (middle-to-late adolescence) as the cateriThe study samplevas composed of
22,843 U12 competence centre players from the 1993- birth cohorts who participated in the
nationwide diagnostics. The selected players b&ldng the top 4% of U12 players in Germany.
The U12 players were, on average, 148.5 (x 6.7})atihhweighed 38.0 (+ 5.7) kg and were 11.4
(x 0.3) years old. All players’ parents provideébimed consent for the recording and scientific
use of the data. The ethics department of the BaoctlEconomics and Social Sciences at the
University of TUbingen and the scientific boardtieé DFB approved the implementation of this
study.
Measures

The test battery was composed of five tests maagapeed abilities and football-specific
technical skills, such asprinting (time for a 20-m sprintlagility anddribbling (time in a slalom
course without and with a ballpall control (time for six passes against two opposing impact
walls), andshooting(8 shots at different target fields, each shotied by the coach with regard
to precision and speed). The results of these vefjatoded tests (less time and fewer points
indicated better performance) were combined insatipely codedscoreusing the formula
score=10,000*[(17.29*sprint)+(9.43*agility)+(4.11ribling)+(2.41*ball control)+shooting]

Thereby, the weighting factors displayed the rafidhe shooting test's standard deviations

with the corresponding test at the origin measurgmeint in 2004 (Lottermann et al., 2003).
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Honer et al. (2015) presented a detailed descnpgiothe single tests and a comprehensive
analysis of their psychometric properties. Therimae consistencies and test-retest reliabilities
over a 5-month period proved to be sufficient tog tdiagnostic scoren€.89 and ¢=.74) with
some weaknesses in single tests. In particularyahability of the shooting test was critical
(0=.41 and ¢=.31), whereas the sprint test exhibited the bggthpometric properties in terms of
reliability (¢=.95 and =.76). Regarding the concurrent validity, the madagnostics in the
relevant age group U12 revealed significant diffiees in motor performance between compe-
tence centre (CC) players and youth academy (Y&yepk in the score and in all single tests.

The criterion variable was operationalized as tighdst selection level the former U12 play-
ers reached four to seven years latethe U16-U19 age groups. Therefore, the DFB’sasqu
lists from 48 German youth academies, 21 regiossb@ations and the youth national teams in
the 2010/11, 2011/12 and 2012/13 seasons weresakafgr the players’ names and birth days.
With this procedure, those players from the Ul2@anwho reached a higher selection level in
middle-to-late adolescence in the German elite ptmn programme were identified. Each
player was allocated to the highest selection leéwat he reached in the U16-U19 groups. There-
fore, the former U12 players were assigned to thieviing group levelsyouth national team
(N=195; top 0.9% of players in the examined sampkgional associatior(N=731; top 1.0-
4.1%),youth academyN=1,025; top 4.2-8.5%), ambt further selecte@N=20,892; the remain-
ing 91.5% of the sample).

Statistical analysis

Analyses were performed using SPSS version 21. YWdhrd to the generptognostic rele-
vance(objective 1), we determined the significance aan differences between future selection
levels with one-way ANOVAs and subsequent post-hokey’s tests and classified the effect
sizes {2, Cohen’s d) according to Cohen (1988). Becaustomquerformance differences be-
tween selection levels may be affected by diffeesniscetween cohorts (Elferink-Gemser, Hui-

jgen, Coelho e Silva, Lemmink, & Visscher, 2012)rorelative age (Carling, le Gall, Reilly, &
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Williams, 2009; Votteler & Honer, 2014), the influee of these variables on the diagnostic score
was analysed with two-way ANOVAs (selection levdbirh year, and selection level x quarter
of birth, respectively). Both variables, the coh(@fto; 19626)=1.01, p=.44) and the quarter of
birth (Ro; 10,620=0.89, p=.54), did not show any significant intgi@ans with the selection level
regarding the score. Thus, they were not furthesitiered as confounder variables.

The following objectives were assessed using tbeeséVe conducted a multinomial logistic
regression for determiningdividual selection probabilitiegobjective II) for all higher selection
levels on the basis of a player’s U12 score. Theralymodel fit was examined with the likeli-
hood ratio chi-squared test. The score’s regressiefficients as well as the odds ratiésaad
their 95% confidence intervals were calculated weference to the selection level “not se-
lected”. The regression coefficients were then usezhlculate the statistical selection probabili-
ties for reaching higher selection levels.

Because pseudo r-squared statistics often undeagstithe relevance of predictors (Hosmer,
Lemeshow, & Sturdivant, 2013), we determined a mag: effect size on the basis of a di-
chotomised score. Therefore, we first transfornteddcore results into percentile ranks (PRS).
Then, we chose the 99, 90 and 50 PRs as threshhldsyto dummy code the score (for exam-
ple, PR99 distinguishes between the best 1% anddngt 99% of performances in the diagnos-
tics). The thresholds were orientated on the selecttes within the sample for youth national
team players<1%; see table 1) and for selected players in ge(el@%) as well as on the cen-
troid of the results’ distribution of the U12 diaggtics (=50%). Finally, we calculated the odds
ratios (relative chances) for being selected indieido-late adolescence between group 1 (play-
ers with better score results than the chosenlbl@s) in comparison to group 0 (players with
worse results).

To analyse theensitivity and specificitfobjective Ill), we fictively categorised players as
“talented” or “not talented” based on the U12 diasfits. Therefore, we used varying cut-off

score values (PR10, PR20, PR30, and so on) andocested players with a score beneath these
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cut-off values as non-talented, whereas playerk wiscore better than this cut-off value were
categorised as talented (with regard to each setetgvel). Afterwards, the player’s category
was compared with their future selection succestetermine the proportion of correctly identi-
fied talents and non-talents in terms of the diagoosensitivity and specificity (Altman &

Bland, 1994).

Results
Prognostic relevance of the motor tests (objectivi¢
Table 1 shows the mean results in the U12 diagreo&ir players reaching different selection
levels in middle-to-late adolescence. All motorighles significantly discriminated between se-
lection levels (p<.01). The level effect was snalmedium for the scorei3=.03) and small for

the single tests (.842%<.02).

*+Table 1++*

The results of the post-hoc tests (Figure 1) shathatiplayers who were selected in middle-
to-late adolescence achieved significantly betefgomances than the non-selected players in
all motor tests in U12. The largest differencesemeund for all motor variables between youth
national and non-selected players with medium tgelffect sizes (.3@<.90). The effect sizes
distinguishing between players selected for rediasaociations or youth academies and non-

selected players were smaller &B4.62 and .19d<.52, respectively).

***Figu re 1x**
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Within the selected players, the score and thedspests were sensitive enough to discrimi-
nate significantly between the highest level argl dther selected levels. Youth national team
players had significantly better results than reglassociation and youth academy players with
low to medium effect sizes in the variables scake 49 and d=.38, respectively), sprint (d=.36,
and d=.31, respectively), and agility (d=.23, amd2@, respectively). Further, youth national
team players achieved significantly better restiies youth academy players but not than re-
gional association players in ball control (d=.3D0e differences between the regional associa-
tion and youth academy levels were small. Theyndilreach significance except for ball con-
trol (d=.21) and shooting (d=.09), in which regibassociation players achieved better perform-
ance.

The sequence of variables’ discriminating poweretheled in part on the specific selection
level. The most discriminating motor variables bstw selected and non-selected players were
the score (.52d<.90), followed by sprint, dribbling and ball cont(038<d<.67, .4%d<.64, and
.32<0d<.59, respectively). The smallest differences werendl for shooting (.181<.30). On the
highest level, the score and the sprint test disoated most between youth national players and
the other selected players (<2&.38, and .3%d<.36, respectively). Remarkably, the sprint test
discriminated better than the score between thieelsigselection levels. However, the difference
between the two effect sizes failed to reach sicgmice (the 95% confidence interval for the ef-
fect size ranged from 0.12 to 0.46 for the score).

Individual selection probabilities based on the dignostics (objective 1)

Including the U12 score results in a logistic regren model to predict players’ selection lev-
els led to a significantly better model fit comphte the null model$#=582.19, df=3, p<.01).
The logistic regression coefficients and the edithaselection probability values at the score
thresholds are shown in Table 2. Tdu#s ratios €from the logistic regression model indicated

that a one standard deviation (§=2.07) higher score increased the chance of balegted
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by a factor of 1.69 (=(3°=1.2%°% for youth academies, by 1.89 (=128§ for regional asso-
ciations and by 2.51 (=1.58) for the youth national teams. The correspondii% @onfidence

intervals proved that thée significantly differed among each other.

s+Table 2+

*rEigure 2***

The curves of the individuaelection probabilitiesare displayed for each selection level in
Figure 2. The selection probabilities were higlarldbwer selection levels. For example, with a
medium test result in the score (PR=50), the estichprobabilities (1% for youth national team,
3% for regional association, and 4% for youth aoagenere more or less equal to the actual se-
lection rates for each selection level in the exadisample. Demonstrating the prognostic va-
lidity, the selection probabilities increased wiiigher test results in the score, but not in alpara
lel manner for the selection levels, due to thaificantly different & For youth academies and
regional associations, the increase rate was ratietl and constant until the median results
were reached (PR50). Afterwards, the selection gbibities noticeably increased for players
with very good score results (PR90), up to 7% &g &spectively, and again for players with
outstanding score results (PR99), up to 12% and, 1d8pectively. In comparison, the curve for
youth national teams showed nearly no increasedstvwwoor and medium diagnostic results.
Whereas the selection probability for players’ witry good scores (PR90) was only slightly
higher than for players with medium results (PR&9% vs. 1%), the selection probabilities con-

siderably increased up to 6% for players with @nding scores (PR99).

The odds ratios ORx presented in Table 2 indicated the relative chawradebeing selected

between the dummy coded score groups. The highestw@re found in the youth national team
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level. The regional association and youth acadexams had similar ORs. The @B+4.53 was
quite similar to ORrs¢=5.3 for the youth national team, whereas the PlR@&Xhold led to a dis-
tinctly higher OR. Hence, a U12 player with a sceatue PR99 had an ORkes=12.19 times
higher odds of becoming a youth national team plélyan a U12 player who scored PR<99.
With regard to the youth academy or regional asgici level, the odds ratios only slightly in-
creased from a threshold of PR50 QR&=2.21 and ORgrs7~2.82, respectively) to PR99

(ORprog=4.02 and ORrgs=3.74, respectively).

Diagnostic sensitivity and specificity (objectivell)

The results for the sensitivity and specificitydirie 3) demonstrated that higher cut-off val-
ues lead to a higher rate of correctly identifiesh+talents liigher specificity but simultaneously
to a higher rate of not correctly identified takeifower sensitivity. For example, a fictive cut-
off of PR=30 would cut off 31.0% of the playersttiweould not be selected for the youth na-
tional team in the future. However, this would fdesu 10.1% of the future youth national team
players being cut off as well. The figure also shdhat despite equal specificity, the sensitivity
for the youth national team was higher comparetthéoregional association and youth academy
teams, especially at the cut-off values of PR4@RY0. Another particularity was that even at
the marginal PR categories, not all players wemecdy identified as talents or non-talents.
When using the score’s PR10 as a cut-off valuegkample, 1.1% of the future youth national
team playersN=2) would not be identified as talented. Similar®7% of players N=134)
would be incorrectly classified as talented wheimgishe score’s PR99 as the cut-off value, al-

though they were not selected in later adolescence.

***Ejgure 3***
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Discussion

Conducted within a nationwide talent developmengpmme, this study addressed the con-
troversial debate regarding the “real-world utiiyd possible pitfalls” (Carling & Collins, 2014,
p. 1207) of motor diagnostics providing nationwidderence values in elite youth football.
Compared to former studies in this field (Meylampn, Oliver, & Hughes, 2010), this study
benefitted from a large sample size, enabling défie statistical approaches with nationwide
representative results. Thereby, the highest salegtoup on the youth national level was large
enough to detect even small effect sizes and taigeaeliable estimations for individual selec-
tion probabilities or diagnostic sensitivity.

Furthermore, the study provided new insight coniogrithe sparsely examined middle-term
prediction period between the beginning of syst@malent selection (early adolescence) and
the three highest levels of youth development imn@a@ football (middle-to-late adolescence).
Thereby, this prediction period might be regardedadimitation of this study because some
studies questioned juvenile success as an appt@riedictor for success in adulthood (Gullich
& Emrich, 2014). However, being selected for thaithoacademies in middle-to-late adoles-
cence seems to be strongly associated with suatestulthood in German football, as nearly
90% of players in the first and second German geidmal leagues played at least one season
for a youth academy (Gullich, 2014).

For further interpretation of the results, it mbstconsidered that in studies with already se-
lected samples, the variance in the investigatedigtor and criterion variables is limited (“re-
striction of range of talent”; Ackerman (2014, @)1 This diminishes the expectable statistical
correlation between predictor and criterion. Thaifferences in the calculated prognostic rele-
vance in empirical studies may be associated wiyséematic variation of the selection level of
the original study sample as well as with differeha the selection rates of the successful play-
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ers within the sample. The present study examitreddy selected players belonging to the top
4% of Germany’s U12 players. Only 8.5% of the ptayfeom this U12 sample were selected for
higher selection levels in middle-to-late adoleseer\chieving at least the youth academy level,
these “successful” players of this study belongdtber with other youth players educated in the
youth academies already in early adolescence)aaadyth 1% of Germany youth players in mid-

dle-to-late adolescence (Schott, 2010).

At this high level, the motor score proved to begmostically valid in discriminating between
group mean®f future selected and non-selected players witdiom to high effect sizes and in
accordance with the order of selection levels (A=d5.62, and d=.90). At an even higher level,
the score significantly differentiated between fil@ire youth national team (top 0.9% of the ex-
amined sample) and the regional association (t0pt1.%) as well as youth academy players
(top 4.2-8.5%) with small effect sizes (d=.29 re#p.38). This means that the motor diagnostics
assessed in a real-world setting are sensitivegintiudiscriminate between subgroups on a no-
tably higher level over a mid-term prognostic pdrio

However, the score did not discriminate signifitaibetween regional association and youth
academy levels. This might be a limitation of cwdy in that both levels are not distinct enough
in practice. On the one side, based on our catejan of the players, it can be assumed that the
performance level in the regional association ghéar than in youth academy teams. This is also
underlined by the score results’ mean values aaditmificantly different odds ratios in the lo-
gistic regression. Nevertheless, the performaneel lef regional associations as well as the
number and quality of youth academies within eadoeaiation differs considerably across Ger-
many. Therefore, in a few cases, the order of pedoce levels may actually reverse, compar-
ing players from small regional associations wiblith academy players from larger regional as-
sociations who are not nominated for their assmeidbecause there were so many outstanding

talents in their (e.g., more populous) region.
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Compared to similar research, the effect sizestHerdiagnostic score were higher in this
study. The predictors in other studies often onsgminate with small to medium effect sizes
between two levels of “selected” vs. “non-seleqiad/ers” (Gonaus & Mdller, 2012; Huijgen et
al., 2014), or did not clearly discriminate betwekffierent levels of selected players (Figueiredo
et al., 2009; Le Gall et al., 2010). Amongst othénese deviating results may be explained by
the fact that these studies used either more higgllgcted players from youth academies (e.g.,
best 0.5% of players nationwide, Huijgen et al.180or non-selected players from amateur
clubs (Figueiredo et al., 2009). Additionally, thelection rates from the examined samples into
the higher future selection levels were considgraiher in other studies examining the selec-
tion rates of youth academy players into professiteagues (41-44%) (Huijgen et al., 2009; Le
Gall et al., 2010) than in the present study (8.5%)

Additionally, thesequence of the single tests’ discriminative powgerms to be rather sam-
ple- and design-specific. Even within the presémtlygs sample, the order of effect sizes varied
between different selection levels. This is in limi¢h the assumption that an increased homoge-
neity in some motor characteristics in already el players may be responsible for a change
in discriminating factors on higher selection levéBaker, Schorer, & Cobley, 2012). Overall,
the sprint, ball control and dribbling tests ha& tnghest discriminative power on average.
However, despite their average lower effect siball,control and shooting were the only tests to
discriminate between the regional association amdhyacademy players. Furthermore, the low
effect sizes for the shooting test do not necdgsianply that the shooting skill is not a talent
predictor because the motor characteristics’ pretia@alidity also depends on their reliable as-
sessment. For complex characteristics, reliablessssent is a huge challenge due to economic
constraints in nationwide conducted diagnosfldge shooting test used in the German TID suf-
fers low reliability (Honer et al., 2015), which shaimilarly been reported for other shooting
tests in which the accuracy and speed of multiptgsswith a rolling ball and alternating feet

have been considered (Ali, 2011). In addition te thfluence of psychometric properties, the
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discriminative power of motor tests also variesasein different development stages (Gil, Ruiz,
Irazusta, Gil, & Irazusta, 2007; Vaeyens et alQ&0 This may be explained by differences in
the motor characteristics’ timing and tempo of depment. For example, development in
sprinting might be faster compared to dribbling nmddle adolescence (Huijgen, Elferink-
Gemser, Post, & Visscher, 2010).

Overall, meaningful comparisons of diagnostics’gqmastic relevance require similar research
designs that consider the selection rates intovétidn the examined samples, the players’ de-
velopmental stage, and the tests’ reliabilitiese @iscriminative power of talent diagnostics and
single tests must therefore be considered as rafiemific for each TID programme. Because
other sports deviate regarding the demand profiéssilts from prospective studies in other sport
games (e.g., Gabbett et al., 2007) provide compamsbights for football talent research only on
a general level (e.g., recommendations for focgseimlong-term development and on longitu-
dinal designs), but not for specific details, sastthe magnitude of predictors’ effect sizes.

The established group-based analysis performediwg@itoving the general prognostic rele-
vance of the motor test battery in this study. Hesveit must be questioned whether such diag-
nostics are sensitive enough to discriminate atelyrdbetween similar performing groups of
highly selected players or even to predict thectiele success of individuals (Carling & Collins,
2014; Meylan et al., 2010). The present study weyond the commonly used group-based
analysis and used the large dataset for a nmoligidual and probabilistic analysisf the diag-
nostic score, i.e., the variable with the largditot sizes. The analysis of the individual selec-
tion probabilities for reaching higher selectiomndks in middle-to-late adolescence demonstrated
increased selection probabilities for higher somkies. For a score performance that was one
standard deviation better, the odds of being sedettcreased by a factor of 1.69 to 2.51, de-
pending on the examined selection level. Neversiselespecially for the youth national teams,
the selection probabilities for high score valuesranstill relatively low. Although this can be

explained by the low average selection rate and nudynecessarily indicate a low prognostic
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validity of the diagnostics (Ackerman, 2014), thmakes the task of searching for future national
team players similar to searching for a needle hiaystack. Noticeably, the probability curve in-
creased more rapidly for higher score values. Tthes,odds ratios for being selected for the
youth national teams were particularly high if tbleosen threshold was high (e.g., players
achieving a score with a PB9 had a 12 times higher chance than players wsitoee PR<99).

In addition to the demonstrated general prognastievance, these results proved the diagnos-
tics’ particular prognostic relevance for top-levetults.

The diagnostics’ prognostic power to distinguishwgen the youth national team players and
the other selection levels is of particular intéfes the identification of highly talented players
Another aspect is the regulation of selection réabesptimise the distribution of available re-
sources (training opportunities, and coaches)aamibst talented players (Vaeyens, Lenoir, Wil-
liams, & Philippaerts, 2008). Sports associatiomghtnattempt to improve the efficiency of their
TID programmes by reducing the number of suppaptaglers. Thesensitivity and specificitgf
a fictive screening toalith simulated cut-off values provide furthempirical information for
optimising a TID programme in this sense. For exemgsing the score’s PR50 as a fictive cut-
off value would lead to a loss of less than 17%heflater youth national team players. Initially,
this loss seems to be small compared to savindpstantial amount of promotion resources that
might be used for a more intensive promotion of tr@aining players. However, halving the
number of promoted players would not directly leachalf the costs for the TID. Thus, using
cut-off values for the diagnostics investigatedhis study would still lead to a relevant loss of
talent.

In summary, the statistical approaches in thisystugested that the answer to the funda-
mental question regarding the real-world usefulrdssotor diagnostics in TID programmes is
between a clear “yes” or “no.” The results dematstt that the motor test battery in the German
TID provides coaches and associations with additidmowledge about empirically well-

founded talent predictors discriminating even tlghést future achievement levels (objective 1).
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However, the results for objectives 2 and 3 shoaled that this prediction works even for the
score, i.e., the predictor with the highest progicolevance, only to a certain extent. These
analyses provided further evidence that the mastst sensitivity is still insufficient for a de-
terministic use for individual selection decisiargd that fixed cut-off values for talent-screening
purposes remain illusionary (Lidor, C6té, & HackfoR009). Therefore, on the side of the
coaches, motor diagnostics can support selectioisidas not as deterministic but as probabilis-
tic information about players’ chances for futureess. On the side of the associations, the
study results underline the necessity for a brggutaach for talent development with multi-level
selections and well-educated coaches with a goahiéstive eye” for talent identification.
Furthermore, the motor diagnostics in the Germdn dile able to provide nationwide refer-
ence values regarding the talents’ current statled@velopment in prognostic relevant abilities
and skills. Therefore, it is an advantage thatomatide standardised and reliable benchmarks are
available to coaches. However, the coaches mustuggt that benchmark profilings — collateral
to the presented limited diagnostics’ sensitivitalso present several pitfalls, as discussed by
Carling and Collins (2014). For example, the rafeeevalues do not consider the players’ ma-
turity status, and there is often a bias in motagaostics within the age groups (Votteler &
Honer, 2014). In addition, using standardized neatues bears the risk of producing player
“stereotypes”. This may be counterproductive (evéme profile is well constructed), as it is un-
desirable for football associations to develop etaywith the same profile. Furthermore, na-
tionwide large assessments suffer constraints degatest economy and therefore focus on per-
formance factors that are easy assessable. Morplewrdiagnostics that enable the assessment
of a wider range of multidimensional and more repreative characteristics are often not viable
for nationwide assessments. Therefore, coaches beusiformed that nationwide benchmark
profilings are useful for their practical work onfythey serve as an additional guiding regarding

their talents’ strengths and weaknesses and rostndard to sort out different types of players.
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Perspective

To reduce the uncertainty in the prediction of fatguccess, additional characteristics with
prognostic relevance should be assessed. Ther&favél, be necessary to extend the range of
examined player characteristics to include othetofs. For example, psychological characteris-
tics (Feichtinger & Honer, 2014; Macnamara & Cd|ire013; Zuber & Conzelmann, 2014),
more valid measures for analysing complex gameop®dnce (Unnithan et al., 2012) and dy-
namic aspects of predictors (Feichtinger & HoONn&12, Roescher et al., 2010; Till, Cobley, O
Hara, Cooke, & Chapman, 2014) are important chgélerfor future talent research. Talent re-
search in these directions may provide more radiginbgnostic statements or diagnostics with
higher sensitivities/specificities. This may sugpbe decisions of talent coaches or sports asso-
ciations, but it could never substitute for or deti@e decisions based on practical experience.
This seems to be a quite trivial statement becatifee natural uncertainty of prognosis in com-
plex circumstances. However, this study did not tirmterpret this statement as a “stop signal”
for future research on the prognostic power of desgics but as a great challenge for talent re-

search to go beyond group-mean analysis and tdifu#re uncertainty of the prognosis.
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Anhang 2

Table 1.
Sample Size and Descriptive Statistics for the Mb®r Diagnostics Separated by Players’ Selectierdl in Middle-to-Late Adolescence (U16-U19)

Achieved selection level
(selection rate within examined sample)

Youth Regional Youth Not

Performance  national team  association academy selected ANOVA
variables (N=195; (N=731, (N=1,025; (N=20,892;
top 0.9%) top 1.0-4.1%) top 4.2-8.5%) last 91.5%)
M £ SD(N) F n?
Score 43.70+2.08 43.11+2.03 4291+2.09 41.85%2.04 196.04 03
(points) (178) (655) (916) (17,889) ' '
Sprint 3.58£0.17 3.64 £0.17 3.63+£0.17 3.70+£0.18 97 50 01+
(s) (190) (710) (996) (20,130) ' '
Agility 8.35+0.43 8.45+0.43 8.44 +0.43 8.56 £ 0.46 44.17 01*
(s) (189) (706) (996) (20,002) ' '
Dribbling 11.18+0.87 11.38+0.88 11.38+0.91 11.84+1.03 129 92 02+
(s) (190) (706) (995) (20,003) ' '
Ball control 10.84+1.46 10.99+1.49 11.33+1.67 11.90+1.79 107.36 02
(s) (186) (699) (971) (19,476) ' '
Shooting 16.71 £ 4.10 16.76 = 3.80 1711 +£3.89 17.81 % 3.67 33.22 01**
(points) (188) (693) (978) (19,512) ' '

Note **p < .01. For different reasons (e.g., injurg)random group of players (8-14%) for each selad&wel did not complete the entire testing procedEor
the sprint, agility, dribbling, ball control andaiting tests, lower results indicate better peréomoes.
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Table 2.

Logistic Regression Coefficients, Estimated Selrd@robabilities and Odds Ratios (RBased on the Dummy-Coded Prediction Variable &&achoto-
mised at PR50 (=41.98 points), PR90 (=44.58 pojraajl PR99 (=46.73 points)

Logisti , -~ Estimated selection ORs for being selected
ogistic regression coefficients gy
Selection level probabilities (group 1 vs. group 0)
constant b eﬁ [95%'Cl] P (PR50) P (PR90) P (PRgg) ORPR5( ORPRQ( ORpRgg
Youth national team -23.71 0.45 1.56[1.45; 1.68] 0.01 0.02 0.06 5.35 453 12.19
Regional association -16.29 0.31 1.36[1.31;1.41] 0.03 0.07 0.12 2.82 3.22 3.74
Youth academies -13.84 0.26 1.29[1.25; 1.34] 0.04 0.08 0.14 2.21 2.53 4.02
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Figure 1.

Results of Post-Hoc Tukey’s Tests and Effect 8&dten’s d) for Differences Between the Selectmrels
Youth National Team (NT), Regional Association (RAuth Academy (YA) and Non-Selected (NS) (*p <
.05, **p < .01). For the sprint, agility, dribblingball control and shooting tests, lower resultdigate better
performance.
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Figure 2.

Selection Probabilities Obtained from Logistic Reggion for Reaching Different Selection Levels 16-U
U19 Depending on the U12 Score. The range of thelues displays the minimum (percentile rank PRO)
and maximum score results (PR100) in the sample.tfifesholds for the predictor variable score were
PR50=41.98 points, PR90=44.58 points and PR99=4p3diats.
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Figure 3.

Percentage of Correctly Identified Talents (Sewisitf and Correctly Identified Non-Talents (Speiifi) of
the Diagnostics as a Talent Screening-Instrumeot.the score’s general specificity, the proport@inon-
talented players (according to cut-off value scam@p compared with the proportion of players ongakec-
tion level “not selected” for all higher selectidavels. The specificity differences between thhdrigelec-
tion levels are marginal (<2%).
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