
S

O

E
a
p
E
u
l

A
A

a

A
S
b

c

y

R

h
0
c

ARTICLE IN PRESSModele +
CISPO-3950; No. of Pages 12

Science & Sports xxx (xxxx) xxx—xxx

Disponible  en  ligne  sur

ScienceDirect
www.sciencedirect.com

RIGINAL ARTICLE

xploring  the  role  of  sex  and  maturation  in
 bio-banding  competition:  Insights  into
re-competition  anxiety  in  youth  handball
xploration  du  rôle  du  sexe  et  de  la  maturité  biologique  dans
ne  compétition  en  fonction  de  l’âge  biologique  :  aperçu de
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Summary
Objective.  —  The  present  study  analysed  the  impact  of  biological  maturity  status  and  sex  on
pre-competitive  anxiety,  self-confidence  and  perception  in  young  handball  players  under  the
bio-banding  competition.
Equipment  and  methods.  —  The  sample  consisted  of  87  handball  players  (46  boys  and  41  girls)
aged 13—17  years.  Anthropometric  data  (height,  body  mass  and  self-reported  biological  parent’s
height) were  collected  to  calculate  maturity  level  using  the  percentage  of  predicted  adult  height
(Khamis-Roche  equation).  The  players  were  classified  as  early,  on-time  and  late  maturers  (Z-

score distribution).  Furthermore,  a  psychological  assessment  was  carried  out  using  a  validated
Spanish version  of  the  CSAI-2R  and  a  post-competition  perception  questionnaire.  Multivariate
analyses (MANOVA)  were  conducted  to  estimate  the  impact  of  sex  and  biological  maturity  status
on psychological  constructs  and  perception.
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Results.  —  Higher  cognitive  and  somatic  anxiety  levels  in  girls  (P  <  0.05,  both)  and  self-
confidence  in  boys  (P  <  0.001)  were  found.  Moreover,  higher  cognitive  anxiety  levels  were
identified  in  early  maturing  girls  than  in  on-time  maturing  girls  (P  <  0.05).  According  to  the
bio-banding  perception,  boys  showed  higher  understanding  (P  <  0.001)  and  enjoyment  (P  <  0.05)
levels. In  girls,  late  maturing  girls  showed  higher  enjoyment  levels  than  the  rest  of  the  coun-
terparts (P  <  0.05).  Furthermore,  enjoyment  and  self-confidence  were  positively  correlated
(P <  0.01).
Conclusions.  —  The  findings  suggest  that  bio-banding  may  offer  a  valuable  strategy  for  crea-
ting equitable  competitive  environments  by  aligning  challenges  with  players’  maturity  status.
Practical recommendations  include  tailoring  competitive  experiences,  addressing  psychological
needs —  particularly  in  female  athletes  —  and  fostering  safe  developmental  pathways.  These
insights provide  actionable  guidance  for  coaches  and  stakeholders  to  enhance  the  effectiveness
of talent  identification  and  development  programs.
© 2025  The  Author(s).  Published  by  Elsevier  Masson  SAS.  This  is  an  open  access  article  under
the CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Résumé
Objectif.  — La  présente  étude  a  analysé  l’impact  de  la  maturité  biologique  et  du  sexe  sur
l’anxiété pré-compétitive,  la  confiance  en  soi  et  la  perception  chez  les  jeunes  joueurs  de
handball dans  le  cadre  de  compétition  en  fonction  de  l’âge  biologique.
Matériel  et  méthodes.  — L’échantillon  était  composé  de  87  enfants  (46  garçons  et  41  filles)
âgés de  13  à  17  ans.  Les  données  anthropométriques  (taille,  taille  assise,  masse  corporelle  et
taille déclarée  du  parent  biologique)  ont  été  recueillies  pour  calculer  le  niveau  de  maturité
en utilisant  le  pourcentage  de  la  taille  adulte  prédite  (équation  de  Khamis-Roche),  en  classant
les joueurs  en  matures  précoces,  précoces  et  tardifs  (distribution  des  Z-scores).  En  outre,  une
évaluation  psychologique  a  été  effectuée  à  l’aide  d’une  version  espagnole  validée  du  CSAI-2R
et un  questionnaire  post-compétition  a  été  réalisé  pour  tester  la  perception  du  bio-banding
par les  joueurs.  Des  analyses  multivariées  (MANOVA)  ont  été  réalisées  pour  estimer  l’impact  du
sexe et  du  statut  de  maturité  biologique  sur  les  constructions  psychologiques  et  la  perception.
Résultats. — Les  résultats  ont  montré  des  niveaux  d’anxiété  cognitive  et  somatique  plus  éle-
vés chez  les  filles  (p  <  0,05,  dans  les  deux  cas)  et  une  plus  grande  confiance  en  soi  chez  les
garçons (p  <  0,001).  En  outre,  les  niveaux  d’anxiété  cognitive  étaient  plus  élevés  chez  les  filles
à maturation  précoce  que  chez  les  filles  à  maturation  tardive  (p  <  0,05).  Selon  la  perception
du bio-banding,  les  garçons  ont  montré  des  niveaux  de  compréhension  (p  <  0,001)  et  de  plaisir
(p <  0,05)  plus  élevés,  tandis  que  chez  les  filles,  les  filles  à  maturité  tardive  ont  montré  des
niveaux de  plaisir  plus  élevés  que  les  filles  à  maturité  tardive  et  précoce  (p  <  0,05).  En  outre,
le plaisir  et  la  confiance  en  soi  étaient  positivement  corrélés  (p  <  0,01).
Conclusions.  —  Les  résultats  suggèrent  que  le  bio-banding  peut  constituer  une  stratégie  pré-
cieuse pour  créer  des  environnements  compétitifs  équitables  en  alignant  les  défis  sur  le  niveau
de maturité  des  joueurs.  Les  recommandations  pratiques  incluent  l’adaptation  des  expériences
compétitives,  la  prise  en  compte  des  besoins  psychologiques  —  en  particulier  chez  les  athlètes
féminines  —  et  la  création  de  parcours  de  développement  sécurisés.  Ces  résultats  offrent  des
orientations  concrètes  aux  entraîneurs  et  aux  parties  prenantes  pour  améliorer  l’efficacité  des
programmes  d’identification  et  de  développement  des  joueurs.
© 2025  Les  Auteurs.  Publié  par  Elsevier  Masson  SAS.  Cet  article  est  publié  en  Open  Access  sous
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. Introduction

he  training  objective  is  one  of  the  main  actions  of  handball
lubs  within  talent  identification  and  development  pro-
rammes,  especially  between  the  ages  of  7—8  and  17—18  [1].
t  these  stages,  players  often  enjoy  a  wide  range  of  high-
uality  sporting  experiences  with  a  positive  impact  both  for
he  player  themselves  (e.g.,  increased  game  knowledge)  and
or  the  club  (e.g.,  gain  in  reputation)  [2].  Nevertheless,

uring  the  sports  transition  process,  certain  factors  may
lter  the  sporting  talent  development,  such  as  the  maturity
tatus  [3].  Specifically,  considering  the  common  practice  of

c
o
i
e

2

ativecommons.org/licenses/by-nc-nd/4.0/).

rouping  players  in  team  sports  (annual  or  biennial  cycles),
t  would  be  reasonable  to  suggest  the  existence  of  a  matu-
ational  differential  in  the  formative  categories,  or  in  other
ords,  the  coexistence  of  players  with  different  maturity

tatus  within  the  same  competition  category  [4,5].
Biological  maturation  is  defined  as  the  rate  of  progress

owards  adulthood,  which  is  based  on  three  constructs:  (i)
‘status’’,  referring  to  the  maturational  level  at  the  time
f  observation;  (ii)  ‘‘timing’’,  related  to  when  it  specifi-

ally  occurs;  and  (iii)  ‘‘tempo’’,  associated  with  the  rate
f  progress  towards  maturity  [6]. This  concept  has  become
ncreasingly  relevant  in  talent  development  systems  when
valuating  the  implications  that  it  could  have  on  the  player’s
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raining  process  [7].  Previous  scientific  literature  confirmed
iological  age  differentials  of  5  or  6  years  within  the  same
ge  group  [8],  as  well  as  significant  sex-related  differences
ssociated  with  the  time  they  experience  peak  height  velo-
ity  (PHV)  [9].  These  differences  in  maturity  can  result  in
neven  competition  categories.  Therefore,  it  seems  neces-
ary  to  reflect  on  how  these  situations  could  affect  young
layers  who  are  in  sensitive  stages  of  their  sporting  transi-
ion.

Individual  characteristics  related  to  the  maturation  pro-
ess  have  proven  to  be  critical  and  fundamental  for
rofessionals  and  stakeholders  involved  in  recruiting  young
alented  players  for  their  sports  organizations’  structures
10].  For  example,  Johnson,  Farooq  and  Whiteley  [11]  iden-
ified  that  early  maturers  were  more  likely  to  be  selected
n  elite  English  football  academies  as  they  got  older,  and
oreover,  these  players  tended  to  be  retained  in  the  sys-

em  about  20  times  more  than  on-time  and  late  maturers.
herefore,  this  evidence  suggests  a  formative  and/or  com-
etitive  inequality  resulting  from  the  differential  in  maturity
evel  that  could  endanger  the  balanced  development  of  the
layer,  both  in  those  considered  early  maturers  and  in  those
ermed  late  maturers  [7].

One  organizational  strategy  used  in  the  sports  context  to
educe  or  eliminate  maturational  inequality  is  the  grouping
f  young  players  by  maturational  bands,  which  is  referred
o  as  the  ‘‘bio-banding’’  [4].  This  format  aims  to  provide
n  experience  tailored  to  the  players’  maturational  level,
enerally  involving  them  in  three  levels  or  bands  (early,
n-time  and  late  maturers)  [5].  Bio-banding  has  been  par-
icularly  implemented  in  football  contexts  [12], examining
ts  impact  in  different  areas  associated  with  the  sports
alent  development,  such  as  technical-tactical,  psychoso-
ial,  and  physical-anthropometric  [13,14].  However,  this
rouping  strategy  is  beginning  to  be  used  in  other  team
ports  such  as  basketball  [15]  and  handball  [16].  Specifically,
io-banding  in  handball  could  become  a  grouping  method
hat  can  be  extrapolated  to  competition  in  order  to  (i)  equa-
ise  the  conditional  game  factor  due  to  a  high  number  of
hysical  contacts  [17]  and  (ii)  reduce  the  drop-out  rate  of
alented  players  who  are  required  to  face  challenges  misa-
igned  with  their  maturity  level  [18].  However,  scientific
vidence  on  bio-banding  in  handball  remains  limited,  leaving
oom  for  further  research  into  other  areas  of  performance
uring  formative  periods  in  sport,  such  as  game-specific
emands  assessed  through  inertial  devices.  However,  scien-
ific  evidence  on  bio-banding  in  handball  is  low,  allowing
esearch  into  other  areas  of  performance  in  sport  formative
eriods,  such  as  game-specific  demands  based  on  inertial
evices.  While  the  results  are  not  homogeneous,  players’
erceptions  about  the  implementation  of  this  grouping  stra-
egy  have  generally  been  positive  [19—21].

Considering  the  impact  of  maturation  on  the  player’s
ransition  process,  it  is  worth  questioning  whether  it  is  an
ndividual  factor  that  can  affect  an  athlete’s  psychological
esponses  to  stressful  stimuli,  such  as  competition  in  a  novel
ormat  (i.e.,  bio-banding).  In  this  conceptual  framework,
t  becomes  essential  to  incorporate  the  finding  that  more

ature  players  exhibit  a  more  adaptive  motivational  pro-
le,  with  more  affirmative  perceptions  about  their  physical

mage  and  higher  self-esteem  compared  to  their  less  mature
ounterparts  [4,20].  Thus,  it  is  presumed  that  athletes  who
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re  more  advanced  in  maturation  tend  to  perceive  a  bet-
er  motivational  climate,  which,  according  to  Gómez-López,
hicau,  Marques  da  Silva,  Granero-Gallegos  and  González-
ernández  [22], is  positively  associated  with  self-confidence
nd  inversely  with  cognitive  and  somatic  anxiety.  On  the
ther  hand,  relatively  older  athletes  typically  demonstrate
ore  advanced  cognitive  and  social  development,  allowing

hem  to  effectively  solve  problems  and  manage  the  social
ressures  inherent  in  sports  competitions,  assuming  leader-
hip  roles  (e.g.,  team  captain)  [23].  All  of  this  seems  to
e  a  limiting  factor  for  late  maturing  athletes  in  develo-
ing  the  necessary  psychosocial  skills  to  face  competition,
hose  absence  could  trigger  negative  impacts  based  on
nxiety  (i.e.,  decreased  competition  and  training  perfor-
ance,  increased  risk  of  injuries,  delay  and  obstruction  in

he  rehabilitation  period,  and  increased  risk  of  relapse  or
ecurrence)  [24].

Reflecting  on  the  implications  of  maturity  status  and  its
ossible  influence  on  athletes’  competition  perceptions  and
sychological  responses,  especially  in  stressful  contexts  such
s  competition,  crucial  questions  arise:  how  does  biolo-
ical  maturation  affect  athletes’  competition  perceptions
nd  psychological  responses  in  bio-banding  competitions?  Is
here  a  significant  interaction  between  maturity  status  and
ex  in  these  psychological  responses?  Although  studies  in
ports  such  as  football  have  explored  these  aspects  inde-
endently  [14], to  the  best  of  our  knowledge,  there  is  a
otable  lack  of  research  in  handball  that  includes  female
amples.  Therefore,  the  purpose  of  the  present  study  was
o  analyze  the  impact  of  the  biological  maturity  status  and
ex  on  the  pre-competitive  anxiety  levels  (cognitive  anxiety,
omatic  anxiety,  and  self-confidence)  and  on  the  percep-
ions  of  young  male  and  female  handball  players  about  the
io-banding  competition  format.

. Method

.1.  Sample

he  sample  consisted  of  87  handball  players  (boys,  n  =  46;
irls,  n  =  41)  belonging  to  the  age  groups  U-13  (n  =  30),  U-14
n  =  17),  U-15  (n  =  19),  U-16  (n  =  12),  and  U-17  (n  =  9)  from
he  youth  academy  of  a  top-level  Spanish  handball  club.
able  1  presents  the  main  anthropometric  characteristics
f  the  players  (height,  weight,  and  body  mass  index  [BMI]),
s  well  as  their  distribution  according  to  sex,  age  group,
nd  biological  maturity  status  (BMS).  The  inclusion  criteria
ere  having  been  trained  in  the  club’s  academies  or  associa-

ed  schools  for  at  least  6 years,  training  handball  regularly,
t  least  three  days  per  week,  participating  in  federated
ompetition,  not  having  suffered  or  having  a  limiting  injury
hat  could  bias  the  maturity  and/or  psychological  assess-
ent,  and  not  having  taken  any  medication  or  other  dietary

upplements  not  necessary.  The  athletes  participated  volun-
arily  in  the  study,  and  the  parents  and/or  legal  guardians  of
he  underage  players  were  duly  informed  through  informed
onsent  to  extract,  record,  and  use  the  data  derived  from

t.  The  project  and  the  scientific  use  of  the  data  were  appro-
ed  by  the  Ethics  Committee  of  the  Polytechnic  University  of
adrid  (2020-089;  2020-090;  2020-091)  in  compliance  with

he  Declaration  of  Helsinki.
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Table  1  Distribution  by  biological  maturity  status  (anthropometric  characteristics)  of  handball  players  according  to  sex  and
age group.

Sex  AG  BMS  Height
X  ±  SD

Weight
X  ±  SD

BMI
X  ±  SD

LM  (n)  OM  (n)  EM  (n)

B U-13  12  2  0  161.30  ±  8.88  58.91  ±  3.80  22.83  ±  2.91
U-14 5  7  0  167.40  ±  7.81  58.84  ±  2.45  21.10  ±  2.07
U-15 0  7  3  167.68  ±  8.54  58.08  ±  2.29  20.75  ±  1.61
U-16 0  0  10  171.06  ±  9.97  58.52  ±  5.53  20.07  ±  2.07

G U-13 13  3  0  159.40  ±  1.97  53.86  ±  3.02  21.18  ±  0.68
U-14 2  2  1  160.47  ±  3.27  55.53  ±  6.14  21.51  ±  1.45
U-15 0  5  4  159.99  ±  3.02  54.28  ±  4.33  21.17  ±  0.88
U-16 0  1  1  163.88  ±  8.66  58.80  ±  11.46  21.76  ±  1.96
U-17 1  0  8  162.68  ±  6.96  55.22  ±  6.27  20.85  ±  1.71
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B: boys; G: girls; AG: age group; U-13/U-17: under 13/under 17
maturers; EM: early maturers; BMI: body mass index.

.2.  Procedure

.2.1.  Anthropometric  evaluation
he  height  of  the  players  was  measured  with  a  stadiometer
ith  a  precision  of  0.1  cm  (SECA,  216,  Vogel  &  Halke,  Ham-
urg,  Germany).  Body  mass  was  measured  with  a  precision  of
.1  kg  on  a  digital  scale  (SECA,  876,  Vogel  &  Halke,  Hamburg,
ermany).  The  BMI  was  calculated  (kg/m2).  The  height  of
he  biological  parents  was  provided  in  centimetres  by  each
f  the  parents  and  was  subsequently  converted  to  inches  and
djusted  for  overestimation  using  the  equation  from  Epstein
t  al.  [25].  All  anthropometric  measurements  of  the  players
ere  taken  three  days  before  (on  25  February  2022)  the
io-banding  competition  to  ensure  the  conformation  of  the
aturity  bands.  The  assessment  was  performed  by  qualified
ersonnel  in  Physical  Activity  and  Sports  Sciences  (level  2)
ccording  to  the  International  Standards  for  Anthropometric
ssessment  (ISAK)  [26].

.2.2.  Biological  Maturity  Status  —  BMS
ll  anthropometric  data  were  used  to  calculate  the  biolo-
ical  maturity  status  based  on  the  predicted  adult  stature
f  the  players  using  a  regression  formula  validated  in  white
aucasian  children  [27].  Separate  equations  for  boys  and
irls  were  used  due  to  the  specific  developmental  diffe-
ences  of  each  sex,  assuming  absolute  average  deviations
f  2.2  cm  in  boys  and  1.7  cm  in  girls  between  the  current
eight  and  the  height  predicted  at  18  years.

The  estimated  biological  maturity  status  was  expressed
s  a  Z-score  relative  to  the  specific  age-reference  values
or  boys  and  girls,  using  the  percentage  of  the  predicted
dult  stature  achieved  at  the  time  of  measurement  and  the
pecific  half-yearly  means  and  standard  deviations  by  age
nd  sex  included  in  the  ‘‘Berkeley  Guidance’’  study  [28].
his  type  of  maturity  classification  has  shown  a  moderate
orrelation  with  other  maturational  classifications  based  on

keletal  age  in  both  males  and  females  [29].  Thus,  the  Z-
cores  were  used  to  classify  the  players  into  three  groups:
ate  (z  <  −0.5),  on-time  (−0.5  <  z  <  +0.5)  and  early  maturers
z  >  +0.5).  This  less  conservative  maturation  criterion  was

•
•
•
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S: biological maturity status; LM: late maturers; OM: on-time

mployed  with  the  aim  of  reducing  the  differences  derived
rom  growth  factors  with  a  direct  impact  on  the  biological
aturity  status  [30].

.2.3.  Bio-banding  competition
he  participants  competed  separately  on  28  February  2022
ccording  to  sex  (i.e.,  boys  and  girls)  in  two  different  for-
ats:  (i)  by  age  group;  and  (ii)  by  maturity  status.  In  the
rst  competition  format,  players  were  organized  into  the
wo  official  biennial  categories  corresponding  to  their  age
roup  (i.e.,  U-13/U-14  and  U-15/U-16):  The  U-17  players
n  =  9)  were  integrated  into  the  U-15/U-16  category  to  allow
or  a  minimum  number  of  players.  Three  teams  were  for-
ed  in  each  category,  with  a total  of  six  matches  being
layed  consecutively  (three  matches  per  category).  After

 30-minute  break  to  avoid  any  carryover  effects,  the  bio-
anding  competition  was  held.  Players  were  distributed  into
hree  maturational  bands  (i.e.,  late,  on-time,  and  early
aturers),  forming  two  teams  per  band,  with  two  matches
er  band  and  six  matches  in  total.

The  rules  were  the  same  in  the  age  group  competition  for
oth  boys  and  girls,  except  for  the  size  of  the  ball  (sizes  1
nd  2)  and  the  duration  of  the  matches  (30  and  25  minutes).
owever,  the  rules  in  the  bio-banding  competition  (dimen-
ions  of  the  court,  ball  size,  dimensions  of  the  goal,  and
uration  of  the  match)  were  adapted  for  each  maturational
evel  for  both  boys  and  girls  (see  Table  2).

.2.4.  Pre-competitive  anxiety  evaluation
he  psychological  assessment  conducted  was  of  the  ‘‘state’’
ype,  as  it  examined  the  temporary  psychological  response
f  players  to  a specific  event  [31].  The  instrument  used  to
valuate  pre-competitive  anxiety  was  the  Spanish-validated
ersion  of  the  CSAI-2R  (Revised  Competitive  State  Anxiety
nventory-2)  [32]. This  instrument,  originally  developed  by
ox  et  al.  [33], assesses  three  constructs:
 cognitive  anxiety  (CA);
 somatic  anxiety  (SA);
 self-confidence  (Sc).
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Table  2  Game  format  and  specific  regulations  by  age  group  and  biological  maturity  status.

GF  Specific  regulations  AG

U-13/U-14  U-15/U-16

7  vs.
7

Pitch  size  (m.)  40  ×  20  40  ×  20
Ball size  1  2
Goal size  (m.)  3  ×  2  3  ×  2
Match duration/rests  (min.) 25/5  30/5

GF Specific  regulations BMS

LM  OM  EM

7  vs.
7

Pitch  size  (m.)  20  ×  12  24  ×  14  28  ×  16
Ball size  1  1  2
Goal size  (m.)  3  ×  1.8  3  ×  1.8  3  ×  2
Match duration/rests  (min.)  12/5  15/5  18/5
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GF: game format; AG: age group; U-13/U-16: under 13/under 16
maturers; EM: early maturers.

The  anxiety  evaluation  was  conducted  before  the  start
f  the  competition,  after  all  players  had  received  informa-
ion  and  understood  the  implications  of  both  competition
ormats  (age  groups  and  bio-banding).

.2.5.  Competition  perception  evaluation
he  competition  perception  questionnaire  applied  after  the
io-banding  tournament  had  been  previously  used  in  other
tudies  [19,21].  The  questionnaire  consists  of  eight  per-
eption  questions  (PQ),  which  correspond  to  four  areas  of
xpression.  Specifically,  PQ1  and  PQ2  are  associated  with
he  overall  experience,  PQ3  and  PQ7  with  the  physical  chal-
enge,  PQ4  and  PQ6  with  the  psychosocial  challenge,  and
Q5  and  PQ8  with  the  technical-tactical  challenge.  Although
t  is  a  form  with  eight  double  questions  (quantitative  and
ualitative  response),  for  this  study,  only  the  numerical
nformation  was  considered,  with  each  question  being  rated
n  a  Likert  scale  (‘‘1’’:  not  at  all;  ‘‘2’’:  a  little;  ‘‘3’’:  some
spects;  ‘‘4’’:  most  aspects;  and,  ‘‘5’’:  completely).  The
uestionnaires,  via  Google  Forms,  were  completed  simul-
aneously  immediately  after  the  end  of  the  bio-banding
ompetition  (10—15  minutes)  using  a  QR  code  scanned  with
heir  electronic  devices.  The  names  of  the  players  were
nonymized  by  assigning  numbers  from  1  to  87.

.3.  Statistical  analysis

he  statistical  analysis  was  performed  using  SPSS  soft-
are  (version  26).  Descriptive  statistics  were  calculated

or  all  variables,  with  results  expressed  as  mean  ±  standard
eviation  (X  ±  SD).  To  evaluate  the  impact  of  biological
aturity  status  and  sex  on  the  psychological  variables  and

ompetition  perceptions,  a  two-factor  multivariate  ana-
ysis  of  variance  (MANOVA)  was  conducted.  This  method
llowed  for  the  examination  of  main  effects  and  poten-

ial  interactions  between  sex  and  biological  maturity  status
cross  the  dependent  variables.  Partial  eta  squared  (ŋp2)
as  calculated  to  determine  the  effect  size  for  each  fac-

or  and  interaction,  following  established  thresholds:  small

w
t
i
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S: biological maturity status; LM: late maturers; OM: on-time

ŋp2 <  0.01),  medium  (ŋp2 <  0.06),  and  large  (ŋp2 <  0.14)  [34].
o  further  explore  relationships  between  the  psychological
onstructs  (cognitive  anxiety,  somatic  anxiety,  and  self-
onfidence)  and  competition  perception  variables,  Pearson
orrelation  analyses  were  performed.  The  level  of  statistical
ignificance  was  set  at  P  ≤  0.05,  with  �  =  0.05.  The  choice  of
tatistical  methods,  including  MANOVA  and  Pearson  correla-
ions,  aligns  with  the  structure  of  the  dataset  and  the  study’s
xperimental  design.  While  alternative  approaches  could  be
onsidered,  these  analyses  provide  insights  consistent  with
he  objectives  of  the  research  and  the  nature  of  the  data.

. Results

ccording  to  biological  maturity  status,  34  late  (39.08%),
6  on-time  (29.89%),  and  27  early  maturers  (31.03%)  were
dentified.  With  regard  to  the  psychological  constructs
ssociated  with  pre-competition  anxiety,  the  descriptive
tatistics  of  the  cognitive  anxiety,  somatic  anxiety  and  self-
onfidence  (X  ±  SD)  in  relation  to  sex  and  biological  maturity
tatus  were  showed  in  Table  3.

Table  4  shows  the  impact  of  BMS  and  the  sex  of  the
layers  on  the  psychological  constructs  of  pre-competitive
nxiety.  With  regard  to  the  sex,  significant  effects  were
ound  on  cognitive  anxiety  (F  =  6.55;  P  =  0.012)  and  soma-
ic  anxiety  (F  =  6.07;  P  =  0.016)  with  moderate  effect
izes  (ŋp2 =  0.075  and  ŋp2 =  0.070,  respectively),  while  the
mpact  of  sex  on  self-confidence  had  a large  effect  size
F  =  15.38;  P  <  0.001;  ŋp2 =  0.160).  Specifically,  girls  repor-
ed  higher  levels  of  cognitive  anxiety  (12.29  ±  4.17)  and
omatic  anxiety  (14.41  ±  4.82)  than  boys  (10.26  ±  3.05;
2.02  ±  3.83,  respectively),  while  in  relation  to  self-
onfidence,  boys  (16.30  ±  2.52)  reported  higher  values  than
irls  (15.13  ±  3.23).  Conversely,  no  significant  differences

ere  found  in  any  of  the  psychological  constructs  in  rela-

ion  to  biological  maturity  status  (P  >  0.05).  Regarding  the
nteraction  of  sex  and  BMS,  a  significant  effect  was  observed
n  cognitive  anxiety  (F  =  4.31;  P  =  0.017;  ŋp2 =  0.096),  iden-
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Table  3  Descriptive  statistics  of  the  psychological  variables  of  pre-competition  anxiety  (X  ±  SD)  according  to  sex  and  biological
maturity status.

Sex  BMS  CA  SA  Sc

X  SD  n  X  SD  n  X  SD  n

B LM  9.78  2.63  18  11.50  2.60  18  16.50  2.07  18
OM 11.27  2.25  15  13.07  4.06  15  16.33  2.38  15
EM 9.77  4.17  13  11.54  4.91  13  16.00  3.32  13
Total 10.26 3.05  46  12.02  3.83  46  16.30  2.52  46

G LM 11.56  3.41  16  13.88  4.13  16  14.94  2.77  16
OM 10.45  2.77  11  12.45  4.57  11  13.64  3.04  11
EM 14.57  5.00  14  16.57  5.21  14  12.64  4.20  14
Total 12.29  4.17  41  14.41  4.82  41  13.80  3.45  41

Total LM 10.62  3.10  34  12.62  3.56  34  15.76  2.51  34
OM 10.92  2.47  26  12.81  4.21  26  15.19  2.95  26
EM 12.26  5.15  27  14.15  5.59  27  14.26  4.10  27
Total 11.22 3.74  87  13.15  4.46  87  15.13  3.23  87

B: boys; G: girls; BMS: biological maturity status; LM: late maturers; OM: on-time maturers; EM: early maturers; CA: cognitive anxiety;
SA: somatic anxiety; Sc: self-confidence.

Table  4  Differences  between  groups  with  regard  to  pre-competitive  anxiety  levels  (cognitive  anxiety,  somatic  anxiety  and
self-confidence)  according  to  sex  and  biological  maturity  status.

Variables  F  p  ŋp2 Direction  of  effects

BMS
Cognitive  anxiety  1.58  0.213  0.037  —
Somatic anxiety  0.93  0.401  0.022  —
Self-confidence  1.66  0.196  0.039  —

Sex
Cognitive anxiety 6.55  0.012  0.075  B  <  G
Somatic anxiety 6.07  0.016  0.070  B  <  G
Self-confidence  15.38  0.000  0.160  B  >  G

BMS ×  Sex
Cognitive  anxiety  4.31  0.017  0.096  EM  (G)  >  OM  (G)
Somatic anxiety  2.91  0.060  0.067  —
Self-confidence  0.71  0.495  0.017  —
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BMS: biological maturity status; B: boys; G: girls; EM: early matur

ifying  higher  levels  in  early  maturing  girls  (14.57  ±  5.00)
ompared  to  on-time  maturing  girls  (10.45  ±  2.77).

A  significant  effect  of  biological  maturity  status  on  cog-
itive  anxiety  was  found  in  girls  (F  =  3.91;  P  =  0.029),  with

 large  effect  size  (ŋp2 =  0.170).  Specifically,  early  maturing
emale  players  (14.57  ±  5.00)  reported  significantly  higher
ognitive  anxiety  levels  compared  to  those  in  the  on-time
aturity  group  (10.45  ±  2.77)  (Fig.  1).  No  significant  diffe-

ences  in  the  rest  of  the  psychological  variables  for  girls  were
ound  (P  >  0.05).  On  the  other  hand,  no  effect  of  biological
aturity  status  on  the  three  psychological  constructs  in  boys
as  observed  (P  >  0.05).

Regarding  the  competition  perception  questions  about
he  game  format  by  maturational  level,  Fig.  2(a—d)  shows

he  scores  obtained  (X  ±  SD)  through  the  questionnaire
ccording  to  sex  and  BMS.

t
w
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M: on-time maturers; LM: late maturers.

Table  5  shows  the  impact  of  biological  maturity  status  and
he  sex  of  the  players  on  each  of  the  responses  correspon-
ing  to  the  competition  perception  questions  on  bio-banding
ame  format.  With  regard  to  sex,  significant  effects  were
ound  on  the  responses  obtained  from  question  1  (F  =  36.58;

 <  0.001;  ŋp2 = 0.314)  and  question  2  (F  =  6.58;  P  =  0.012;
p2 =  0.076),  both  associated  with  the  overall  experience.
pecifically,  boys  reported  higher  levels  of  understanding
4.17  ±  0.93)  and  enjoyment  of  the  bio-banding  tournament
4.39  ±  0.80)  than  girls  (2.80  ±  1.11;  4.00  ±  0.88,  respecti-
ely).  Conversely,  no  significant  differences  were  found  in
ny  of  the  eight  competition  perception  questions  in  relation
o  BMS  (P  >  0.05).  In  relation  to  the  interaction  of  sex  and
MS,  a  significant  effect  was  observed  on  the  enjoyment  of

he  bio-banding  tournament  (F  =  4.87;  P  =  0.010;  ŋp2 =  0.109)
ith  higher  scores  in  late  maturing  girls  (4.50  ±  0.63)  than
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Figure  1  Cognitive  anxiety  levels  according  to  sex  and  biological  maturity  status.  Significance  level  is  indicated  by  the  number  of
symbols: one  symbol  (*)  for  P  <  0.05,  two  (**)  for  P  <  0.01,  and  three  (***)  for  P  <  0.001.  ‘‘a’’:  significant  differences  vs.  late  maturers
(LM); ‘‘b’’:  significant  differences  vs.  on-time  maturers  (OM);  ‘‘c’’:  significant  differences  vs.  early  maturers  (EM).

Table  5  Differences  between  groups  with  regard  to  competition  perception  questions  (PQ1—PQ8)  according  to  sex  and  biological
maturity status.

Factor  PQ  F  p  ŋp2 Direction  of  effects

BMS  PQ1  —  Understanding  0.80  0.452  0.020  —
PQ2 —  Enjoyment  1.62  0.204  0.039  —
PQ3 —  Injuries  0.36  0.702  0.009  —
PQ4 —  Leadership  0.16  0.851  0.004  —
PQ5 —  Participation  1.05  0.353  0.026  —
PQ6 —  Game  influence  0.01  0.992  0.000  —
PQ7 —  Physical  self-expression  0.16  0.855  0.004  —
PQ8 —  Technical  self-expression  0.65  0.523  0.016  —

Sex PQ1  —  Understanding  36.58  0.000  0.314  B  >  G
PQ2 —  Enjoyment  6.58  0.012  0.076  B  >  G
PQ3 —  Injuries  1.65  0.203  0.020  —
PQ4 —  Leadership  1.20  0.277  0.015  —
PQ5 —  Participation  0.15  0.696  0.002  —
PQ6 —  Game  influence  0.15  0.697  0.002  —
PQ7 —  Physical  self-expression  0.01  0.974  0.000  —
PQ8 —  Technical  self-expression  0.27  0.606  0.003  —

BMS ×  Sex  PQ1  —  Understanding  0.07  0.933  0.002  —
PQ2 —  Enjoyment  4.87  0.010  0.109  LM(G)  >  OM(G);  LM(G)  >  EM(G)
PQ3 —  Injuries  0.21  0.815  0.005  —
PQ4 —  Leadership  0.07  0.934  0.002  —
PQ5 —  Participation  0.28  0.755  0.007  —
PQ6 —  Game  influence  1.58  0.212  0.038  —
PQ7 —  Physical  self-expression  2.20  0.127  0.050  —
PQ8 —  Technical  self-expression  1.02  0.364  0.025  —

tatus

i
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c
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c
b

PQ: competition perception questions; BMS: biological maturity s
LM: late maturers.

n  on-time  maturing  (3.64  ±  0.92)  and  early  maturing  girls
3.69  ±  0.86).
Table  6  presents  the  correlation  levels  between  the  psy-
hological  constructs  of  pre-competitive  anxiety  and  the
oys’  perception  of  the  bio-banding  tournament.  A  positive

(
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; B: boys; G: girls; EM: early maturers; OM: on-time maturers;

orrelation  was  observed  between  the  enjoyment  of  the
io-banding  tournament  (PQ2)  and  self-confidence  levels

r  =  0.278,  P  <  0.01),  with  no  further  associations  found  bet-
een  the  psychological  constructs  and  the  rest  competition
erception  levels  in  boys  (P  >  0.05).
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Figure  2  a—d:  perception  question  scores  in  relation  to  the  areas  of  expression  according  to  sex  and  biological  maturity  status.
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Table  6  Correlations  between  the  psychological  constructs  of  pre-competition  anxiety  and  the  competition  perception
questions.

Variables  PQ1  PQ2  PQ3  PQ4  PQ5  PQ6  PQ7  PQ8

CA  −0.151  −0.158  −0.116  0.047  0.063  0.007  −0.003  −0.112
SA −0.200  −0.206  0.112  −0.093  0.016  0.001  −0.050  0.006
Sc 0.204  0.278**  0.056  0.186  0.038  −0.102  0.098  0.040
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PQ1—PQ8: competition perception questions from 1 to 8; CA: co
**P < 0.01.

. Discussion

he  current  study  focused  on  assessing  the  impact  of  bio-
ogical  maturity  status  on  three  psychological  constructs
ssociated  with  pre-competitive  anxiety.  On  the  other  hand,
he  competition  perception  of  young  male  and  female
andball  players  about  the  bio-banding  competition  for-
at  was  examined.  The  findings  highlighted  a  significant

nfluence  of  sex  on  cognitive  anxiety,  somatic  anxiety,  and
elf-confidence,  with  girls  (vs.  boys)  exhibiting  higher  cog-
itive  anxiety  and  somatic  anxiety  levels,  while  boys  (vs.
irls)  displayed  greater  self-confidence  levels.  Concerning
iological  maturity  status  and  sex,  early  maturing  girls
howed  higher  cognitive  anxiety  levels  in  comparison  to
n-time  maturing  girls.  In  terms  of  competition  perception
bout  bio-banding,  boys  reported  greater  understanding  and
njoyment.  In  contrast,  among  girls,  late  maturers  expe-
ienced  more  enjoyment  compared  to  on-time  and  early
aturers.  Additionally,  a  positive  correlation  was  observed
etween  greater  enjoyment  and  increased  Sc.

This  sex  differentiation  aligns  our  findings  with  pre-
ious  studies,  such  as  Brown  et  al.  [35],  which  noted
hat  sex  differences  during  adolescence  could  significantly
nfluence  sports  participation  and  psychosocial  behaviour.
urthermore,  prior  research  has  shown  that  the  psycholo-
ical  variables,  such  as  cognitive  anxiety,  somatic  anxiety,
nd  self-confidence,  are  often  significant  performance  pre-
ictors,  with  consistent  differences  between  sexes  [34].
ccording  to  an  evolutionary  perspective,  such  differences
ight  be  linked  to  the  varying  considerations  by  sex  with  res-
ect  to  adaptive  challenges,  such  as  competition  in  handball
36].  Conversely,  biological  perspectives  explore  elements
ike  the  role  of  sex  hormones  and  their  impact  on  speci-
c  cognitive  functions,  proposing  that  these  could  be  key
o  understanding  the  disparate  approaches  to  competition
ased  on  sex  [37].  On  the  other  hand,  some  theories  sug-
est  that  certain  sex  differences  may  stem  from  sex  biases
mbedded  in  the  sociohistorical  construction  of  psychologi-
al  categories  [38].

Additionally,  the  present  study  demonstrated  that  bio-
ogical  maturity  status  significantly  interacts  with  sex  in
elation  to  cognitive  anxiety.  Specifically,  early  maturing
irls  experienced  higher  levels  of  cognitive  anxiety  than  on-
ime  maturing  girls,  with  no  other  effects  found  in  the  rest
f  the  psychological  variables  or  in  boys.  This  finding  ali-
ns  with  studies  by  Drenowatz  et  al.  [30]  and  Towlson  et  al.

14],  which  emphasized  the  importance  of  considering  the
aturity  in  assessing  development  and  psychological  adap-

ation  in  young  players.  However,  these  results  contrast  with
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e anxiety; SA: somatic anxiety; Sc: self-confidence. *P < 0.05.

he  findings  of  Smart  et  al.  (2012),  who  indicated  an  inverse
elationship  between  maturity  and  physical  self-perception,
hus  affecting  quality  of  life  and  physical  activity.  Fac-
ors  such  as  performance  expectations,  self-concept,  or  the
xperience  of  negative  events  during  puberty  could  be  some
f  the  reasons  why  players  with  a  more  advanced  matu-
ational  level  experienced  higher  cognitive  anxiety  levels
39].  Considering  that  puberty  is  a  period  of  constant  and
ast  physical  growth  and  development  characterised  by  the
ppearance  of  sexual  and  physiological  differences  (e.g.,
ormone  concentration)  [40], it  is  possible  that  psycholo-
ical  constructs,  such  as  cognitive  anxiety,  may  be  more
nfluenced  in  girls  than  in  boys,  as  this  process  tends  to  occur
arlier  in  young  female  players.

To  mitigate  such  differences,  various  grouping  strate-
ies  have  been  developed,  one  of  the  most  well-known
nd  applied  in  different  sports  contexts  being  bio-banding
4].  According  to  Hill  et  al.  [41],  bio-banding  could  reduce
hese  differences,  especially  at  a  psychological  level,  allo-
ing  for  more  equitable  and  adjusted  development  at  both
nds  of  the  biological  maturation  spectrum.  Additionally,
ue  to  the  great  variability  in  maturity  during  adolescence,
his  strategy  could  have  long-term  effects  [42]. In  our
tudy,  although  no  direct  effect  of  biological  maturity  status
n  the  psychological  constructs  (cognitive  anxiety,  somatic
nxiety  and  self-confidence)  was  observed,  the  significant
nteraction  with  sex  (early  maturing  girls  showed  higher  cog-
itive  anxiety  levels  than  on-time  maturing  girls)  suggests
hat  bio-banding  could  reduce  or  eliminate  disadvantages
r  differences  among  children,  especially  in  young  female
layers.

On  the  other  hand,  regarding  the  players’  competition
erception,  boys  understood  and  enjoyed  the  bio-banding
ormat  more  than  girls.  However,  among  girls,  greater  enjoy-
ent  was  identified  in  late  maturers  compared  to  early  and

n-time  maturers.  This  inverse  trend  of  the  girls’  maturity  in
elation  to  the  concept  of  ‘‘bio-banding’’  contrasts  with  the
esults  obtained  in  boys,  where  early  maturers  tend  to  enjoy
io-banding  competition  more  [19—21]. An  earlier  matura-
ional  offset  already  cushioned  in  the  adolescent  age  with
maller  maturational  differences  among  girls  could  mean  a
esser  impact  of  the  bio-banding  concept  on  girls’  enjoy-
ent  levels.  This  reality,  coupled  with  greater  experience  of
laying-up  in  female  chronological  age  competition,  could
ignify  a  blurred  effect  of  bio-banding  in  girls  [43].  Addi-
ionally,  self-confidence  might  enhance  these  results  as  it

s  positively  correlated  with  the  experienced  enjoyment,
bserving  higher  levels  in  boys  and  in  late  maturing  girls.
n  this  latter  case,  and  thanks  to  the  equalization  of  deter-
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ining  game  performance  factors  through  bio-banding  (i.e.,
hysical  demands),  self-confidence  could  play  a  crucial  role
n  girls  with  a  less  advanced  maturational  level  to  perceive
io-band  competition  as  more  attractive  [14,41].  Therefore,
t  may  be  worth  considering  the  need  to  reassess  strategies
nd  actions  related  to  the  application  of  the  ‘‘bio-banding’’
oncept  in  women’s  sports,  as  the  maturational  criteria  esta-
lished  for  boys  do  not  appear  to  yield  similar  outcomes  for
irls,  particularly  in  terms  of  satisfaction.

This  study  has  certain  limitations  that  should  be  ack-
owledged.  First,  the  participants  were  selected  based  on
ccessibility  criteria,  as  they  were  the  only  individuals  avai-
able  from  the  handball  academy  who  met  the  study’s
ge  and  activity  requirements.  Consequently,  the  sample
ize  may  be  considered  relatively  small,  and  the  findings
hould  be  interpreted  with  caution,  as  the  sample  may  not
ully  represent  the  broader  population  of  youth  handball
layers.  Second,  the  distribution  of  handball  players  across
ge  groups  and  maturity  bands  was  uneven.  Third,  paren-
al  heights  used  for  the  %  PAH-based  maturity  estimation
ethod  were  self-reported  rather  than  directly  measu-

ed,  with  adjustments  made  for  potential  overestimation.
ourth,  the  menstrual  cycle  was  not  included  as  a  crite-
ion  for  the  inclusion  or  exclusion  of  young  female  players.
ifth,  the  timing  of  the  psychological  assessment  should  be
oted  as  a  limitation.  Future  research  could  benefit  from
ncorporating  repeated  measures  conducted  under  different
onditions  over  time  (e.g.,  chronological  age  competition
s.  bio-banding  competition)  to  provide  a  more  compre-
ensive  understanding  of  the  psychological  effects.  Finally,
he  application  of  the  bio-banding  strategy  is  specific  to  a
articular  socio-cultural  context  (Spanish  youth  handball)
nd  may  not  be  directly  transferable  to  other  sport  systems
r  cultural  settings  with  different  organisational  structures
e.g.,  Norwegian  youth  sports).

. Conclusions

he  present  study,  pioneering  in  exploring  the  interplay
etween  bio-banding,  psychological  constructs,  and  player
ompetition  perceptions,  identified  significant  effects  of
ex  and  biological  maturity  status  on  psychological  varia-
les.  Specifically,  girls  exhibited  higher  levels  of  cognitive
nd  somatic  anxiety,  while  boys  displayed  higher  self-
onfidence.  Boys  also  demonstrated  greater  understanding
nd  enjoyment  of  the  competition,  suggesting  bio-banding
ay  currently  be  more  suitable  for  male  contexts.  Addi-

ionally,  early  maturing  girls  experienced  greater  cognitive
nxiety,  whereas  late  maturing  girls  reported  higher  enjoy-
ent  levels.
These  findings  offer  valuable  insights  for  coaches  and

alent  developers  aiming  to  optimize  talent  selection
nd  player  development  processes.  Practical  applications
nclude:

 differentiating  competitive  experiences  by  maturity  sta-

tus:  coaches  can  leverage  strategies  such  as  ‘‘playing  up’’
or  ‘‘playing  down’’  to  match  athletes’  maturity  levels
with  appropriate  challenges,  creating  a  fairer  and  more
developmentally  aligned  environment;
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 managing  anxiety  in  female  athletes:  special  attention
should  be  given  to  the  psychological  responses  of  female
athletes,  especially  in  early  maturing  girls  with  regard
to  anxiety  levels.  Tailored  interventions,  such  as  mental
skills  training  or  fostering  supportive  team  environments,
can  help  reduce  anxiety  and  improve  their  competition
experiences;

 designing  safe  development  spaces:  by  creating  contexts
based  on  maturity  status,  coaches  can  reduce  subjective
performance  pressures,  which  are  particularly  relevant
for  female  athletes,  who  may  face  greater  social  and  psy-
chological  challenges.  Bio-banding  provides  a  framework
to  design  safer  developmental  pathways  that  consider
individual  differences  in  personality  and  character;

 maximizing  enjoyment  and  understanding:  efforts  to
increase  enjoyment  and  understanding  of  bio-banding
among  all  players,  particularly  females,  could  enhance
its  applicability  and  acceptance.  Structured  educational
sessions  for  players  and  stakeholders  about  the  benefits
of  bio-banding  may  aid  in  this  process.

These  practical  strategies  underscore  the  importance  of
ntegrating  bio-banding  as  a  flexible  and  adaptable  tool
ithin  talent  development  systems,  particularly  in  handball.
y  addressing  psychological  and  maturity-related  diffe-
ences,  bio-banding  offers  the  potential  to  support  more
quitable  and  effective  athlete  development.
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