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RESUMO

DETERMINANTES DE PARTICIPACAO NO BASQUETEBOL DE JOVENS:
ANALISE MULTIDIMENSIONAL
Mestrando: André Luiz de Almeida Soares
Orientador: Dr. Humberto Moreira Carvalho

Programas esportivos de jovens sdo frequentemente baseados em modelos de “academias
de elite”, em que aqueles que sdo considerados “talentosos” tém acesso a melhores
oportunidades e infraestruturas para seu proprio desenvolvimento. O engajamento
deliberado na pratica e no treinamento tém sido reconhecidos como uma das
caracteristicas indispensaveis para que se atinja a expertise em diversos dominios, e pode
ser determinante para diferenciar aqueles que terdo maiores chances de atingir os mais
altos niveis de desempenho. Dadas diversas mudangas que ocorrem nos jovens durante
sua infancia e adolescéncia, esses modelos de selecao podem estar superestimando alguns
atletas por suas caracteristicas pessoais. Especialmente no basquetebol, o tamanho
corporal e as capacidades funcionais podem proporcionar algumas vantagens no jogo.
Sendo assim, a maturagdo bioldgica ¢ um dos fatores que causam maiores divergéncias
no processo de selecdo. Treinadores e outros agentes do sistema esportivo podem estar
sobrevalorizando jogadores de maturagdo precoce, ao invés de considerar os diferentes
ritmos de crescimento de cada atleta. Essa variabilidade pode influenciar na progressao e
no engajamento de atletas na pratica esportiva formal. Além disso, caracteristicas
psicoldgicas podem ser afetas por essa abordagem, e sua relagdo com as mudangas ao
longo do crescimento também deveriam ser consideradas no esporte de jovens. Portanto,
treinadores e pesquisadores deveriam considerar abordagens multidimensionais e
holisticas na avaliacdo de jovens atletas. Uma compreensio multidimensional, e o
tratamento analitico adequado, dos fatores que influenciam no desenvolvimento de jovens
atletas podem favorecer melhores intervengdes de treinadores e outros agentes do esporte.
Dada a escassez de evidéncias empiricas acerca de jovens jogadores de basquetebol, esse
estudo teve como objetivos: (i) examinar as contribui¢des relativas a idade cronoldgica,
experiéncia acumulada no esporte, desenvolvimento fisico e bioldgico (tamanho corporal
e estagio maturacional), capacidades funcionais (desempenho funcional especifico) e
dominios psicologicos e comportamentais (motivacao e orientagao) para a progressao ou
abandono de programas de basquetebol de jovens; e, (ii) verificar quais sdo as
determinantes para a decisao de treinadores quando selecionam atletas para competir em
selecdes estaduais organizadas formalmente. Duas diferentes amostras compuseram esse
estudo. A primeira amostra considerou 57 jovens jogadores de basquetebol (10,5 a 15,5
anos) engajados no treino e competicdo formal, medidos durante a temporada
competitiva. Através de uma abordagem interdisciplinar, examinamos a variagdo do
estagio maturacional, do tempo de experiéncia de treino, tamanho corporal, capacidades
funcionais (Line Drill test € Yo-Yo Intermittent Recovery level 1 test) e motivagao para a
realizacdo, competitividade e pratica deliberada de jovens jogadores de basquetebol, de
acordo com seu status de participagdo no esporte, dois anos depois das avaliagdes. Dois
anos depois, verificamos se os jogadores deixaram a pratica (drop-out), ou permaneceram
jogando em programas estruturados de treinamento de basquetebol. Jogadores
adolescentes mais altos tiveram maior propensao de serem selecionados/promovidos em
jovens jogadores de basquetebol, apesar de sua menor capacidade funcional. Motivagao
para realiza¢do e competitividade (vontade de se destacar e competitividade) estiveram



relacionadas a condi¢do de (des)continuidade nessa amostra de jovens jogadores. De
forma geral, h4 a necessidade de serem consideradas as interagdes entre o crescimento
fisico, a maturagdo biologica, capacidades funcionais e caracteristicas comportamentais,
especialmente entre jogadores na trajetoria em busca da expertise. A segunda amostra
considerou a variagdo da experiéncia acumulada no treino de basquetebol, o tamanho
corporal, o desempenho funcional, a motivacdo para a pratica deliberada, para a
realizagdo e competitividade e as fontes de apreciagdo de jovens jogadoras de
basquetebol, dividindo a potencial variacdo entre as caracteristicas bioldgicas individuais
(status da menarca) e caracteristicas contextuais (categoria etaria competitiva e o nivel
competitivo, i. . nivel de estado, n = 30; e clube, n = 84). Consideramos 114 jogadoras
adolescentes de basquetebol (10,0 a 17,9 anos). Utilizamos a regressdao multinivel e
estimativas de pods-estratificacdo para examinar a variacdo por nivel competitivo,
considerando o grupo etario e o estdgio da menarca. As jogadoras selecionadas para o
nivel de estado tiveram maior experiéncia acumulada, eram mais altas e com melhores
desempenhos funcionais. Considerando os dados, treinadores(as) de jovens atletas do
sexo feminino tenderam a valorizar (provavelmente sobrevalorizar) o tamanho e a
funcionalidade ao selecionar/promover jogadoras, mesmo em idades precoces,
possivelmente contribuindo para uma maior representacdo de garotas maturadas
precocemente nos grupos etarios mais baixos. Jogadoras dos niveis de clube e estado
estavam altamente motivadas para a pratica deliberada e para a realizagdo. Apenas para a
competitividade, jogadoras do nivel de estado tiveram maiores valores tiveram maiores
valores que jogadoras de nivel de clube. As fontes de aprecia¢ao foram influenciadas pelo
contexto (niveis competitivos) para competéncias auto referenciadas e competéncias
referenciadas pelos outros. Programas de treinamento e competi¢do estruturados em
jovens jogadoras de basquetebol proporcionaram um ambiente estimulantes para o
desenvolvimento do engajamento e comprometimento ao treino e alcance da exceléncia
das jogadoras.

Keywords: esporte de jovens, selecao de atletas, analise multidimensional.



RESUMO EXPANDIDO

DETERMINANTES DE PARTICIPACAO NO BASQUETEBOL DE JOVENS:
ANALISE MULTIDIMENSIONAL

Introducio

Programas esportivos de jovens sdo frequentemente baseados em modelos de “academias
de elite”, em que aqueles que sdo considerados “talentosos” tém acesso a melhores
oportunidades e infraestruturas para seu proprio desenvolvimento. O engajamento
deliberado na pratica e no treinamento tém sido reconhecidos como uma das
caracteristicas indispensaveis para que se atinja a expertise em diversos dominios, e pode
ser determinante para diferenciar aqueles que terdo maiores chances de atingir os mais
altos niveis de desempenho. Dadas diversas mudancas que ocorrem nos jovens durante
sua infancia e adolescéncia, esses modelos de selecdo podem estar superestimando alguns
atletas por suas caracteristicas pessoais. Especialmente no basquetebol, o tamanho
corporal e as capacidades funcionais podem proporcionar algumas vantagens no jogo.
Sendo assim, a maturagdo biologica ¢ um dos fatores que causam maiores divergéncias
no processo de selecdo. Treinadores e outros agentes do sistema esportivo podem estar
sobrevalorizando jogadores de maturacao precoce, ao invés de considerar os diferentes
ritmos de crescimento de cada atleta. Essa variabilidade pode influenciar na progressao e
no engajamento de atletas na pratica esportiva formal. Além disso, caracteristicas
psicologicas podem ser afetas por essa abordagem, e sua relacdo com as mudangas ao
longo do crescimento também deveriam ser consideradas no esporte de jovens. Portanto,
treinadores e pesquisadores deveriam considerar abordagens multidimensionais e
holisticas na avaliagdo de jovens atletas. Uma compreensdo multidimensional, ¢ o
tratamento analitico adequado, dos fatores que influenciam no desenvolvimento de jovens
atletas podem favorecer melhores intervengoes de treinadores e outros agentes do esporte.

Objetivos

Dada a escassez de evidéncias empiricas acerca de jovens jogadores de basquetebol, esse
estudo teve como objetivos: (i) examinar as contribui¢des relativas a idade cronologica,
experiéncia acumulada no esporte, desenvolvimento fisico e biologico (tamanho corporal
e estdgio maturacional), capacidades funcionais (desempenho funcional especifico) e
dominios psicoldgicos e comportamentais (motivacao e orientagdo) para a progressao ou
abandono de programas de basquetebol de jovens; e, (ii) verificar quais sdo as
determinantes para a decisdo de treinadores quando selecionam atletas para competir em
selecdes estaduais organizadas formalmente.

Metodologia

Duas diferentes amostras compuseram esse estudo. A primeira amostra considerou 57
jovens jogadores de basquetebol (10,5 a 15,5 anos) engajados no treino e competicao
formal, medidos durante a temporada competitiva. Através de uma abordagem
interdisciplinar, examinamos a varia¢ao do estagio maturacional, do tempo de experiéncia
de treino, tamanho corporal, capacidades funcionais (Line Drill test e Yo-Yo Intermittent
Recovery level 1 test) e motivacdo para a realizagao, competitividade e pratica deliberada
de jovens jogadores de basquetebol, de acordo com seu status de participagao no esporte,
dois anos depois das avaliagdes. Dois anos depois, verificamos se os jogadores deixaram
a pratica (drop-out), ou permaneceram jogando em programas estruturados de
treinamento de basquetebol. A segunda amostra considerou a variacdo da experiéncia



acumulada no treino de basquetebol, o tamanho corporal, o desempenho funcional, a
motivagdo para a pratica deliberada, para a realizacdo e competitividade e as fontes de
apreciacdo de jovens jogadoras de basquetebol, dividindo a potencial variagdo entre as
caracteristicas biologicas individuais (status da menarca) e caracteristicas contextuais
(categoria etaria competitiva e o nivel competitivo, 1. €. nivel de estado, n = 30; e clube,
n = 84). Consideramos 114 jogadoras adolescentes de basquetebol (10,0 a 17,9 anos).
Utilizamos a regressao multinivel e estimativas de pos-estratificacdo para examinar a
variagdo por nivel competitivo, considerando o grupo etario e o estdgio da menarca.

Resultados e discussao

Jogadores adolescentes mais altos tiveram maior propensdo de serem
selecionados/promovidos em jovens jogadores de basquetebol, apesar de sua menor
capacidade funcional. Motiva¢do para realizacdo e competitividade (vontade de se
destacar e competitividade) estiveram relacionadas a condi¢ao de (des)continuidade nessa
amostra de jovens jogadores. De forma geral, hd a necessidade de serem consideradas as
interagdes entre o crescimento fisico, a maturagdo biologica, capacidades funcionais e
caracteristicas comportamentais, especialmente entre jogadores na trajetoria em busca da
expertise. As jogadoras selecionadas para o nivel de estado tiveram maior experiéncia
acumulada, eram mais altas ¢ com melhores desempenhos funcionais. Considerando os
dados, treinadores(as) de jovens atletas do sexo feminino tenderam a valorizar
(provavelmente sobrevalorizar) o tamanho e a funcionalidade ao selecionar/promover
jogadoras, mesmo em idades precoces, possivelmente contribuindo para uma maior
representacdo de garotas maturadas precocemente nos grupos etarios mais baixos.
Jogadoras dos niveis de clube e estado estavam altamente motivadas para a pratica
deliberada e para a realizagdo. Apenas para a competitividade, jogadoras do nivel de
estado tiveram maiores valores tiveram maiores valores que jogadoras de nivel de clube.
As fontes de apreciacdo foram influenciadas pelo contexto (niveis competitivos) para
competéncias auto referenciadas e competéncias referenciadas pelos outros. Programas
de treinamento e competicdo estruturados em jovens jogadoras de basquetebol
proporcionaram um ambiente estimulantes para o desenvolvimento do engajamento e
comprometimento ao treino e alcance da exceléncia das jogadoras.

Consideracoes finais

Com um caminho ndo claro dos programas de treinamento acerca da trajetdria para o
esporte profissional, o basquetebol de jovens, especialmente no feminino, pode
influenciar nas tendéncias de motivacdo para a realizagdo e competitividade com o
aumento da idade e do aumento da experiéncia acumulada no treinamento. As
informagoes acerca do esporte de jovens sdo escassas e carecem de estudos empiricos
considerando aspectos multifatoriais que possuem alguma influéncia no desenvolvimento
de jovens atletas e sua progressao. Interpretagdes baseadas em analises unidimensionais
podem ser mal interpretadas e favorecer de forma equivocada as tomadas de decisao de
treinadores e outros agentes envolvidos no contexto do basquetebol de jovens. A
utilizagdo de modelos multinivel e métodos bayesianos podem ser uteis em pesquisas na
area de ciéncias do esporte, especialmente com jovens, dada a influéncia de aspectos
relacionados ao crescimento e maturagdo, principais fatores de confusdo na interpretagao
do desempenho de jovens atletas. Em relacao aos dados apresentados, nossas estimativas
destacaram uma grande representacao de jogadores e jogadoras maturados precocemente.
Aparentemente, pela influéncia do crescimento pubertario e das vantagens fisicas de
atletas que atingem a maturagdo precocemente, € o fato de os clubes selecionarem



jogadores para representagdo em competigdes formais, o sistema esportivo parece dar
uma énfase maior ao desempenho atual ao invés do potencial desempenho futuro dos
atletas. Ao menos nos contextos observados, estratégias pedagogicas deveriam ser
adotadas com o intuito de promover a participagdo de atletas com maturagdo tardia no
treinamento e competi¢do regulares e estruturados, considerando que o desenvolvimento
em longo prazo poderia reduzir diferencas aparentes em idades iniciais. O acumulo de
experiéncia no treino influenciou diretamente em aspectos de motivagdo para a pratica
deliberada e desempenho funcional. Portanto, influenciando diretamente na interpretagao
de treinadores e outros agentes do contexto esportivo, influenciando a sua decisdo acerca
do atleta (i.e., exclusdo ou promocdo de nivel). O ambiente esportivo pareceu influenciar
nos aspectos comportamentais do atleta, enquanto os niveis de motivacao e as fontes de
aprecia¢do se demonstrar adequadas ao nivel de competi¢do das atletas. O processo de
selecdo deve considerar os multiplos fatores que influenciam no desenvolvimento dos
jovens, em prol de favorecer que o potencial desempenho futuro seja favorecido em
relagdo ao desempenho atual. Mesmo com uma grande variabilidade de caracteristicas
pessoais, fisicas e comportamentais nos diferentes niveis de competicdo, os atletas
pareceram apreciar o ambiente e o contexto ao qual estavam inseridos. Portanto, devemos
tomar cuidado ao afirmar que os contextos competitivos podem influenciar
negativamente no desenvolvimento dos jovens, sobretudo nos aspectos psicoldgicos.

Palavras-chave: jovens atletas; desenvolvimento de atletas; crescimento e
desenvolvimento; métodos bayesianos.



ABSTRACT

Youth sports programs are commonly based on “elite academies” models, where those
who are considered “talented” have access to better opportunities and facilities for their
own development. It has been recognized that deliberate engagement in practice is one of
the indispensable characteristics to expertise achievement in many domains, and it may
be determinant to differ those who will have greater chances to achieve higher levels of
performance. Given the high number of changes that occur in youth during their
childhood and adolescence, these selection models may be overestimating some athletes
by their personal characteristics. Especially in basketball, body size and functional
capacities may favor some advantages in-game. Thus, biological maturation is a major
confounding in the selection process. Coaches and sports stakeholders may be
overvaluing early maturing players, besides considering different timing and tempo of
growth for each athlete. This variability may influence athletes’ progression and
engagement in formal sports practice. Moreover, psychological characteristics may be
affected by this approach, and its relation to growth changes should be considered in
youth sports. Therefore, coaches and researchers should consider multidimensional and
holistic approaches in youth assessments. A multidimensional comprehension and
adequate analysis treatment of the factors that influence young athletes’ development
could favor better interventions from coaches and stakeholders. Due the lack of empirical
evidences about young basketball players, this study aimed to (i) examine relative
contributions of chronological age, accumulated experience in sports, physical and
biological development (body size and maturity status), functional capacities (specific
functional performance) and psychological and behavior (motivation and orientation)
domains to youth progression or dropping out basketball programs; and to (ii) verify what
are the determinants for coaches decision when selecting players to compete in a formal
organizational selected state team. Two different samples compose this study. The first
sample was composed of 57 male basketball players (10,5 to 15,5 years) engaged in
formal training and competition measured during the competitive season. Using an
interdisciplinary approach, we examined the baseline variation in biological maturity
status, training experience, body size, functional capacities (Line Drill test and Yo-Yo
Intermittent Recovery Level 1 test) and motivation for achievement, competitiveness and
deliberate practice of youth basketball players according to their participation status in
the sport two years after assessment. Two years later we ascertained whether players
discontinued participation (dropout), or remained engaged within a structured basketball
training program. Taller adolescent players were more likely to be selected/promoted in
youth basketball regardless of their lower functional capacity. Achievement and
competitiveness motivation (will to excel and competitiveness) were related to dropping
out or persisting in this sample of youth basketball players. Overall, there is a need to
consider the interaction between physical growth, biological maturation, functional
capacities, and behavioral characteristics, specifically among players on the path to sport
expertise. The second sample considered variation in accumulated basketball training
experience, body size, functional performance, deliberate practice motivation,
achievement and competitiveness motivation and sources of enjoyment among young
female basketball players, partitioning the potential variation by individuals” biological
characteristics (menarche status) and contextual characteristics (competitive age group
and competitive level, i.e. state, n = 30; club level, n = 84). We considered 114 adolescent



female basketball players (10,0 to 17,9 years). We used multilevel regression and
poststratification estimations to examine variation by competitive level, accounting for
age group and menarcheal status. The adolescent female basketball players selected for
the state-level had more accumulated experience, were taller and with better functional
performance. Conditional on the data, youth female coaches tend to value (probably
overvalue) size and function when selecting/promoting players, even at early age groups,
likely contributing to an overrepresentation of early maturing girls at early age groups.
Players from club and state levels were similarly highly motivated for deliberate practice
and achievement. Only for competitiveness, state-level players had higher values than
club level players. The sources of enjoyment were influenced by context (competitive
levels) for self-referenced competencies and others referenced competencies. Structured
programs of training and competition in youth female basketball provide a nurturing
environment for the development of players” engagement and commitment to training
and excellence attainment.

Keywords: youth sports. athletes' selection. multidimensional analysis.
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1 INTRODUCTION
1.1 YOUTH SPORTS

The development of young athletes is a highly dynamic and complex problem, which
is key for clubs, federations and governmental bodies. Youth sports research and applied
contexts are mainly interested in talent identification and selection oriented for the attainment
of sports expertise (1, 2), often typified as “elite academies” training and development systems
focused on the development of high-performance athletes (3). In this context, it is assumed that
young athletes' abilities and capabilities are fixed and can be identified and predicted at an early
age (4, 5). This view of youth sports is often narrow-minded and based on unidimensional
approaches. Hence, this context may reflect the reduced participation of youth in sports
programs.

Consequently, most of youth sports developmental models follow implicitly or
explicitly the “Standard Model of Talent Development”, favoring that just a few and selected
players achieve the highest levels of sports performance, while many others leave sports
program through time — indicating a metaphor of a pyramid, where the number of players
engaged in formal sports system decreases with the increased of the competitive level (6). These
models are based on several assumptions, including (a) the focus is solely on progressing those
who are identified as talented; (b) progression from one to the next level involves the removal
of large numbers of players; (c) formal measures identified as ideal are often in place to select
and/or de-select players; (d) players who leave this specific route, likely won't get in again; (e)
early specialization is seen as necessary to achieve high performance; (f) it is assumed that early
ability in early-stage indicates later success. Apparent acceptance and success of this model
have been hindered by the sparsity of empirical studies, although it remains the modus operandi
of young players' development in sports (3).

The great interest of existing developmental models in optimizing sport “talents” to the
achievement of higher levels of performance has been questioned (7). Instead, the exclusive
pretention of selecting players, Lloyd et al. (7) highlighted that there is a small number of youths
who can expect to achieve an elite professional level. In contrast, there are many young players
who opt to play a sport only on a recreational level, but they do not participate in organized
sports or fail to accumulate the daily physical activity recommendations by leading health

authorities. Therefore, even considering the actual scenario of a youth sports organization, there
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are few models that clearly define training prescription directives for youth in different
maturational stages, technical competencies and levels of training background.

In general, developmental models consider athletes from early ages and adolescence to
adulthood (8-12). However, most of the developmental models do not take account of the
multidimensional nature in the enhancement of psychomotor, personal, social, cognitive and
creative abilities (11). The limitations of these models are the unidimensional consideration of
growth and maturation development processes in different aspects of human characteristics and
the scarce available longitudinal data tracking during children and adolescents athletes (13-15).
A holistic approach and the comprehension of the multifaceted dimensions of athletes’
development could maximize the chances of players remaining sports practice during a long-
time period during their lives on different levels and purposes of playing, promoting better
health conditions and practices.

In order to avoid possible biases in sport organization structures due to the inter-
individual differences related to maturity status and growth, the bio-banding is an experimental
approach that matches players based on their actual maturity status in comparison with their
adult predicted height (16, 17). The limitation of these purposes is the background based on
unidimensional approaches and assessment, and the scarce empirical evidence (7).

It has been argued that early engagement in formal structured training programs and
specialization are determinant to achieve expertise and highest levels of performance and
competition in some sports (18-21). Often, young athletes’ developmental models assume the
need for engagement in deliberate practice since early ages, entailing specialization in only one
or few sports, with structured training and competition structures.

Deliberate practice is characterized by the accomplishment of several oriented tasks that
demand cognitive and physical effort, fostering positive skill development and improving
performance by reducing weaknesses in sport-specific influences of performance (7, 22-24).
Studies have pointed out that deliberate practice’s efforts require a high level of motivation and
enjoyment of players, due to its massive routine and repetition basis (18, 19, 23, 25).

Because of the actual organization in youth sports, early specialization has had some
attention in the debate. Besides the importance of the accumulated practice in specific sport
practice for achievement of expertise in many dimensions, researchers have warned about some
possible negative effects of early specialized training to young athletes; such as social

limitations, dietary restriction, injury risks, potential dropping out and burnout due its demands
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in long-term training programs, as result of high levels of stress (3, 26-36). Despite the
importance of the comprehension of early specialization in youth sports, available data linking
this topic and athletes’ career outcomes are still scarce (30, 37). Retrospective studies
highlighted that most athletes who achieved higher levels of performance in Canada attended
more than one sports program during their childhood and adolescence. Mostly based on these
analyses it has been proposed the framework of the Developmental Model of Sports
Participation (8,23, 38, 39). The limitation of this model, such as others, is the lack of empirical
data with young athletes along with their entire career progression or dropping out an organized
sports system (7), considering the multivariate determinants in each stage.

It has been noted recently that talent identification and selection among youth is likely
misinterpreted when considering unidimensional approaches in performance (3). This is based
on the assumption that talent is a genetically characteristic (i.e. a gift), hence sports systems are
confounding potential future high-level athletes with variation between athletes during their
individual timing and tempo of pubertal growth, maturation, and development (40). This likely
reflects coaches' and stakeholders’ beliefs and decision making in players’ selection as such as
governmental policies and economical efforts involved, producing a bias in published evidence-
based information. Consequently, talent identification could be overvaluing current
performance identification instead of looking for potential future high-level athletes (3).

Youth sports organizations are usually based on classification by chronological age,
with reference date as a cutoff. The day players were born determines their age group, then the
category they will keep engaged and compete. This classification, such as in other social
systems focused on youth development (e.g. school, university, and music programs) (41), has
been biased when it does not consider variability between-individuals, promoting the relative
age effect (42). This phenomenon has been considered a consequence of the selection system,
which favors those who are labeled as “talented” by their advantages in physical conditions
(body dimensions), skills and competences (technical and cognitive domains) and accumulated
sport-specific experience. It means that these players who apparently show better performance,
most of times, older than their teammates and opponents, may be promoted and have access to
better coaches and facilities, increasing the differences from others (43-48). Besides selection,
healthy and safe conditions of practice and competition should be taken by coaches and
stakeholders considering all these differences in players’ categorization (49). Therefore, care

should be taken when comparing youth performance (50, 51).
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Notwithstanding, youth sports programs can provide a powerful context to promote
positive environments due to youth interest and engagement in these programs. Therefore,
considering individuals' capacity for adaptation and learning, there have been calls to promote
the potential of positive youth development (PYD) (39, 52-57). PYD refers to the creation and
expansion of personal assets comprising relationships and opportunities to develop
competencies, abilities, and skills in cognitive, social, emotional and intellectual dimensions
(55, 58-60). Assets need to be considered as the outcome of youth interactions with themselves
and within their context (i.e. sports environment, coach, practitioners and managers) combining
learning positive values, commitment, social competencies, positive identity, support,
boundaries, expectations, empowerment and the constructive use of time, not considering only
sport dimensions but various positive aspects for throughout life.

Youth sports programs and coaches during their intervention should take into account
the differences between athletes’ own characteristics and developmental stages in order to
promote an adequate environment for participants to learn and develop themselves in physical,
technical, intellectual, social, psychological and emotional aspects, respecting the time and

limits athletes demand in each stage of their development.

1.2 INTERDISCIPLINARY/HOLISTIC APPROACH

Caution is warranted when predicting the potential high-performance in adult age, and
to consider an interdisciplinary approach may be helpful in this challenge. Often coaches and
practitioners are interpreting potential since early ages based on snapshots of current players’
performance. In fact, the time of engagement in deliberate practice has been considered as one
of the predictors of expertise achievement in many fields, not exclusively in sports (19, 24, 61,
62). However, especially during pubertal growth, coaches and researches should consider the
possible interactions between athletes’ chronological age, biological maturation status and
accumulated experience on body dimensions, functional performance, physical and
physiological capacities and behaviors (29, 63). These interpretations demand adequate
analytical approaches (40, 64-70).

Chronological age is often used in studies as a reference to growth and performance
during adolescence. However, limited utility in the assessment of growth and maturation using
this parameter is recognized, due to the large variability in somatic and biological maturation

and performance among adolescents of the same chronological age, especially during pubertal
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years (63, 71-74). Growth is understood as measurable changes in body size dimensions, while
maturation refers to the timing and tempo these changes occur. Given the individuality in
maturation timing and tempo of development, care should be taken when assessing young
athletes. The order of apparent characteristics is not the same for any adolescent, then
considering maturity status is a complex task in studies. Due to its difficult to measure, studies
have purposed non-invasive methods of assessment that consider secondary characteristics of
pubertal growth and development to measure skeletal, sexual and somatic maturation
components. Skeletal development in hand and wrist by radiography; breast development and
menarche in girls, penis and testes development in boys, and pubic hair in both sexes,
comparing with population references; hormones, age at peak height velocity (PHV) through
longitudinal follow-up, and; percentage of predicted adult stature estimated by equations that
consider anthropometry measures are commonly used (63, 73, 75-77).

Especially in sports, these differences may influence athletes’ development and
opportunities of practice that may influence in his/her development and chances of achievement
of higher levels of performance (1, 6). Basketball demands are multifaceted which involves
short, intense and repeated episodes of activity requiring rapid changes of direction (78, 79).
Particularly in basketball, biological maturation influences in body dimensions and sport-
specific functional capacities. There is a need to account for the influence of maturation on
athletic performance during the pubertal growth period (16, 65, 72, 80). Performance
measurement and assessment of athletes’ characteristics tend to influence athletes’ career
progression, due growth-related changes may be overestimated in the selection process (81).
Early maturing players may be overvalued by their advantages in-game situations (e.g.
rebounding, fighting for space and shooting by longer distances) while late maturers may be
excluded from sports programs progression by their biological characteristics (3, 4, 63, 69),
even evidences show that after the PHV, discrepancies between athletes tend to be lower (65,
74).

Besides the importance of functional capacities and favorable performance for in-game
situations, technical domain, physical capacities, social relations, and environmental factors are
involved in the selection process, consequently to athlete development and progression (2, 45,
67, 80). The lack of consideration of the holistic and multifactorial nature process of athlete
development has been reported as a key reason for inaccuracy and limited success in predicting

future high-level athletes (1, 13, 15, 40, 64, 70, 82).
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1.3 BEHAVIORAL CHARACTERISTICS

Given the importance of accumulated experience and time dispended in deliberate
practice (i.e. tasks which the main goal is explicit to improve performance) to achieve expertise
in many domains (24, 83), behavioral and environmental aspects seem to be determinant in
athletes’ development through childhood and adolescence until adulthood performance (18, 19,
84). The role of deliberate practice in skill acquisition and performance is consolidated as a
basic requisite for high-performance individuals, and the need to consider the accumulated
experience with other integrated variables is evident (61). Dispending time and effort to
deliberate practice and focusing on challenge tasks requires the full engagement of athletes,
focusing on weakness improvement and produce successful outcomes (21). Therefore, personal
characteristics, such as mastery achievement orientation (85), competitiveness (18, 86), self-
control (87), commitment (88), individual and collective perception of efficacy (89-92) and
motivation (30, 40) have been described as deterrent for enjoyment and will to be engaged in
sports (21).

Behavioral or psychosocial characteristics are directly related to personal behaviors and
assets of development (82, 92-98). Especially in sports, it is recognized that psychological and
emotional aspects influence athletic performance (89-92, 99). Team sports require interaction
between-athletes and other people involved in different roles of an organization that is relevant
to develop and achieve optimal performance. Individuals’ abilities, competences, skills and
performance aligned between athletes and their peers with the team’s common goals may favor
this achievement (100). It is reasonable that a positive environment that favors the contribution
of athletes on community and social contexts they are engaged (i.e. school, family, religion and
others), may promote great personal assets of development (55, 60).

Growth-related changes from adolescence to adulthood marks a period of profound
influence in terms of emotions, social life, psychology, and motivations. Different timing and
tempo in biological maturation can impact athletes’ development in sport, as much as into their
personal life (21, 101-103). In the same way, sociocultural and contextual environment
differences and their own characteristics must be considered when assessing youth athletes’

development. The integration of genetic factors and environment athletes are engaged must be

understood (32, 70, 82, 104-106).
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Understanding young players selection in sports, contexts of practice and intervention,
and athletes’ progression during their development is important to (a) give coaches information
that bases their selection decisions; (b) promote better quality of the athletes development
environment in a long-term process, considering the influence of experience and time spent in
deliberate practice; (c) integrate all sport stakeholders and researchers in order to develop an
efficient and effectual athlete development system with shared goal and clear objectives; (d)
scientists getting closer to high-performance sports field, since the ultimate assessment of the
investment of resources comes from people who make decisions about athletes’ progression,
and not outside (3).

If the practice is oriented to improve performance, it is reasonable that victory in
competition moments are considered important moments of the process. Even though, there are
limited studies considering interactions of behavior characteristics with physical growth,
function and experience in sports (67). Given the number of issues and influences of social
relationships and engagement in oriented sports programs, understanding how these
interactions occur and the influence in athletes’ development in different dimensions is required
to a better approach through interventions with athletes, families and stakeholders (26, 28, 102,
107).

1.4 PURPOSE

There is a lack of information about youth athletes’ pathways, development and
progression in sports considering the multivariate complexity of youth in sports. As the
importance and social impact sports have, empirical results could help coaches, practitioners,
administrators and public policies to collaborate with the more effective and positive promotion
of sports. Therefore, this study purposes to use a multidimensional and interdisciplinary
approach in youth basketball athletes’ assessment, interpretation and discussion.

The main objective is to discuss how growth-related changes may influence athletes’
development and how it may be misconstrued if coaches, practitioners, administrators and
researchers do not consider behavioral aspects, personal, physical and physiological
characteristics and accumulated experience in sports as integrated variables in youth pathways.
We also aim to discuss and interpret athletes’ selection and promotion process as a consequence
of shallow interpretations into the sports system. We divided this purpose into two different

moments to attend these perspectives.
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The first study we considered a cross-sectional design, where athletes were assessed
in body size, chronological age, maturity status, accumulated years of practice, functional
performance and motivation dimensions. Two years after baseline, players were asked if they
were engaged in structured and formal basketball training programs at the same level or above,
or who had left basketball engagement. Its aim was to highlight what were the determinants of
players who drop-out structured basketball training engagement after considering the variances
between athletes’ individual characteristics.

In the second study, in a cross-sectional design, our aim was to analyze what
characteristics were determinant for young basketball players being selected to compete at a
higher level they usually do. We considered young female basketball players from under-13,
under-15 and under-17 age categories who competed in the state-level championship. From our
sample, we grouped those players who were selected to the state team and those who were not
selected during the respective year. We considered functional performance, behavioral
characteristics, body size, maturity status and accumulated experience in structured basketball
training and competition. The main goal was to highlight what determinants influence athletes’
opportunities of competing at a higher level with selected coaches and facilities by the direct
influence of state-level coaches.

We hope to contribute with actual literature with new empirical arguments to discuss
young athletes’ selection and development, and to highlight the need of considering different

aspects while studying and intervening with youth in sports, particularly in basketball.
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2 METHODOLOGICAL CONSIDERATIONS

This study is considering two independent samples of youth basketball players,
assuming a multidimensional perspective, i.e. considering personal, biological, psychological,
physical and physiological characteristics. Both samples were adopted given the constraints of

the applied context to proceed with follow-up studies.

2.1 STUDY AND DESIGN SETTING

To address the trends of engagement or dropping-out sports system we considered a
sample of 57 male basketball players aged 10,5 to 15,5 years, measured in 2015. We followed-
up the playing status (i.e., remaining engaged in formal basketball or drop-out of sport). The
players were engaged in a formal structured training program within a local club in Campinas
and competed at the state level, supervised by Federacdo Paulista de Basketball (FPB). After
two years, players were contacted again to follow up on their status in the sport, i.e. whether
they remained engaged in basketball structured training and competition or abandoned
basketball.

Assuming a cross-sectional sample of female basketball players aged 10,0 to 17,8
years engaged in structured training programs and competition, we will examine the
determinants of selection between players who were selected by coaches to represent the state
team and those who were not selected in under-13, under-15 and under-17 categories,
supervised and organized by Federacdo Catarinense de Basketball (FCB). In a cross-sectional
design, we will compare these athletes by a multidimensional perspective and try to discuss

possible determinants for coaches’ decisions when calling up youth basketball players.

2.2 DATA QUALITY

Anthropometry measures were performed by a single observer. Body mass was
measured with a calibrated portable balance (Seca model 770, Hanover, MD, USA) to the
nearest 0,1 kg. Stature was measured with a portable stadiometer (Seca model 206, Hanover,
MD, USA) to the nearest 0,1 cm. Based on repeated-measures, stature reliability was verified
and established with a perfect correlation between measures and a typical error of measurement
0,18 cm (95% confidence interval 0,12 to 0,40). Maturity status was inferred by the maturity
offset protocol equation. Performance compared to those who were not retained in the youth

basketball program. We recognize the limitations of the maturity offset equation to estimate
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individual maturity status (40, 108). Cautious is needed when interpreting maturity status
classification, but the between-player variability may be useful to compare each other.

Assessment of performance in the Line Drill test, i.e., time to cover a 140m shuttle run
performance, was performed using video recording in part of the sample. The reliability of
video recording for time measurement o was completed by comparison with photoelectric cells
(65). Twenty-five measurements of time were made simultaneously from the baseline
reference, using a gate of photoelectric cells (Speed Test 6.0 Standard, Cefise, Nova Odessa —
SP, Brazil) and the video recorder. Agreement between methods showed no systematic or
proportional bias (calibration equation: Y = 0,034 + 0,997 - X), with a technical error of
measurement 0,12 s (95% confidence interval 0,10 to 0,17) and a perfect correlation between
methods. Thus, video analysis for time recording in the Line Drill test was assumed to be
reliable and accurate.

The of the protocol Yo-Yo IR1 is based on repeated 2 x 20 m runs back and forth
between the starting, changing of direction and finishing line at a progressively increased speed
controlled by audio bleeps from a tape recorder (109). Participants have a ten-seconds of active
rest between each turn, jogging in a distance of 2 X 5 m. Participants run until they are no longer
able to maintain the required intensity; the test is considered complete when athletes fail twice
to reach the last line in time. Covered distance is measured in meters. Replicate measured were
performed on a subsample of eleven players twice within one week. As reported before (74),
the coefficient of variation was 6.0% (95% CI 4.5-9.5%), which is within the range of
reproducibility reported for the Yo-Yo IR1 (109).

The countermovement jump test was tested on a jump mat (Multisprint System,
Hidrofit, Brazil), as reported elsewhere (74). Players started the test from an upright standing
position. Then, they were instructed to begin the maximal vertical jump with a downward
movement, immediately followed by a concentric upward movement. During the full test, hands
were held on the hips. Each player performed three trials, and the best mark was retained for
analysis. The coefficient of variation, based on replicate measures separated by 1 week in 18

players, was 6,9% (95% CI 5,1-10,5).
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3 DETERMINANTS OF DROP-OUT IN YOUTH BASKETBALL: AN
INTERDISCIPLINARY APPROACH!

3.1 INTRODUCTION

Talent identification, selection, and development are a major focus of youth sports
programs. Within applied contexts, such as sports federations or professional clubs, there has
been a generalization of providing youth sports programs using an “elite academies” model,
focused on the development of high- athletes, where children and adolescents can develop in a
highly targeted, athlete-centered environment built around early specialization (5). These youth
sports programs generally assume that talent is a fixed capacity which consequently, can be
identified and predicted early (4, 5). However, the paths to adult expertise in sports are both
highly selective and nonlinear (1). Accordingly, the mechanisms that may predict future
success or dropping out from organized sports are multifactorial and highly complex (13),
especially in sports like basketball, where structured training systems start at early age (21).

Basketball performance is influenced by physical, physiological, and behavioral
characteristics (40, 110, 111), perhaps even more so with young players (40). Body size and
physiological performance are particularly valued in the selection process for youth basketball
(112). Indeed, coaches may well be overvaluing these factors as available data in youth
basketball, albeit scarce, shows an overrepresentation of early maturing boys (40, 113-115).
Furthermore, studies tend to focus on selected characteristics of young players, considering
unidisciplinary perspectives from either biological, psychological or behavioral variables (40).
These studies also appear to favor those who remain in the sport, often labeled “elite youth
players”, rather than considering a more balanced and comprehensive data set from successes
and failures across several interacting variables.

When considering young athletes, particularly during pubertal growth, coaches and
researchers need to consider the possible interacting influence of chronological age, biological
maturation and accumulated experience in the sport on body dimensions, functions, and
behaviors (40). Maturation is a major confounding variable to interpret young players’
performance, given the numerous hormonal changes during puberty resulting in important

physical, physiological and behavioral changes (116). Therefore, early prediction of adult
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performance from adolescent data is difficult and likely to be unreliable, although it remains the
typical modus operandi in high-performance sport (5).

Behavioral dimensions have been sparsely considered in studies of young athletes (40,
67), where the focus is mostly based on biological and performance characteristics (117).
Particularly in youth sports programs focused on the development of high-performance athletes,
it is generally assumed that expertise development is positively associated with an accumulated
amount of training hours and that the age of specialization is a particularly decisive moment to
lift an athlete’s skill level, readiness, and commitment (19, 21). Although psychological
characteristics play a central role in the development of sport expertise (5), there are limited
studies considering interactions of behavior characteristic with physical growth, function, and
experience in youth sports (13, 67).

Reflecting on these various issues, we examined the baseline variation in biological
maturity status, training experience, body size, functional capacities and motivation for
achievement, competitiveness and deliberate practice of youth basketball players according to
their participation status in the sport two years later. Specifically, we were interested in baseline

differences between those who discontinued or continued to participate in the sport.

3.2 METHODS
Experimental approach to the problem

The present study considers 57 male basketball players aged 10,5 to 15,5 years,
measured in 2015. When measured, players were engaged in formal training and competition
within a local club in Campinas metropolitan region and competed at the state level supervised
by Federagdao Paulista de Basketball (FPB). Players were part of the under-11 and under-12
teams that trained six hours per week, and the under-13 to under-15 teams that trained 8 hours
per week. No participant was suffering from lower extremity musculoskeletal injury at the time
of testing or during 6 months before testing.

All players were contacted again in 2017 to follow up on their current status in the sport,
i.e. whether they remained engaged in basketball structured training and competition or
abandoned basketball. Hence, two groups of playing status were defined: drop-outs, players
who discontinued (abandoned) basketball; and persisters, players who remained engaged in
basketball structured training and competition, at least at same the level of the baseline

measurement.
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The study was approved by the Research Ethics Committee of the University of
Campinas. Participation in this study was voluntary; players and their parents or legal guardians

provided informed written consent.

Procedures

Details about procedures and reliability estimates are presented elsewhere (40), as the
present study re-examines the data at baseline, considering the players within status at follow-
up two years later.

Briefly, we considered anthropometry measures, taken by a single and experienced
observer following standardized procedures, including stature, sitting height, body mass, and
the triceps, subscapular, suprailiac and medial calf skinfolds, which were summed as a measure
of relative body fat distribution. Intra-observer technical errors of measurement were 0,25 cm
for stature, 0,38 cm for sitting height, 0,42 kg for body mass, and 0,68—0,91 mm for skinfolds.

Chronological age was calculated to the nearest 0,1 year by subtracting birth date from
the date of testing. We used the maturity offset protocol (77) to derive age at peak height
velocity (PHV). Prediction of time before or after PHV considers chronological age, stature,
body mass, sitting height and estimated leg length (stature minus sitting stature). The
assumptions and limitations of the offset equation applied to the sample of the present research
project were recognized elsewhere (40).

We used two protocols of functional capacity for basketball: a short-term maximal effort
protocol, the Line Drill test (118) and an intermittent endurance test, the Yo-Yo Intermittent
Recovery Level 1 test (Yo-Yo IR1) (109). Each functional performance variable was
standardized to a z-score; z-scores were reversed for the Line drill performance; as lower times
indicate better performance. The respective z-scores were summed to provide composite
functional performance indicators for each player.

To evaluate psychobehavioural factors, we used the Work and Family Orientation
Questionnaire (86) and the Deliberate Practice Motivation Questionnaire (19). The former has
19 items, rated on a 5-point Likert scale (1 = completely disagree to 5 = completely agree), and
assesses four dimensions of achievement: personal unconcern, work, mastery and
competitiveness. We only used the last three subscales in the present study, consistent with
previous observations with similar samples of youth basketball (21, 40). The Deliberate Practice

Motivation Questionnaire (DPMQ), originally designed for chess (19), was adapted for
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basketball, translated and validated to Portuguese (21). Two dimensions of deliberate practice
are considered: will to compete and will to excel. The questionnaire is composed of 18 items,
similarly rated on a 5-point Likert scale. The adapted Portuguese version showed good
reliability in previous data in youth basketball from the same age range of the present study
(21).

Finally, years of experience in formal basketball training and age when players first took
part in organized basketball practice were obtained by interviews of the players and confirmed

with their coaches and parents.

Statistical analysis

Modeling approach. We used a multilevel linear regression model, in this case, a null
model, which is the simplest two-level model that includes only the random parameters, to
measure the proportion of total variance which fell between players grouped by playing status
two years after initial observation players (i.e., intraclass coefficient). As expected based on
previous observations in youth male basketball (40, 114, 115, 119), we observed substantial
nesting on the dependent variables by age groups (Table 5). Thus, we assumed players (level-
1) nested by age group category (level-2) in the following steps of the analysis.

A series of multilevel linear regression models were fitted to explore whether body
dimensions, functional capacities, achievement motivation dimensions and motivation for
deliberate practice varied for players grouped by playing status two years after initial
observation (dummy variable: drop-outs coded as 0; persisters coded as 1). We accounted for
age by alignment with estimated age at PHV (maturity offset) and aggregation between age
group at level-2.

We used allometric scaling to partition the influence of body size on the interpretation
of functional capacities. Through analysis of the validity of allometric models, based on residual
analysis, we only considered Yo-Yo IR1 performance scaled for body mass. Finally, for
computational convenience and for interpretation when variables have different scales (120),
we used z-score transformations on both dependent and independent variables.

Priors. Variables standardization allowed us to use weakly informative prior
distributions for population-level, normal priors (0,10), and for group-level effects, Cauchy
priors (0,2). As such, we intend that results reflected the knowledge available from the original

data.



29

Model-checking and inference. We used posterior predictive checks to confirm that
we did not omit relevant interactions (121). We used the widely applicable information criteria
to compare models and to ensure we did not overfit our data (120, 121).

Computation. For each model, we ran a chain for 2,000 iterations with a warm-up
length of 1,000 iterations. The models were implemented with Bayesian methods via Markov
Chain Monte Carlo (MCMC) simulation and using Hamiltonian Monte Carlo and its extension,
the No-U-Turn Sampler, using Stan (122) and obtained using “brms” package (123), available

as a package in the R statistical language.

3.3 RESULTS

Baseline characteristics of drop-outs and persisters and the comparison between groups
are summarized in Table 1. Positive intraclass coefficients indicate the need to consider
aggregation at level-2, hence estimates based on single-level regressions become inaccurate
(121). There was substantial aggregation by playing status two years after the initial
observation. This related to chronological age, maturity status, age at the start of basketball
training, years of training experience, functional performance score and motivation for
achievement, competitiveness and deliberate practice.

Players considered in the present study ranged from under-11 to under-15 yearly
competitive age groups. The substantial age-related variation between age groups was present
(Table 5). Thus, we accounted for variation between players grouped at level-2 within the
Bayesian multilevel models to compare baseline characteristics of drop-outs and persisters.
Comparisons of body dimension between drop-outs and persisters are summarized in Table 2,
partitioning the influence of both maturity status and years of training in basketball, and
aggregation at level-2 for an age group. Players who persisted playing basketball were taller,
heavier and somewhat larger. As expected, the substantial influence of somatic maturity status
was present, regardless of playing status two years later.

Functional performance characteristics of young players who dropped-out or persisted
in basketball two years after the measurements are summarized in Table 3. These data partition
the influence of both maturity status and years of training in basketball, and aggregation at
level-2 for age group partitioning. There was no variation between persisters and drop-outs for
Line Drill performance. Also, accounting for differences by playing status two years later and

age group variation as a level-2 unit, no influence of maturity status or training experience was
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apparent. Notably, however, drop-outs had better Yo-Yo IR1 performance, even when the
influence of body mass was partitioned using allometric scaling. This scaling removed the
influence of maturity status on intermittent endurance performance, independent of playing
status two years later and age group variation, as a level-2 unit. Also, a positive influence of
experience on intermittent endurance was observed, independent of playing status two years
later. When we considered the score of functional capacities, which ranks players with better
performance in both tests, persisters were better on overall performance compared to dropouts.
Also, more advanced maturity status and years of experience were positively related to the score
of functional capacities, when accounting for playing status two years later and age group
variation, as a level-2 unit.

Achievement motivation and motivation for deliberate practice characteristics of
young players who dropped-out or persisted in basketball two years after the measurements are
summarized in Table 4. These data partition the influence of both maturity status and years of
training in basketball, and aggregation at level-2 for age group partitioning. Overall, both
groups of players showed high scores for the dimensions of the Work and Family Orientation
Questionnaire. All players had high scores for work, independent of playing status two years
later, maturity status, experience or aggregation at level-2 for the age group. As for mastery,
there was a positive influence on the scores of maturity status and years of experience in
basketball, regardless of playing status two years later, accounting for aggregation for age group
at level-2. Perhaps unsurprisingly, persisters had higher scores of competitiveness compared to
dropouts, independent of maturity status and years of experience in basketball. The Deliberate
Practice Motivation Questionnaire scores were high in the present basketball sample. For will
to excel, persisters had higher scores than drop-outs, independent of maturity status. Also, years
of experience in basketball had a positive influence, accounting for variation in playing status
two years later. The scores of will to compete were high for all players when accounting for

variation in all variables and levels in the model.



Table 1. Descriptive statistics (posterior mean and 90% credible intervals) for players within status at follow-up two years later and corresponding intraclass coefficients.

Intraclass coefficient

All sample (n=57)

Drop-outs (n=22)

Persisters (n=35)

Chronological age (yrs)
Maturity offset (yrs)

Age at the start of basketball training (yrs)

Years of experience (yrs)
Stature (cm)

Body mass (kg)

Sitting height (cm)

Sum of skinfolds (mm)

Line Drill test (s)

Yo-Yo IR1 (m)

Scaled Yo-Yo IR1 (m.kg™®")
Performance composite score (z-score)
Achievement motivation

Work (1-5)

Mastery (1-5)
Competitiveness (1-5)
Deliberate practice motivation
Will to excel (1-5)

Will to compete (1-5)

13,2 (12,8 to 13,6)
-0,34 (-0,78 to 0,08)
10,1 (9,5 to 10,6)
3,1(2,5t03,7)
167,9 (164,0 to 171,8)
60,2 (55,8 to 64,8)
83,5 (81,6 to 85,5)
59,0 (53,6 to 64,4)
34,79 (34,07 to 35,52)
578,2 (515,4 to 641,1)
48,5 (44,0 to 53,0)
0,00 (-0,45 to 0,45)

4,47 (4,32 to 4,60)
4,17 (3,99 to 4,35)
3,64 (3,44 to 3,83)

4,21 (4,00 to 4,42)
4,34 (4,19 to 4,49)

13,4 (12,7 to 14,0)
-0,34 (-1,04 to 0,36)
10,9 (10,1 to 11,7)
2,5 (1,6 10 3,6)
166,3 (160,0 to 172,7)
56,8 (49,6 to 64,0)
83,1 (80,0 to 86,3)
52,5 (44,0 to 60,9)
34,84 (33,67 to 36,03)
628,2 (527,5 t0 728,9)
54,7 (47,7 t0 61,8)
0,19 (-0,55 to 0,93)

4,42 (4,21 to 4,64)
4,08 (3,79 to 4,37)
3,37 (3,07 to 3,67)

3,85 (3,53 t0 4,17)
4,31 (4,06 to 4,55)

13,1 (12,6 to 16,6)
-0,35 (-0,91 t0 0,21)
9,6 (8,9 to 10,2)
3,5 (2,8 t0 4,2)
168,9 (163,8 to 173,9)
62,4 (56,7 t0 68,2)
83,8 (81,3 t0 86,3)
63,2 (56,4 to 70,0)
34,76 (33,82 to 35,70)
546,9 (467,0 to 626,7)
44.6 (38,9 t0 50,2)
-0,12 (-0,71 to 0,46)

4,49 (4,31 to 4,66)
4,23 (4,00 to 4,46)
3,80 (3,57 to 4,04)

4,43 (4,18 to 4,69)
4,36 (4,16 to 4,56)

0,12 (0,00 to 0,50)
0,09 (0,00 to 0,45)
0,23 (0,01 to 0,57)
0,13 (0,00 to 0,44)
0,00 (0,00 to 0,02)
0,00 (0,00 to 0,02)
0,01 (0,00 to 0,7)
0,00 (0,00 to 0,02)
0,05 (0,00 to 0,28)
0,00 (0,00 to 0,00)
0,00 (0,00 to 0,03)
0,24 (0,00 to 0,69)

0,86 (0,00 to 0,87)
0,31 (0,00 to 0,81)
0,45 (0,01 to 0,85)

0,48 (0,03 to 0,83)
0,32 (0,00 to 0,84)




Table 2. Comparison between persisters and dropouts for body size, accounting for between player associated variation in training experience and maturity status, and
aggregation by age group at level-2 using Bayesian multilevel models.

Stature Body mass Sitting height Sum of skinfolds
Population-level effects (90% credible interval)
Intercept -0,12 (-0,45 to 0,18) -0,18 (-0,56 to 0,26) -0,06 (-0,61 to 0,53) -0,41 (-1,45 to 0,60)
Persisters/drop-out category* 0,16 (-0,02 to 0,35) 0,30 (0,09 to 0,51) 0,04 (-0,04 to 0,12) 0,51 (0,09 to 0,92)
Maturity offset 1,09 (0,90 to 1,29) 1,14 (0,85 to 1,45) 1,42 (1,32 to 1,53) 0,58 (-0,12 to 1,25)
Years of experience -0,10 (-0,19 to -0,01) 0,02 (-0,10 to 0,14) -0,04 (-0,08 to 0,01) -0,00 (-0,24 to 0,23)
Group level estimates (90% credible interval)
Level 2, between age group
effects
Intercept standard deviation 0,35 (0,08 to 0,78) 0,50 (0,06 to 1,18) 0,75 (0,35 t0 0,41) 1,17 (0,18 to 2,46)
Level-1 standard deviation 0,36 (0,30 to 0,40) 0,44 (0,37 to 0,53) 0,17 (0,14 to 0,20) 0,90 (0,76 to 1,08)

* Persisters/drop-out category: dummy category with dropout coded 0, persisters coded 1; hence intercept is the estimate for the drop-outs and Persisters/drop-
out category estimate represents the difference magnitude for the persisters players.

32
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Table 3. Comparison between persisters and dropouts for functional capacities, accounting for between player variation in training experience and maturity status, and
aggregation by age group at level-2 using Bayesian multilevel models.

Line Drill Yo-Yo IR1 Scaled Yo-Yo IR1 Performance composite
test score

Population-level effects (90% credible interval)
Intercept -0,02 (-0,57 to 0,50) 0,31 (-0,08 to 0,76) 0,44 (-0,02 to 0,92) 0,22 (-0,20 to 0,63)
Persisters/drop-out category* 0,01 (-0,44 to 0,44) -0,49 (-0,87 to -0,14) -0,72 (-1,17 to -0,30) -0,31 (-0,70 to 0,09)
Maturity offset -0,30 (-0,61 to 0,10) 0,49 (0,18 t0 0,78) 0,12 (-0,31 to 0,44) 0,48 (0,12 to 0,77)
Years of experience -0,08 (-0,31 to 0,17) 0,21 (0,01 to 0,39) 0,22 (-0,01 to 0,45) 0,18 (-0,05 to 0,40)
Group level estimates (90% credible interval)
Level 2, between age group
effects
Intercept standard deviation 0,52 (0,08 to 1,27) 0,36 (0,04 to 0,89) 0,239(0,03 to 1,07) 0,34 (0,04 to 0,92)
Level-1 standard deviation 0,89 (0,75 to 1,06) 0,73 (0,63 to 0,86) 0,92 (0,77 to 1,09) 0,77 (0,65 t0 0,91)

*Persisters/drop-out category: dummy category with dropout coded 0, persisters coded 1; hence intercept is the estimate for the drop-outs and Persisters/drop-
out category estimate represents the difference magnitude for the persisters players.
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Table 4. Comparison between persisters and dropouts for achievement motivation and deliberate practice motivation, accounting for between player variation in training
experience and maturity status, and aggregation by age group at level-2 using Bayesian multilevel methods.

Achievement motivation Deliberate practice motivation

Work Mastery Competitiveness Will to Excel Will to compete
Population-level effects (90% credible interval)
Intercept -0,07 (-0,52 to 0,40) -0,02 (-0,39 to 0,38) -0,32 (-0,74 t0 0,11) -0,37 (-0,95 t0 0,19)  -0,05 (-0,58 to 0,45)
Persisters/drop-out
category* 0,13 (-0,36 to 0,64) 0,07 (-0,37 to 0,51) 0,53 (0,06 to 0,98) 0,59 (0,12 to 1,06) 0,08 (-0,42 to 0,59)
Maturity offset 0,12 (-0,21 to 0,47) 0,23 (-0,04 to 0,51) -0,04 (-0,38 to 0,26) -0,12 (-0,54 t0 0,22) 0,16 (-0,19 to 0,52)
Years of experience 0,01 (-0,27 to 0,28) 0,36 (0,11 to 0,58) 0,13 (-0,14 to 0,39) 0,25 (0,02 to 0,51) 0,09 (-0,19 to 0,38)
Group level estimates (90% credible interval)
Level 2, between age group
effects
Intercept standard deviation 0,29 (0,02 to 0,40) 0,23 (0,01 to 0,69) 0,24 (0,01 to 0,72) 0,48 (0,06 to 1,23) 0,42 (0,05 to 1,09)
Level-1 standard deviation 1,05 (0,89 to 1,23) 0,91 (0,77 to 1,06) 1,01 (0,86 to 1,20) 0,91 (0,78 to 1,08) 1,01 (0,84 to 1,20)

* Persisters/drop-out category: dummy category with dropout coded 0, persisters coded 1; hence intercept is the estimate for the drop-outs and Persisters/drop-
out category estimate represents the difference magnitude for the persisters players.
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3.4 DISCUSSION

In this study, we used an interdisciplinary approach to examine the baseline variation in
biological maturity status, training experience, body size, functional capacities and motivation
for achievement, competitiveness and deliberate practice of youth basketball players according
to their participation status in the sport two years later (i.e. discontinued their participation in
the sport, drop-out; or continued to participate in the sport, persisters). Drop-outs were slightly
older but had less accumulated training experience than those who remained in the training
programs two years after the initial observation. Considering variation between players for
chronological age, maturity status and training experience, those retained in the youth
basketball training programs had higher body dimensions and worse functional capacity but
notably, had higher values for competitiveness (achievement motivation), will to excel and will
to compete (deliberate practice motivation) compared to those who dropped out. Overall,
coaches appear to have selected those who were taller, heavier and motivated to compete and
excel, even if they had worse functional performance compared to those who were not retained
in the youth basketball program.

We acknowledge the limitations of the maturity offset equation to estimate individual
maturity status (40, 108). However, the range of predicted ages at PHV and uncertainty
estimates by age group (see Table 5) were within the ranges for age at PHV derived from
longitudinal studies which modeled individual stature data for young athletes (75, 124), as well
as the longitudinal studies where the maturity offset protocol was used (77). Cautiously, we
may infer that the players in the present sample, on average, were “on time” in maturation, but
substantial between-player variability was present (Table 1). Hence, the need to appropriately
account for variation on predicted age at PHV when interpreting body size, functional capacities
and motivation for achievement, competitiveness and deliberate practice. Considering the
athletes by playing status two years after observation, persisters were slightly advanced in
maturity status.

Concerns about the risks and potential impacts of early specialization in youth sports
have been raised (27, 125). However, the current practices in youth sports programs often
referred to as “elite academies” are generally focused on early specialization (5, 27). As stated
earlier, this approach is based on several assumptions, such as talent is a fixed capacity that can
be identified early, or beliefs about talent (e.g., talent as a gift) (5). On the other hand, the

perspective is also supportedby the argument that expertise attainment needs a deliberate
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engagement (126) in practice during the specialization years, spending time wisely and always
focusing on tasks that challenge the current performance (21). In the present study, persisters
started their formal training in basketball earlier. Consequently, they had more accumulated
experience than their dropout peers two years after observation. Similar observations were
reported in youth soccer (67). Therefore, although the body of evidence is sparse, it appears to
confirm that young athletes starting early in organized training may have advantages in the
selection process in youth team sports.

When comparing body dimensions of players by playing status two years after
observation, there were no apparent differences for body dimensions (see Table 1). However,
as reported earlier (40), there was substantial variation in body dimension associated with
contrasting maturity status (Table 2). Hence, we re-modeled body dimensions by playing status,
aligning for maturity-associated and chronological age-variations in the sample. The results of
the Bayesian multilevel revealed that taller and heavier players were likely to be retained two
years after the observations (see Table 2). These findings are consistent with the limited
observations in youth basketball. For example, in a sample of 84 Portuguese players aged 12 to
15 years, retained players (n = 52) were also taller and heavier than dropouts (n = 32) two years
after observations (13).

Results also highlight the need to be cautious when interpreting the functional
performance of adolescent basketball players. A naive interpretation of the comparisons
between drop-out and persisters (i.e., without considering variations in age, maturity status, and
training experience — Table 1) would suggest that persisters were better on Line-drill
performance than drop-out players whilst, on overall performance composite score, drop-outs
were better than persisters. Also, this simple picture would suggest that there were no
differences in intermittent endurance performance between players by playing status. However,
after aligning the influence of age, maturity indicator and training experience in the Bayesian
multilevel models the initial interpretations differ. Consequently, dropouts showed higher
intermittent endurance performance, even when allometric scaling was performed, and
substantially better overall functional performance. Also, the differences in the Line drill
performance between players by playing status were explained by age-related variation (note
the substantial group-level estimate for age group effects and the large uncertainty estimates for

maturity offset and years of experience at population-level effects). The preceding observations
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add to the need for appropriate analytical approaches to examine the interactions between age,
maturity status and years of experience in sport with performance.

Consistent with the observations with a Portuguese youth basketball sample (13),
persisters appear to have lower levels of functional capacity during pubertal years compared to
those who are not retained in basketball. Of course, these interpretations are limited to the data
available and lack the prospective of repeated measures across pubertal years. For example, it
has been noted in a longitudinal study in youth soccer that the rate of changes within a
competitive season should also be considered to interpret the functional capacities of young
players (127).

These concerns notwithstanding, it is likely that the present sample already reflects a
highly selected group of young basketball players. This may contribute to the high scores
observed for both achievement and competitiveness motivation, and deliberate practice
motivation in the present study. A naive interpretation (Table 1) would suggest that players that
persisted in youth basketball training programs had substantially higher values in all dimensions
of motivation in both questionnaires used. However, considering the substantial influence of
chronological age and years of experience in basketball, but not maturity status, persisters were
more motivated for excel and for competitiveness, and similarly high in the other dimensions
compared to dropouts. These results are consistent with observations where will to excel was
the main predictor identified to classify under-16 players by competitive level in both male (21)
and female (103) youth basketball. The results add to the calls for further consideration of
behavioral characteristics in the study of young athletes’ development and progression in sport
(40, 67, 94).

Finally, the present study is limited by its sample size and may reflect characteristics of
the context of the study, warranting caution when generalizing interpretations. Also, we were
not able to track information about growth, performance and behavioral characteristics after the
baseline observation. Nevertheless, the present data add valuable insights for the study of youth
basketball selection and progression, particularly considering a multidimensional approach,
particularly given the increase in t call for interdisciplinary studies in sports research (40, 128).

In summary, we used an interdisciplinary approach to examine whether variation in
biological maturity status, training experience, body size, functional capacities and motivation
for achievement, competitiveness and deliberate practice of youth basketball explained

differences between players according to their participation status in the sport two years after
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the assessment. The present study highlights the need to consider Bayesian multilevel modeling
to deal with the interactions among physical growth, biological maturity status, functional
capacities, and behavioral characteristics; specifically, among players on the path to sport
expertise. On a simpler level, it became apparent that taller adolescent players are more likely
to be selected/promoted in youth basketball, regardless of their lower functional capacity,
particularly intermittent endurance. Finally, achievement and competitiveness motivation is
apparently linked to the process of dropping out or persisting in this sample of youth basketball
players. The need to consider the complex interactive pattern between variables is perhaps the

clearest applied implication of the study.
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Table 5. Descriptive statistics (posterior mean and 90% credible intervals) for adolescent basketball players by age group team at study baseline.

Under 11
(n=12)

Under 12
(n=14)

Under 13
(n=10)

Under 14
(n=11)

Under 15
(n=10)

Intraclass
coefficient

Chronological age (yrs)

Maturity offset (yrs)

Age at the start of basketball

training (yrs)

Years of experience (yrs)

112 (11,0 to 11,4)
2,34 (2,69 to -1,99)

9,7 (8,5 to 10,8)

1,5 (0,4 t0 2,6)

12,3 (12,2 to 12.5)

-1,32 (-1,65 to -1,00)

9,6 (8,5 to 10,6)

2,7 (1,7 0 3,8)

13,3(13,1 to 13,6)

-0,31 (-0,70 to 0,07)

10,0 (8,8 to 11,3)

3,3 (2,1 to 4,0)

14,4 (14,2 to 14,6)
1,06 (0,69 to 1,43)

10,3 9,1 to 11,5)

4,1 (2,9105,3)

15,4 (15,1 to 15,6)
1,83 (1,44 t0 2,21)

11,1 (9,9 to 12,3)

43 (3,0t05,5)

0,98 (0,93 to 1,00)
0,94 (0,82 to 0,99)

0,09 (0,00 to 0,45)

0,33 (0,02 t0 0,71)

Stature (cm)
Body mass (kg)
Sitting height (cm)

Sum of skinfolds (mm)

150,6 (145,8 to 155.5)
45,6 (38,9 to 52,3)
75,2 (72,8 to 77,6)
69,2 (57.8 to 80,5)

160,0 (155.5 to 164,5)

50,6 (44,3 to 56,8)
79.8 (77,6 to 82,0)
64,6 (54,1 to 75,1)

170,4 (165,0 to 175,7)

58,8 (51,4 t0 66,1)
84,0 (81,4 to 86.5)
49,6 (37,2 to 62,1)

182,5 (1774 to 187,5)

74,4 (67,4 t0 81,4)
89,8 (87,3 t0 92,3)
56,5 (44,6 to 68,3)

181,1 (1758 to 186,4)
77,5 (70,1 to 84,8)
91,6 (89,0 to 94,2)
51,4 (39,0 to 63.,9)

0,76 (0,55 to 0,90)
0,66 (0,39 to 0,82)
0,80 (0,58 to 0,92)
0,14 (0,00 to 0,43)

Line Drill test (s)
Yo-Yo IR1 (m)

Scaled Yo-Yo IR1 (m.kg™®!)
Performance composite score (z-

score)

37,6 (36,3 to 38,9)
373,3 (270,6 to 476,1)
38,2 (29,0 to 47,5)

0,15 (-0,42 to 0,72)

35,2 (33,9t0 36,4)

468,6 (373,510 563,7) 564,0 (451,50 676,5) 803,6 (696,3 to 910,9)

453 (36,7 t0 53,9)

-0,33 (-0,85 t0 0,19)

33,5 (32,0 to 34,9)

47,7 (37,6 t0 57.9)

-0,55 (-1,17 to 0,08)

33,7 (32,3 t0 35,1)

59,6 (49,9 to 69,3)

0,54 (-0,05 to 1,14)

33,5 (32,0 to 35,0)
744,0 (631,5 to 856,5)
53,8 (43,7 to 64,0)

0,22 (-0,40 to 0,85)

0,54 (0,17 to 0,83)
0,58 (0,31 to 0,30)
0,22 (0,01 to 0,55)

0,21 (0,00 to 0,62)

Achievement motivation

Work (1-5)
Mastery (1-5)

Competitiveness (1-5)

441 (4,11 to 4,71)
4,81 (3,44 to 4,18)
3,55 (3,11 t0 3,99)

4,35 (4,08 to 4,63)
4,07 (3,72 to 4,42)
3,64 (3,24 to 4,05)

4,60 (4,27 to 4,93)
4,20 (4,79 to 4,60)
3,65 (3,17 to 4,13)

4,41 (4,09 to 4,72)
4,27 (3,88 to 4,66)
3,73 (3,27 to 4,18)

4,61 (4,27 to 4,94)
4,60 (4,20 to 5,00)
3,63 (3,15t0 4,11)

0,06 (0,00 to 0,37)
0,22 (0,00 to 0,67)
0,04 (0,00 to 0,28)

Deliberate practice motivation

Will to excel (1-5)

Will to compete (1-5)

3,79 (3,35 t0 4.23)
3,98 (3,66 to 4,30)

4,35 (3,94 to 4,76)
4,48 (4,18 to 4,77)

4,27 (3,79 to 4,76)
4,53 (4,18 to 4,87)

4,65 (4,18 to 5,00)
431 (3,98 to 4,64)

3,98 (3,48 to 4,46)
4,43 (4,08 to 4,77)

0,00 (0,00 to 0,59)
0,16 (0,00 to 0,58)
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4 PERFORMANCE, MOTIVATION, AND ENJOYMENT IN YOUNG FEMALE
BASKETBALL PLAYERS: AN INTERDISCIPLINARY APPROACH?

4.1 INTRODUCTION

A key question for researchers, coaches and governing bodies is “what is it that
characterizes those who succeed?” (129). This question is frequently addressed in the early
stages of the development of children and adolescents engaged in organized training programs
deliberately focused on training and development in that sport. It is often considered that
specialization years are a decisive moment to lift an athlete’s skill level, readiness and
commitment (18, 21). However, this perspective tends to be exclusive and is applied to only a
minority of the participants in youth sports structured programs.

It is generally assumed that the expertise attainment in sport is positively related to the
accumulated number of hours of practice (18, 21, 22). Hence, the decision to persist engaged
in youth sports organized programs is likely founded on a clear orientation towards competitive
success and on a strong will to become an expert player, ready to practice at the standards of
volume and intensity required by expert performance (21). Given that young athletes are first
of all adolescents, it may be reasonable to assume that achievement orientations and the will to
become experts through deliberate practice may vary between players in contrasting
competitive playing levels. Also, enjoyment in sports practice among young athletes may play
a significant role in their engagement in practice to improve performance.

As organized youth sports entail a very structured selection process, early prediction of
future outcomes and adult expertise attainment potential is aimed (5), and decisions are mostly
based on physiological test performance (116). However, the performance development of
children and adolescent athletes is potentially influenced by a myriad of factors, including
variability in growth and biological maturation or the complex environmental factors that may
mislead the accuracy and specificity of most traditional physiological tests (116). To examine
variation between young players by their level of competition, research generally assumes
unidisciplinary perspectives from either biological, psychological or behavioral variables,

which is a clearly flawed approach (130). Interdisciplinary approaches are rarely adopted to

2SOARES, A.L.A.; LEONARDI, T.J.; SILVA, J.; NASCIMENTO, J.V.; PAES, R.R.; GONCALVES,
C.E.; CARVALHO, H.M. Performance, motivation, and enjoyment in young female basketball players: an
interdisciplinary approach. Journal of Sports Sciences (Accepted in February 10, 2020).
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interpret young athletes” development, despite the longtime calls applied to talent identification
and development (131), and research in sports science (132, 133).

Even more when considering youth basketball, determinants of performance are
multifactorial. It has been well documented about the importance of body size on playing
positions and performance (112). Basketball movement patterns involve high-intensity short-
term activities, and intermittent in nature, such as sprinting, jumping or cutting (134, 135). The
physiological demands require both activities aerobic in nature (135, 136), but also placing
important energy demands on anaerobic metabolism. On the other hand, any sports context
involves interpersonal interactions within it, as constrained by the organizational structure of
the training and competition (137). Hence, an interdisciplinary approach considering size,
functional performance and behavioral attributes (and biological maturation in young athletes)
will allow for a deeper understanding of players” performance development and the path to
expertise in basketball.

Available information with young athletes' development is mostly based on male
populations, despite generalized girls' participation in organized sports (131). Particularly with
female adolescent basketball players, the limited data available considers mainly
anthropometric and physiological attributes (138, 139). In this study we assumed an
interdisciplinary approach to examine young female athletes' functional and behavioral
characteristics, accounting for variation by age group, menarcheal status, and competitive level.

Finally, research questions and designs (e.g., limited sample size within a team or
competitive level) (140), frequent small true between-individual variation at different levels
(e.g., between individual differences in maturity status or training experience within a narrow
age group or team of adolescent players) are often overlooked in sports science. The analysis
and interpretation in sports science research are often dealt with traditional single-level
approaches and using frequentist methods, albeit its limitations being been noted is several
scientific areas (141). As previously noted (130), multilevel regression modeling provides a
flexible and robust alternative that intuitively considers the hierarchical data structure (142).
Moreover, estimations of small group's characteristics within a higher level of observations may
be improved upon the consideration of all data available. For this, better estimates may be
derived using poststratification based on the multilevel regression models (142, 143), where
information is partially pooled across similar groups, providing then aggregate estimations for

a target population (142), with limited or even non-existent data (144). From a Bayesian
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perspective, model fit comprises samples from the joint posterior density of the parameters
(145). The interpretations use probabilistic of these parameters to simulate predictions and
assess the quality of the model fit to data (145). For multilevel model estimations, we used
Markov chain Monte Carlo (MCMC), which is generally superior to maximal likelihood
methods (146).

In the present study, we examined the variation in years of accumulated training
experience, body dimensions, functional performance, deliberate practice motivation,
achievement and competitiveness motivation, and sources of enjoyment among young female
basketball players within and between age groups, menarcheal status and competitive levels
among the female adolescent basketball, partitioning the potential variation by individuals’
biological characteristics (menarche status) and contextual characteristics (competitive age
group and competitive level). Furthermore, in the present study, we illustrate the use of
multilevel regression and poststratification to estimate the variation in outcomes of interest
accounting for cross-classified nesting, which is often the case in an applied youth sports
context, i.e. within and between variation by age groups, menarcheal status, and competitive

levels.

4.2 METHODS
Study design and sample

This study was based on a cross-sectional design. A total sample of 114 adolescent
female basketball players aged, on average, 14,3 (SD = 1,8) years, with a range between 10,0
to 17,9 years, was considered. The players were classified by competitive level as club- (n =
84) and state-level (n = 30) selected by coaches to compete in the state teams. The latter
competed with their respective clubs during the season at a regional level competition and were
included among state selections in the 2018 competitive season (it should be noted that
competitive seasons in Brazil typically run between March until November). Player’s selection
for the state level teams was performed by the respective state-level team coaches. Club level
players were from under 13, under 15 and under 17 teams from clubs that competed at regional
level competition supervised by either the Associacdo Regional de Basquetebol (ARB) —
institutional body supervisor of the local competition, filiated to Federa¢do Paulista de
Basketball (FPB); and by the Federagdao Catarinense de Basketball (Basketball Federation of

Santa Catarina). Both federations organize their own state level competition, and represent both
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structured and organized competitive system with substantial engagement of female young
players. At the time of the study, all players trained regularly (~300-360 min/wk) over a 9-
month season (March to November). No player was injured at the time of testing or self-
reported to have any moderate or more severe lower-limb injury (i.e. more than 7 days elapsing
from the date of injury to the date of the player’s return to full participation in team training and
availability for competitive gameplay) during 6 months before the testing.

The study was approved by the Research Ethics Committee of the Federal University
of Santa Catarina and by the Research Ethics Committee of the University of Campinas.
Participants were informed about the nature of the study, that participation was voluntary and
that they could withdraw from the study at any time. Players and their parents or legal guardians

provided written informed consent.

Procedures
Chronological age was calculated to the nearest 0,1 years by subtracting a birth date
from the date of testing. Menarcheal status was obtained through self-reported age at menarche,
via interview performed by the coaches (female coaches in all cases). Distance to age at
menarche was calculated to the nearest 0.1 years by subtracting menarche date from the date of
testing. Players were grouped into three groups of menarcheal status: early (n=27), average
(n=8) and late (n=12). Reference age at menarche (mean = 12,89 years, 95% CI: 12,68 to 13,09
years) for Brazil population was estimated based on data from five studies, summarizing data
recorded from 1972 to 1992 (147), using Bayesian multilevel modeling to perform a meta-
analysis. Players classified as having early or late maturation were those whose age at menarche
was minus or plus one year from the mean of age at menarche for the Brazilian population. To
the best of our knowledge the reference data, even if somewhat outdated, is the available data
for the regions of the present sample. Hence, caution is warranted given the secular trend of
declining age at menarche (148), likely associated with the potential influences of
environmental sources on age at menarche, such as nutritional status, ethnicity, family size,
socio-economic background, among others. (149-151).
Years of experience in formal basketball training and age when players first took part
in organized basketball practices were obtained by interview of the players and confirmed with

their coaches and parents.
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Stature was measured with a portable stadiometer (Seca model 206, Hanover, MD,
USA) to the nearest 0,1 cm. Body mass was measured with a calibrated portable balance (Seca
model 770, Hanover, MD, USA) to the nearest 0,1 kg. Reliability estimates for the observer are
published elsewhere (152).

To examine functional performance we used the vertical jump with countermovement
(153), a short-term maximal running protocol, the Line drill (LD) test (154, 155) and an
intermittent endurance test, the Yo-Yo Intermittent Recovery Level 1 test (Yo-Yo IR1) (156).
We considered the sum of the z-scores as an estimate of overall performance, i.e., functional
performance index (lower-limb explosive strength, agility, and anaerobic power, and
intermittent endurance). Note that z-scores were reversed for the LD performance; as lower
times indicate better performance. The vertical jump with countermovement was tested on a
jump mat (Multisprint System, Hidrofit, Brazil). Players started from an upright standing
position and were instructed to begin the jump with a downward movement, which was
immediately followed by a concentric upward movement, resulting in a maximal vertical jump.
During jumping, hands were held on the hips during all phases of the jumping. Vertical jump
was recorded in centimeters. In the LD protocol players ran 140 m as fast as possible in the
form of four consecutive shuttle sprints of 5.8, 14.0, 22.2 and 28.0 m within a regulation
basketball court. Players began the test one meter behind the baseline of the basketball court,
where a pair of photoelectric cells (Multisprint System, Hidrofit, Brazil) was aligned with the
baseline. Time was recorded in seconds. The Yo-Yo IR1 protocol is based on repeated 2 x 20-
m runs back and forth between the starting, turning, and the finishing line at a progressively
increased speed controlled by audio bleeps from a tape recorder. The athletes have a 10-s active
rest period between each bout, jogging at a distance of 2 x 5-m. Players ran until they were no
longer able to maintain the required speed; the test was completed when athletes failed twice to
reach the finishing line in time. The covered distance was measured in meters. Tests were
performed in two sessions separated by at least 48 hours, where the first session included the
vertical jump and LD test, and the second session the Yo-Yo IR1. A standardized warm-up was
taken by all athletes before testing. Details about the functional performance procedures and
reliability estimates are available elsewhere (130, 152, 157, 158).

Psychobehavioural factors were assessed using the Work and Family Orientation
Questionnaire (86), the Deliberate Practice Motivation Questionnaire (19), and the Sources of

Enjoyment in Youth Sports (159). The Work and Family Orientation Questionnaire is
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composed of 19 items, rated on a 5-point Likert scale (1=completely disagree to S=completely
agree), assessing four dimensions of achievement: personal unconcern, work, mastery, and
competitiveness. For the present study, we only used the last three subscales in the present
study, consistent with previous observations with similar samples of youth basketball (21, 130,
152). The Deliberate Practice Motivation Questionnaire was originally designed for chess (18,
19). The questionnaire is composed of 18 items, similarly rated on a 5-point Likert scale,
considering two dimensions of deliberate practice: will to compete and will to excel. We used
an adapted version for basketball, translated and validated to Portuguese (21). The reliability of
the adapted Portuguese version has been reported with data in youth basketball from the same
age range of the present study elsewhere (21). The Portuguese version (160) of the Sources of
Enjoyment in Youth Sport Questionnaire (159) was used in this study. The questionnaire has
28 items and examines five dimensions: self-referenced competencies, others-referenced
competencies, effort expenditure, affiliation with peers and positive parental involvement. Each
questionnaire item is rated on a 5-point Likert scale (1=completely disagree to 5=completely
agree). The questionnaire showed good reliability (160).
Data analysis

Modeling approach. We used multilevel regression and poststratification (142)
estimation to examine variation by competitive level and age group for chronological age,
anthropometric dimensions, age at menarche, functional performance, motivation for
achievement and competitiveness and sources of enjoyment in youth sports among the Brazilian
female basketball players. The outcome of each player was estimated as a function of her
individual characteristics, i.e. age group, menarcheal status, and competitive level (for player i,

with indexes j, k, and / for age group, menarcheal status, and competitive level, respectively):

_ no age group menarcheal status competitive level
yi= B+ a; + agf T o

The terms after the intercept are modeled as group effects (also referred to as random

effects) drawn from normal distributions with variances to be estimated from the data:

a;_‘[sil]e group N (0, aﬁge group)> forj=1,2,3

menarcheal status 2 _
Al ~N (0, 0 enarcheal status)> ot k=1,2,3

competitive level 2 _
il ~N (0, 0 competitive tever), for [=1,2.
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Considering the influence of body mass and training experience on functional
performance (40, 65, 161), we added body mass and years of training experience as a
population-level effect when modeling functional performance outcomes. As for
psychobehavioural outcomes, added years of training experience as a population-level effect.
In these cases, we standardized all variables in the models for computational and interpretative
convenience.

Prior distributions. We used non-informative priors for population-level effects and
weakly informative prior distributions for group-level, normal priors (0,2). The choice of priors
was made to allow the models to converge. We also intended for the results to reflect the
knowledge available on the data.

Model-checking and computation. We used posterior predictive checks to compare
models estimates with observed data, to ensure we had not overfitted our data (162). For each
model, we run two chains for 2,000 iterations with a warm-up length of 1,000 iterations.
Bayesian estimations were implemented via R statistical language (163), with “brms” package

(123) which call Stan (122).

4.3 RESULTS

Descriptive statistics of young Brazilian female basketball players are summarized in
Table 7. Fourteen players had not attained menarche at the time of observation. There was no
substantial variation in the outcome variables by menarcheal status. Hence, we report estimates
based on models considering aggregation by age group and competitive level. Poststratified
estimates and 95% credible intervals for young female players considering both competitive
level and age groups are summarized in Table 6. An advantage of Bayesian methods lies in the
possibility of direct probabilistic comparisons of the posterior estimates and respective credible
intervals.

Conditional on the data, the posterior estimates showed no substantial differences for
chronological age and distance to menarche, considering players by competitive level in each
age group. For accumulated training experience in basketball, state-level players had higher
experience in all age groups. For body size, state-level players were slightly higher than club
level players, about 5 cm across all age groups. No substantial variation was observed between

competitive levels across the age groups.
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Conditional on the data, it was apparent that state-level female players showed better
performance for vertical jump, Line Drill test, Yo-Yo IR1 performance and overall performance
score than club level players. Considering age variation between players (Table 6), standardized
differences between players by competitive level were at least large (see Figure 1). However,
when body mass and training experience were accounted for, standardized differences by
competitive level become trivial. Particularly, years of experience had a substantial positive
relation with Line drill performance (population-level estimate = -0,37, 95% CI: -0,59 to -0,15;
note that a negative exponent indicates a better time performance). As for jump, intermittent
endurance and overall performance score, standardized differences between players by
competitive level were at least large remained large and, in particular, independent of years of
training experience. Furthermore, body mass had a negative substantial association with vertical
jump (population-level estimate = -0,38, 95% CI: -0,66 to -0,11), Yo-Yo IR1 performance
(population-level estimate = -0,24, 95% CI: -0,43 to -0,06) and overall performance score
(population-level estimate = -0,26, 95% CI: -0,45 to -0,06).

As for the Deliberate Practice Motivation Questionnaire dimensions, there was a slight
trend of decrease in the scores with the increase in age groups in both competitive levels, but
there was no substantial variation between players by competitive level. As for Work and
Family Orientation Questionnaire dimensions, only for competitiveness dimension was
observed a trend of higher scores for players of state level, across all age groups. Also, this
effect for competitiveness was independent of years of experience in basketball. Years of
experience in basketball had a negative association with will to compete score (population-level
estimate = -0,29, 95% CI: -0,56 to -0,04), from Deliberate Practice Motivation Questionnaire,
and the work score (population-level estimate = -0,27, 95% CI: -0,52 to -0,03), from the Work
and Family Orientation Questionnaire score.

As for Sources of Enjoyment in Youth Sports, all players presented a trend of high
scores in all dimensions. There was no substantial influence of players' menarcheal status,
competitive age-group, and accumulated training experience, except for other-referenced
competences, on dimensions of sources of enjoyment. For other-referenced competences, more
experienced players from the state-level had higher scores compared with less experienced and
from club level players. On the other hand, club level players had substantially higher scores

for self-referenced competences than state-level players.
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Club level

State-level

under 13

under 15

under 17

under 13

under 15

under 17

Chronological age, yrs
Distance to age at menarche, yrs®

Year of experience in basketball, years

12,6 (12,5 to 12.8)
0,04 (0,63 to 0,71)
2,17 (1,57 t0 2,17)

14,9 (14,6 to 15,1)
2,07 (1,39 to 2,75)
422 (3,47 to 4,94)

16,8 (16,4 to 17,1)
4,75 (3,69 to 5,81)
5,30 (4,28 t0 6,37)

13,1 (12,8 to 13,5)
0,38 (0,50 to 1,39)
5,54 (4,54 t0 6,55)

15,4 (15,1 to 15,7)
2,40 (1,54 to 3,35)
7,59 (6,60 to 8,52)

17,3 (16,9 to 17,6)
5,08 (4,07 to 6,06)
8,67 (7,62 to 9,70)

Stature, cm

Body mass, kg

159,8 (1577 to 161,9)

50,8 (51,1t0 57,3)

1652 (162,5 to 167.5)
60,5 (57,1 to 64,2)

163.,4 (160,4 to 166,6)

60,3 (55,6 to 65,6)

166,0 (162,7 to 169,6)

59,2 (54,1 to 64,5)

171,4 (168,1 to 174,6)

65,5 (60,9 to 70,2)

169,5 (166,1 to 173,0)
65,3 (60,3 to 70,5)

Countermovement jump, cm
Line drill test, s
Yo-yo IR1, m

Performance score, z-score

23,7 (22,1 t0 25,2)

36,61 (36,02 to 37,13)
477,6 (423,3 to 531,4)
-1,13 (-1,76 to -0,49)

24,7 (23,0 10 26,6)
35,00 (34,28 to 35,67)
536,9 (474,9 to 600,3)

0,10 (-0,68 to 0,88)

24,9 (22,8 to 27.4)

34,99 (33,92 36,09)
5779 (490,5 to 671,6)
0,32 (-0,71 to 1,35)

26,5 (23,9 to 29,0)

35,53 (34,51 to 36,54)
561,4 (4684 to 654,3)
0,33 (0,72 to 1,41)

27,6 (25,0 to 30,0)

33,88 (32,96 to 34,79)
620,8 (540,4 to 702,8)

1,58 (0,61 to 2.,49)

27,7 (25.2 10 30.,4)
33,91 (32,94 to 34,95)
661,9 (571,9 to 759.4)

1,78 (0,75 to 2.80)

Deliberate Practice Motivation

Will to excel, 1-5

Will to compete, 1-5

Achievement and competitiveness motivation
Mastery, 1-5

Work, 1-5

Competitiveness, 1-5

421 (3,94 to 4,47)
4,43 (4,24 to 4,64)

4,06 (3,89 to 4,24)
436 (4,18 to 4,53)
3,42 (3,190 3,62)

3,61 (3,32 t0 3,88)
4,09 (3,89 to 4,29)

4,00 (3,80 to 4,19)
4,26 (4,06 to 4.45)
3,55 (3,33 t0 3,78)

3,58 (3,17 to 3,82)
4,03 (3,75 to 4,31)

4,12 (3,87 to 4,35)
4,19 (3,92 to 4,44)
3,61 (3,33 t0 3,94)

4,38 (3,99 to 4,78)
4,46 (4,17 to 4,75)

4,12 (3,87 to 4,38)
4,26 (3,97 to 4,53)
3,74 (3,41 to 4,06)

3,78 (3,42 to 4,14)
4,11 (3,85 to 4,36)

4,05 (3,79 to 4,31)
4,15 (3,89 to 4,40)
3,87 (3,55 to 4,20)

3,74 (3,33 to 4,16)
4,06 (3,75 to 4,36)

4,13 (3,86 to 4,42)
4,09 (3,78 to 4,37)
3,93 (3,60 to 4,28)

Sources of enjoyments in youth sports
Self-referenced competencies, 1-5
Others-referenced competencies, 1-5
Effort expenditure, 1-5

Affiliation with peers, 1-5

Positive parental involvement, 1-5

4,54 (4,35 t0 4,73)
3,43 (3,19 t0 3,67)
4,73 (4,60 to 4,86)
4,48 (4,28 10 4,68)
4,57 (4,36 t0 4,78)

4,59 (4,37 to 4,83)
3,39 (3,11 to 3,67)
4,68 (4,51 to 4,82)
4,41 (4,16 t0 4,63)
4,39 (4,13 to 4,62)

4,60 (4,30 to 4,94)
3,38 (3,38 o 3,74)
4,71 (4,49 to 4,93)
4,39 (4,02 to 4,68)
4,37 (3,98 to 4,70)

3,93 (3,61 t0 4,22)
4,12 (3,75 to 4,48)
4,82 (4,65 t0 5,02)
4,39 (4,02 0 5,02)
4,71 (4,42 t0 5,03)

3,98 (3,69 to 4,29)
4,08 (3,73 to 4,43)
4,77 (4,59 to 4,96)
4,62 (4,34 10 4,91)
4,53 (4,23 t0 4,81)

3,99 (3,69 to 4,29)
4,06 (3,67 to 4,42)
4,81 (4,61 to0 5,02)
4,60 (4,34 t0 4,91)
4,51 (4,19 t0 4,81)

2 It was not possible to retain age at menarche at the time in 14 of the players that had not attained menarche at the observation date.
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Table 7. Characteristics of the total sample of young female basketball players.

All sample Club level State level

(n=114)* (n=284) (n=30)
Chronological age, yrs 14,5 (14,3 to 14,6) 14,2 (14,0 to 14,3) 15,4 (15,1 to 15,7)
Age at menarche attainment, yrs 11,8 (11,5 to 12,1) 11,8 (11,7 to 11,9) 12,0 (11,7 to 12,2)
Distance to age at menarche, yrs 2,85 (2,67 to 3,03) 2,64 (2,43 to 2,86) 3,35 (2,99 to 3,69)
Year of experience in basketball, yrs 4,5 (4,2 t0 4,8) 3,5(3,2t03,8) 7,4 (7,0 to 7,9)
Stature, cm 164,1 (163,4to 164,9) 162,3 (161,5t0 163,1) 169,3 (168,0 to 170,7)
Body mass, kg 59,1 (58,2 to 60,2) 57,4 (56,3 to 58,7) 64,0 (61,9 to 66,0)
Countermovement jump, cm 25,6 (25,2 t0 26,0) 24,9 (24,5 to 25, 4) 27,5 (26,7 to 28,2)
Line drill, s 35,42 (35,16 to 35,67) 35,30 (35,50 to 36,11) 34,30 (33,79 to 34,39)
Yo-yo IR1, m 541,5 (523,0 to 561,5) 512,6 (462,2 to 534,8) 619,8 (584,2 to 654,1)
Performance score, z-score 0,33 (-2,23 t0 2,92) -0,48 (-0,97 to 0,03) 1,27 (0,42 to 2,07)
Deliberate practice motivation
Will to excel, 1-5 3,90 (3,72 to 4,08) 3,88 (3,68 to 4,06) 3,95 (3,65 t0 4,27)
Will to compete, 1-5 4,23 (4,11 to 4,36) 4,23 (4,10 to 4,38) 4,21 (3,98 to 4,44)
Achievement and competitiveness motivation
Mastery, 1-5 4,06 (3,90 to 4,17) 4,04 (3,90 to 4,17) 4,09 (3,90 to 4,31)
Work, 1-5 4,27 (4,14 t0 4,39) 4,30 (4,16 to 4,45) 4,17 (3,91 t0 4,39)
Competitiveness, 1-5 3,58 (3,44 t0 3,72) 3,49 (3,32 t0 3,64) 3,86 (3,57 t0 4,12)
Sources of enjoyments in youth sports
Self-referenced competencies, 1-5 4,36 (4,12t0 4,51) 4,56 (4,40to0 4,73) 3,97 (3,73 to 4,20)
Others-referenced competencies, 1-5 3,74 (1,81 to 5,89) 3,41 (3,20 t0 3,61) 4,08 (3,77 to 4,38)
Effort expenditure, 1-5 4,51 (4,36 to0 4,65) 4,45 (4,27 to 4,62) 4,63 (4,41 to 4,87)
Affiliation with peers, 1-5 4,74 (4,65 t0 4,83) 4,70 (4,59 to 4,81) 4,81 (4,66 t0 4,97)
Positive parental involvement, 1-5 4,52 (4,38 t0 4,66) 4,48 (4,33 t04,79) 4,56 (4,34 t0 4,79)

2 It was not possible to retain age at menarche at the time in 14 of the players that had not attained menarche at
the observation date.

Posterior estimates and uncertainty (95% and 50% credible intervals) were plotted by
competitive level, accounting for variation by age group, for maturity indicator and training
experience (Figure 1), body size (Figure 2), functional performance (Figure 3), Deliberate
Practice Motivation Questionnaire dimensions (Figure 4), Work and Family Orientation
Questionnaire dimensions (Figure 5) and Sources of Enjoyment for Youth Sports (Figure 6).
Given the direct probabilistic comparisons of the posterior estimates and respective credible
interval, and conditional on the data, players selected for state-level had more accumulated
experience in basketball, were taller (likely also slightly heavier) and with better functional

performance, with higher scores for competitiveness compared to club level players, and



50

referenced their competence against their peers. On the other hand, players from club level

showed higher values of self-referenced competencies compared to state-level players.
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Figure 1. Posterior estimations for age by competitive level, considering variation between age groups
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Figure 2. Posterior estimations distance to menarche by competitive level, considering variation between age
groups
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Figure 3. Posterior estimations for years of training experience by competitive level, considering variation
between age groups
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Figure 4. Posterior estimations for stature by competitive level, considering variation between age groups
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Figure 5. Posterior estimations for body mass by competitive level, considering variation between age groups
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Figure 6. Posterior estimations for countermovement jump by competitive level, considering variation between
age groups
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Figure 7. Posterior estimations for Line Drill test by competitive level, considering variation between age groups
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Figure 8. Posterior estimations for Yo-Yo IR1 by competitive level, considering variation between age groups
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Figure 9. Posterior estimations for Line Drill test by competitive level, considering variation between age groups
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Figure 10. Posterior estimations for Will to excel scores by competitive level, considering variation between age
groups
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Figure 11. Posterior estimations for Will to compete scores by competitive level, considering variation between
age groups
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Figure 12. Posterior estimations for mastery scores by competitive level, considering variation between age
groups.
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Figure 13. Posterior estimations for work scores by competitive level, considering variation between age groups
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Figure 14. Posterior estimations for competitiveness scores by competitive level, considering variation between
age groups
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Figure 15. Posterior estimations for self-referenced competences scores by competitive level, considering
variation between age groups
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Figure 16. Posterior estimations for others referenced competences scores by competitive level, considering
variation between age groups
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Figure 17. Posterior estimations for effort expenditure scores by competitive level, considering variation
between age groups
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Figure 18. Posterior estimations for affiliation with peers scores by competitive level, considering variation
between age groups
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Figure 19. Posterior estimations for positive parental involvement scores by competitive level, considering
variation between age groups
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4.4 DISCUSSION

There is limited interdisciplinary research considering youth sports development
despite its great interest in sport sciences, even more considering female players (131).
Furthermore, there is an overemphasis on selection and talent development when considering
young athletes. Hence, our use of competitive level as a discriminant factor is instrumental,
must be regarded as a tool aiming to illustrate the selective bias that can influence coaches’
decisions and the continuity of participation in sport.

In the present study, we focused on variation in accumulated basketball training
experience, body size, functional performance, deliberate practice motivation, achievement and
competitiveness motivation and sources of enjoyment in youth women’s basketball,
partitioning for individual biological (maturity status) and sport-specific accumulated
experience variation, as well as contextual variation (competitive age groups and competitive
level). Hence, we used Bayesian multilevel modeling to account for individual and contextual
sources of variation. Within the present poll of club level female adolescent players, those
selected for state-level teams had more accumulated training experience, were taller and
heavier, and had better physiological performance, particularly in jump and Line drill test.
There were no differences between players by competitive level for menarcheal status within
age groups. As for psychological skills, particularly motivation for deliberate practice and
achievement, we observed that the young female basketball players had high motivation values,
regardless of their competitive level. An important finding was that the competitiveness
dimension observed in state-level players showed higher scores compared to their club level
peers. Although the young female basketball players in the present sample had high values in
all dimensions of enjoyment in sports, playing in different competitive levels appears to exert
a contrasting influence on how players evaluate their competence. While club level players
value self-referenced competencies more, state-level players value more others-referenced
competencies, i.e., how they compare their skill or performance with others.

Body dimensions of the adolescent female basketball players, on average, were
comparable with age-specific 75th to 95th percentiles for stature, and comparable with age-
specific 50th to 75th percentiles for body mass of US reference data (164). However, when
matched with basketball samples, even the taller players selected for the higher competitive
level and the older age groups (under-15 and under-17) teams in the present study had lower

values for stature, on average, compared to adolescent female players from state and national
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level in Australia (119), or with players attaining amateur level (165), professional level at adult
level (166), or elite adult level considering as reference data from the Women’s World
Basketball Championships, held in Australia in 1994 (167).

Adding to the previous observations, age at menarche in the present sample was, on
average, 11,8 (95% CI: 11,5 to 12,1 years). Hence, attained the age at menarche in the present
sample was earlier than observations based on Brazilian data (65, 147) and worldwide
observations (168). Consistent with previous observations that included part of the sample in
the present study (65, 74), the female basketball players considered in the study were, on
average, advanced in maturity status. However, there was no substantial variation by
competitive level in the players” age at menarche (see Table 7). These results suggest that the
overrepresentation of early maturing girls in competitive basketball at the early ages of selection
is independent of the competitive level.

Due the scarce data available in female youth basketball, specially considering growth-
related changes and youth development, comparative data are limited. Our observations were
also consistent with recent data in female Portuguese basketball, showing a trend of
overrepresentations of early maturing girls within the teams selected to represent regional teams
at the national championship (169). However, caution is warranted in the interpretation of the
Portuguese data, as acknowledged by the authors, as maturity status estimations were based on
the maturity offset protocol, which has limited validity (73). The present data suggest that early
maturing, bigger girls may be advantaged to be retained within youth basketball programs. At
least in the context of our observation, basketball coaches should consider training strategies to
allow late-maturing girls to remain engaged in sport. Particularly for stature, a late-maturing
girl may have a greater potential to attain higher adult stature (170).

On the other hand, young female players selected to represent the state teams had more
accumulated experience. Conditional on the data, the more advanced “sports age” was also
relevant to explain differences between players by competitive level across all age groups
observed. Also, more experienced female players had better functional performance,
independent of their competitive level. These observations were consistent with previous cross-
sectional and longitudinal data (65, 74). Hence, the results imply that early specialization in
female youth basketball may provide an advantage for functional capacities development.
Adding to probable size advantages of early maturing girls, emphasis on early performance may

be a contributing factor for the overrepresentation of early maturing girls across the observed
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age groups. Particularly at early age groups, coaches should be cautious interpreting players”
performance (i.e., excluding or promoting), given the influence of accumulated training
stimulus on functional performance combined with pronounced increases in functional
performance during pubertal growth (74).

Partitioning the influence of training experience on functional performance, the female
players selected for the state team had better functional performance, in particular, maximal
short-term performance (i.e., vertical jump and Line-drill test). These observations were
consistent with the limited data available considering functional performance with female
adolescent basketball players. It has been noted that female adolescent players from the national
level had better short-term outputs compared with state-level players within the Basketball
Australia’s State and National programs (119). Allowing for differences in procedures, it was
also noted among contrasting levels of female under-14 players that players from the best
ranked regional teams in the annual Portuguese Festival of Youth Basketball had better overall
functional performance (169). However, the limited data available did not account for the
confounding influence of maturity status and training experience on functional performance.

Youth sports developmental models often consider psychological dispositions and
mental skills, besides motivation characteristics (171). Given the importance of accumulated
training experience on the functional performance of young athletes, and likely influence on
sport selection, the deliberate practice framework is generally assumed in the context of youth
sports programs in team sports, such as basketball. Hence, personality-related dispositions and
skills such as motivation characteristics, achievement and competitiveness motivation or
deliberate practice motivation may provide important insights about the dispositions to be
engaged and committed to a long and rocky road of more specialized and demanding practice
for aspiring elites.

Conditional on the data, the Brazilian adolescent female basketball players showed
high scores across the dimensions of deliberate practice motivation and achievement and
competitiveness motivation. However, state-level players only had substantially higher values
for competitiveness dimension compared to club level players, across all age groups. These
observations contrast with the comparable data considering under-16 female Portuguese players
from the national training centers of the Portuguese Basketball Federation, and from clubs
competing at a national level (21). In the Portuguese sample, players from the Portuguese

Federation training centers centers had substantially higher scores for almost all dimensions of
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deliberate practice motivation and achievement and competitiveness motivation compared to
players from clubs competing at the national level. These divergences might reflect the
contextual differences between youth and adult basketball between the observed countries.
Within the Portuguese context, a path to achieve professional adult basketball for both players
from high-performance centers of the Portuguese Basketball Federation training centers and the
national level players was available and proposed for players. In contrast, a path to achieve a
professional adult level in female Brazilian basketball remains less clear nowadays for the
young female players in the present sample. This may explain the trend of lower scores in all
motivation dimensions, as age groups were older, independent of accumulated experience. The
young athletes could potentially perceive the limited opportunities to remain engaged in
competitive female basketball.

Overall the female adolescent basketball players in the present sample perceived their
experience in organized basketball structured practice as enjoyable. As noted in another context
of sports practice (22), the present observations do not fit well with the deliberate practice
framework, mostly based on musicians’ expertise (24). Interestingly, it appears that there is a
contrast in the players” enjoyment source for referenced competence related to the different
competitive levels environments. Also, there was a relation between accumulated years of
experienced and other-referenced competences. These observations suggest that coaches should
be aware that with the increase in training experience and competitive level female adolescent,
players may find more enjoyable to compare themselves against their peers and be valued by
their improved performance or ability against their peers.

Conditional on the data, the Brazilian youth female basketball contexts appear to
provide a nurturing environment for players” development. Overall, the female adolescent
players were highly motivated for deliberate practice, achievement, and competitiveness, and
perceived their experience in structured basketball practice sports as highly enjoyable. These
observations considering psychological dispositions of adolescent female basketball players are
of particular relevance given the recent calls promoting bio-banding as a new paradigm for
youth sports and training. Our data highlight the need for caution when assuming that youth
sports training and competitive environments have a negative influence on young players’

psychological dispositions, and consequently potentially leading to dropout.
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4.5 CONCLUSION

Assuming an interdisciplinary perspective, it was apparent in the present sample that
adolescent female basketball players selected for higher competitive levels had more
accumulated experience, were taller and with better functional performance. All players were
similarly highly motivated for deliberate practice and to achievement and perceived their
experience in structured youth basketball as highly enjoyable. Overall, the present data
highlight the relation between functional performance and psychological dispositions of
adolescent female basketball players with biological characteristics and contexts of practice
(e.g., accumulated training experience or different competitive levels). The context of
structured youth female basketball potentially provides a positive environment for players’
engagement and commitment to training and excellence attainment. Conditional on the data,
youth female coaches tend to value (probably overvalue) size and function when
selecting/promoting players, even at early age groups. Hence, coaches should refine their
pedagogical strategies, accounting for the importance of the interactions among physical growth
and biological maturity status, functional performance, and psychological characteristics,

particularly among female adolescent athletes.
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5 GENERAL DISCUSSION

Brazilian basketball is mainly organized in clubs and associations, where those players
who are engaged in their programs and able to access their training facilities tend to be pre-
selected to represent formal competitive teams. On the other hand, youth basketball is
commonly proposed to develop young players to compose professional level teams or to
promote sports practice in socially disadvantaged contexts. The limited number of national-
level clubs and the dearth of professional-level basketball contexts offers limited opportunities
for new players to achieve higher levels, especially for female basketball players. Therefore,
with an unclear path for progression to achieve professional adult basketball, players may tend
to decrease their motivation for achievement and competitiveness as their chronological age
and training experience increase.

The available data in youth sports lacks empirical studies considering the
multifactorial aspects that have some kind of influence on young athletes’ development and
progression. Most of the purposed developmental models are based in unidimensional
approaches, favoring the potential of one aspect despite its relationship and integration with
others. These simple interpretations may cause misunderstandings in youth sports organizations
due to its superficial significance of variables in youngs development. On the other hand,
available data considering young athletes are often interpreted based on traditional analytical
approaches (i.e., single-level regression based models). Multilevel modeling provides a flexible
and powerful approach that overcomes the limitations and restrictive assumptions of traditional
single level regression models. Also, there is an intense ongoing discussion about the limits of
frequentists inference (null hyphotesis testing), and how its limitations and missuse has
contributed to the recently recognized statistical crisis in science. Also, in sport sciences the
discussion is ongoing, mainly due to the proliferation in sport sciences studies of an alternative
to null hypothesis testing and p-values, i.e., the magnitude based-inference. Recently the flaws
of the approaches have been demonstrated and its use has been strongly recommended.
Alternatively, Bayesian methods may be helpful in sport science research, especially in youth.
Bayesian methods allow for intuitivly make direct probabilistic comparisons of the posterior
estimates and respective credible intervals. Altogether, Bayesian multilevel modeling allows us
to consider the multivariate influence of different timing and tempo of confounding factors as

growth, maturation, psycho-behavioral components, training context and sports experience,
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potentially providing deeper insights for coaches and stakeholders to embrace their pedagogical
intervention in youth training programs.

Conditional to our data, our estimations highlight an overrepresentation of early
maturers for male and female young basketball players. Pubertal growth timing and tempo may
influence athletes’ physical development. As taller and bigger players, they must have better
performance scores at that time, which by no mean indicate or predict future potential
performance. Apparently, the youth basketball system selects players from early ages to
represent clubs in formal competitions promoted by state-level official federations, showing an
overemphasis on the early performance of adolescent players. This overestimation may be a
contributing factor to cause the overrepresentation of early maturers and the promotion of early
performers. At least in the context of our observation, youth basketball coaches should consider
training strategies and opportunities to allow late-maturing players to remain engaged in sport.
As long-term development could decrease the apparent differences in early ages.

Our findings showed that more accumulated experience in basketball training (i.e.
early specialization) was an advantage for young players to keep engaged in a training program
or to be promoted to state-level selection. Caution should be taken by coaches and stakeholders
when interpreting players’ performance (i.e., excluding or promoting), given the influence of
accumulated training stimulus on functional performance combined with pronounced increases
in functional performance during pubertal growth. Years of training experience also showed an
influence in motivation for deliberate practice, achievement and competitiveness dimensions.
It seems that the training environment and the time youth spent engaged in its activities
influence their behavioral and psychological development. Hence, adolescent athletes are likely
shapen by their sport environment.

As for future athletes’ development, it is accepted that if athletes keep engaged in
formal training structures for a long time, they will be able to achieve higher levels of
performance. It is reasonable that high levels of motivation to accomplish time and effort
demanding tasks may determine potential achievement and excel. Apparently, as higher the
motivation scores, better is the chance to progress in a basketball career. High levels of
motivation were showed by athletes considered in both studies. However, our data highlights
that persisters were more motivated in competitiveness and will to excel dimensions (see
section 3). This trend was also apparent for the adolescent female players. Perhaps, this is one

characteristic that coaches recognize and influence their decisions.
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The athletes who were selected to represent the state-level team were compared with
those who played only in club-level competitions (see section 4). The selection process is
mostly determined by the coaches of some of the clubs that participated in state competition for
each age group. Apparently, coaches selected players who had better characteristics to perform
at that moment. Nevertheless, there was no apparent variation between state-level and club-
level players for chronological age and in maturity status, but state-level players were taller,
heavier, more experienced and had better functional performance scores. This corroborates the
argument that coaches mainly interpret and decide about their young atletes based on snapshots
of narrow and likely performance related information.

Overall, female adolescent basketball players in the present study perceived their
experience in organized basketball structured practice as enjoyable. Interestingly, it appears that
there is a contrast in athletes' enjoyment source for referenced competence related to
competitive level engagement by competitive context. State-level players showed higher
enjoyment for others referenced competences, while club-level players showed a higher level
of self-referenced competencies enjoyment. In general, it highlights the need for caution when
assuming that youth sports training and competitive environments have negative influences on
young players’ psychological dispositions, and consequently other risks.

Assuming the limitations of the assessment of performance in basketball, especially
the unavailability of in-game situations analysis, we could find good information about youth
sports. Using a multidimensional approach, data could provide a better interpretation of the
determinants of Brazilian young basketball players' progression and promotion. Our data
suggest that youth basketball organization tend to value early performance and has just a
shallow interpretation of young athletes potential future achievement level. Besides the
influence of competition at an early age, the environment athletes are engaged seems to
influence their perceptions, motivation for deliberate practice, achievement, competitiveness
and enjoyment. Considering the influence of coaches, peers, parents, managers and other

stakeholders, could provide valuable information to discuss youth sports in further studies.



68

6 REFERENCES

1.Abbott A, Button C, Pepping GJ, Collins D. Unnatural selection: talent identification and
development in sport. Nonlinear dynamics, psychology, and life sciences. 2005;9(1):61-88.
2.Barreiros A, Coté J, Fonseca AM. From early to adult sport success: Analysing athletes'
progression in national squads. European Journal of Sport Science. 2014;14(sup1):S178-S82.
3.Baker J, Schorer J, Wattie N. Compromising Talent: Issues in Identifying and Selecting
Talent in Sport. Quest. 2017:1-16.

4.Gongalves CE, Rama LM, Figueiredo AJ. Talent identification and specialization in sport: an
overview of some unanswered questions. International journal of sports physiology and
performance. 2012;7(4):390-3.

5.Baker J, Schorer J, Wattie N. Compromising Talent: Issues in Identifying and Selecting
Talent in Sport. Quest. 2018;70(1):48-63.

6.Bailey R, Collins D. The Standard Model of Talent Development and Its Discontents.
Kinesiology Review. 2013;2(4):248-59.

7.Lloyd RS, Oliver JL, Faigenbaum AD, Howard R, De Ste Croix MBA, Williams CA, et al.
Long-Term Athletic Development- Part 1: A Pathway for All Youth. The Journal of Strength
& Conditioning Research. 2015;29(5):1439-50.

8.Coté J, Baker J, Abernethy B. Practice and play in the development of sport expertise.
Handbook of sport psychology. 2007;3:184-202.

9.Bailey R, Collins D, Ford P, MacNamara A, Toms M, Pearce G. Participant development in
sport: An academic review. Sports Coach UK. 2010;4:1-134.

10.Gagné F. Constructs and models pertaining to exceptional human abilities. International
handbook of research and development of giftedness and talent. Elmsford, NY, US: Pergamon
Press; 1993. p. 69-87.

11.Bailey R, Morley D. Towards a model of talent development in physical education. Sport,
Education and Society. 2006;11(3):211-30.

12.Balyi I. Long-term Athlete Development-the system and solutions.

13.Gongalves CE, Figueiredo A, Silva M. Multidimensional analysis of drop-out in youth
basketball: two-year follow-up among Portuguese initiates. In: Jurimae T, Armstrong N,
Jurimae J, editors. Children and Exercise XXIV: the procedings of the 24th Pediatric Work
Physiology Meeting. Abingdon, Oxon: Routledge; 2009. p. 190-3.

14 Elferink-Gemser MT, Visscher C, Lemmink KA, Mulder TW. Relation between
multidimensional performance characteristics and level of performance in talented youth field
hockey players. Journal of sports sciences. 2004;22(11-12):1053-63.

15.Sieghartsleitner R, Zuber C, Zibung M, Conzelmann A. Science or Coaches' Eye? - Both!
Beneficial Collaboration of Multidimensional Measurements and Coach Assessments for
Efficient Talent Selection in Elite Youth Football. Journal of sports science & medicine.
2019;18(1):32-43.

16.Cumming SP, Lloyd RS, Oliver JL, Eisenmann JC, Malina RM. Bio-banding in Sport:
Applications to Competition, Talent Identification, and Strength and Conditioning of Youth
Athletes. Strength & Conditioning Journal. 2017;39(2):34-47.

17.Malina RM, Cumming SP, Rogol AD, Coelho-e-Silva MJ, Figueiredo AJ, Konarski JM, et
al. Bio-Banding in Youth Sports: Background, Concept, and Application. Sports Medicine.
2019:1-15.



69

18.de Bruin AB, Rikers RM, Schmidt HG. The influence of achievement motivation and chess-
specific motivation on deliberate practice. Journal of sport & exercise psychology.
2007;29(5):561-83.

19.de Bruin AB, Smits N, Rikers RM, Schmidt HG. Deliberate practice predicts performance
over time in adolescent chess players and drop-outs: a linear mixed models analysis. Br J
Psychol. 2008;99(Pt 4):473-97.

20.Law MP, Coté J, Ericsson KA. Characteristics of expert development in rhythmic
gymnastics: A retrospective study. International Journal of Sport and Exercise Psychology.
2007;5(1):82-103.

21.Gongalves CE, Silva M, Carvalho HM, Gongalves A. Why do they engage in such hard
programs? The search for excellence in youth basketball. Journal of sports science & medicine.
2011;10(3):458-64.

22.Baker J, Young B. 20 years later: deliberate practice and the development of expertise in
sport. International Review of Sport and Exercise Psychology. 2014;7(1):135-57.

23.Coté J, Vierimaa M. The developmental model of sport participation: 15 years after its first
conceptualization. Science & Sports. 2014;29:S63-S9.

24 Ericsson KA, Krampe RT, Tesch-Romer C. The role of deliberate practice in the acquisition
of expert performance. Psychological Review. 1993;100(3):363-406.

25.Ericsson KA. Deliberate practice and the modifiability of body and mind: Toward a science
of the structure and acquisition of expert and elite performance. International Journal of Sport
Psychology. 2007;38(1):4-34.

26.Malina RM. Early Sport Specialization: Roots, Effectiveness, Risks. Current Sports
Medicine Reports. 2010;9(6):364-71.

27.Baker J, Cobley S, Fraser-Thomas J. What do we know about early sport specialization? Not
much! High Ability Studies. 2009;20(1):77-89.

28.Coté J, Hancock DJ. Evidence-based policies for youth sport programmes. International
Journal of Sport Policy and Politics. 2016;8(1):51-65.

29.Mendes FG, Nascimento JV, Souza ER, Collet C, Milistetd M, Coté J, et al. Retrospective
analysis of accumulated structured practice: A Bayesian multilevel analysis of elite Brazilian
volleyball players. High Ability Studies. 2018;29(2):255-69.

30.Larson HK, Young BW, McHugh T-LF, Rodgers WM. Markers of Early Specialization and
Their Relationships With Burnout and Dropout in Swimming. Journal of Sport and Exercise
Psychology. 2019;0(0):1-9.

31.Read PJ, Oliver JL, De Ste Croix MBA, Myer GD, Lloyd RS. The scientific foundations
and associated injury risks of early soccer specialisation. Journal of sports sciences.
2016;34(24):2295-302.

32.Giillich A. Selection, de-selection and progression in German football talent promotion.
European Journal of Sport Science. 2014;14(6):530-7.

33.DiFiori JP, Benjamin HJ, Brenner JS, Gregory A, Jayanthi N, Landry GL, et al. Overuse
injuries and burnout in youth sports: a position statement from the American Medical Society
for Sports Medicine. British Journal of Sports Medicine. 2014;48(4):287.

34 Jayanthi N, Pinkham C, Dugas L, Patrick B, Labella C. Sports specialization in young
athletes: evidence-based recommendations. Sports Health. 2013;5(3):251-7.

35.Jayanthi NA, LaBella CR, Fischer D, Pasulka J, Dugas LR. Sports-Specialized Intensive
Training and the Risk of Injury in Young Athletes: A Clinical Case-Control Study. The
American Journal of Sports Medicine. 2015;43(4):794-801.

36.Wiersma LD. Risks and Benefits of Youth Sport Specialization: Perspectives and
Recommendations. 2000;12(1):13.



70

37.LaPrade RF, Agel J, Baker J, Brenner JS, Cordasco FA, Coté J, et al. AOSSM Early Sport
Specialization Consensus Statement. Orthop J Sports Med. 2016;4(4):2325967116644241-.
38.Cote J, Ericsson KA, Law MP. Tracing the development of athletes using retrospective
interview methods: A proposed interview and validation procedure for reported information.
Journal of Applied Sport Psychology. 2005;17(1):1-9.

39.Fraser-Thomas JL, Coté J, Deakin J. Youth sport programs: an avenue to foster positive
youth development. Physical Education and Sport Pedagogy. 2005;10(1):19-40.

40.Carvalho HM, Goncalves CE, Collins D, Paes RR. Growth, functional capacities and
motivation for achievement and competitiveness in youth basketball: an interdisciplinary
approach. Journal of sports sciences. 2018;36(7):742-8.

41.Dhuey E, Bedard K. The Persistence of Early Childhood Maturity: International Evidence
of Long-Run Age Effects*. The Quarterly Journal of Economics. 2006;121(4):1437-72.

42 Barnsley RH, Thompson AH, Legault P. Family Planning: Football Style. The Relative Age
Effect in Football. International Review for the Sociology of Sport. 1992;27(1):77-87.
43.Miiller L, Hildebrandt C, Raschner C. The Role of a Relative Age Effect in the 7(th)
International Children's Winter Games 2016 and the Influence of Biological Maturity Status on
Selection. Journal of sports science & medicine. 2017;16(2):195-202.

44 Musch J, Grondin S. Unequal Competition as an Impediment to Personal Development: A
Review of the Relative Age Effect in Sport. Developmental Review. 2001;21(2):147-67.
45.Lovell R, Towlson C, Parkin G, Portas M, Vaeyens R, Cobley S. Soccer Player
Characteristics in English Lower-League Development Programmes: The Relationships
between Relative Age, Maturation, Anthropometry and Physical Fitness. PloS one.
2015;10(9):¢0137238-¢.

46.Figueiredo AJ, Coelho-e-Silva MJ, Cumming SP, Malina RM. Relative age effect:
Characteristics of youth soccer players by birth quarter and subsequent playing status. Journal
of sports sciences. 2018:1-8.

47 Parma JO, Penna EM. The relative age effect on brazilian elite volleyball. Journal of
Physical Education. 2018;29.

48.Silva T, Garganta J, Brito J, Cardoso F, Teoldo I. Influéncia do efeito da idade relativa sobre
o desempenho tatico de jogadores de futebol da categoria sub-13. Revista Brasileira de Ciéncias
do Esporte. 2018;40:54-61.

49.Stracciolini A, Levey Friedman H, Casciano R, Howell D, Sugimoto D, Micheli LJ. The
Relative Age Effect on Youth Sports Injuries. Medicine & Science in Sports & Exercise.
2016;48(6):1068-74.

50.Mann DL, van Ginneken PJMA. Age-ordered shirt numbering reduces the selection bias
associated with the relative age effect. Journal of sports sciences. 2017;35(8):784-90.
51.Cumming SP, Brown DJ, Mitchell S, Bunce J, Hunt D, Hedges C, et al. Premier League
academy soccer players’ experiences of competing in a tournament bio-banded for biological
maturation. Journal of sports sciences. 2018;36(7):757-65.

52.Lerner RM, Lerner JV, Almerigi JB, Theokas C, Phelps E, Gestsdottir S, et al. Positive
Youth Development, Participation in Community Youth Development Programs, and
Community Contributions of Fifth-Grade Adolescents:Findings From the First Wave Of the 4-
H Study of Positive Youth Development. The Journal of Early Adolescence. 2005;25(1):17-71.
53.Reverdito RS, Carvalho HM, Galatti LR, Scaglia AJ, Gongalves CE, Paes RR. Effects of
Youth Participation in Extra-Curricular Sport Programs on Perceived Self-Efficacy: A
Multilevel Analysis. Perceptual and Motor Skills. 2017;124(3):569-83.

54.Vierimaa M, Erickson K, Coté J, Gilbert W. Positive Youth Development: A Measurement
Framework for Sport. International Journal of Sports Science & Coaching. 2012;7(3):601-14.



71

55.Benson PL, Scales PC, Syvertsen AK. The contribution of the developmental assets
framework to positive youth development theory and practice. Adv Child Dev Behav.
2011;41:197-230.

56.Holt NL, McHugh T-LF, Tink LN, Kingsley BC, Coppola AM, Neely KC, et al. Developing
sport-based after-school programmes using a participatory action research approach.
Qualitative Research in Sport, Exercise and Health. 2013;5(3):332-55.

57.Reverdito RS, Galatti LR, Carvalho HM, Scaglia AJ, Coté J, Gongalves CE, et al.
Developmental Benefits of Extracurricular Sports Participation Among Brazilian Youth.
Perceptual and Motor Skills. 2017;124(5):946-60.

58.Coakley J. Youth Sports:What Counts as “Positive Development?”. Journal of Sport and
Social Issues. 2011;35(3):306-24.

59.Gould D, Carson S. Life skills development through sport: current status and future
directions. International Review of Sport and Exercise Psychology. 2008;1(1):58-78.
60.Benson PL. Adolescent development in social and community context: A program of
research. New Directions for Youth Development. 2002;2002(95):123-48.

61.Gobet F, Campitelli G. The role of domain-specific practice, handedness, and starting age
in chess. Developmental Psychology. 2007;43(1):159-72.

62.Hodge T, Deakin JM. Deliberate practice and expertise in the martial arts: The role of
context in motor recall. Journal of sport & exercise psychology. 1998;20(3):260-79.
63.Malina RM, Rogol AD, Cumming SP, Coelho e Silva MJ, Figueiredo AJ. Biological
maturation of youth athletes: assessment and implications. British Journal of Sports Medicine.
2015;49(13):852-9.

64.Gongalves CE, Carvalho HM, Catarino L. Body in movement: better measurements for
better coaching. In: Pill S, editor. Perspectives on athlete-centred coaching. Abingdon, Oxon:
Routledge; 2018.

65.Leonardi TJ, Paes RR, Breder L, Foster C, Gongalves CE, Carvalho HM. Biological
maturation, training experience, body size and functional capacity of adolescent female
basketball players: A Bayesian analysis. International Journal of Sports Science & Coaching.
2018:1747954118772489.

66.Carvalho HM, Silva M, Goncalves CE, Philippaerts RM, Castagna C, Malina RM. Age-
related variation of anaerobic power after controlling for size and maturation in adolescent
basketball players. Annals of human biology. 2011;38(6):721-7.

67.Figueiredo AJ, Gongalves CE, Coelho e Silva MJ, Malina RM. Characteristics of youth
soccer players who drop out, persist or move up. Journal of sports sciences. 2009;27(9):883-
91.

68.Santos AJ, Carvalho HM, Gongalves CE. Personal and ecological factors in school sport : a
multilevel approach. South African Journal for Research in Sport, Physical Education and
Recreation. 2018;40(1):125-40.

69.Santos AJ, Gongalves CE. Sport experience and age group effects on enjoyment and
development assets of youth soccer athletes. Revista Brasileira de Ciéncias do Esporte.
2016;38(2):139-48.

70.Sherar LB, Cumming SP, Eisenmann JC, Baxter-Jones ADG, Malina RM. Adolescent
Biological Maturity and Physical Activity: Biology Meets Behavior. Pediatric Exercise
Science. 2010;22(3):332-49.

71.MALINA RM. Physical Growth and Biological Maturation of Young Athletes. Exercise and
Sport Sciences Reviews. 1994;22(1):280-4.



72

72.Soares ALdA, Leonardi TJ, Reverdito RS, Gongalves CE, Paecs RR, Carvalho HM.
Variabilidade do desempenho no Line-drill test em adolescentes jogadores de basquetebol.
Revista Brasileira de Medicina do Esporte. 2016;22:445-9.

73.Malina R, Claessens AL, Van Aken K, Thomis M, Lefevre J, Philippaerts R, et al. Maturity
Offset in Gymnasts: Application of a Prediction Equation. Medicine & Science in Sports &
Exercise. 2006;38(7):1342-7.

74.Carvalho HM, Leonardi TJ, Soares ALA, Paes RR, Foster C, Gongalves CE. Longitudinal
Changes of Functional Capacities Among Adolescent Female Basketball Players. Frontiers in
Physiology. 2019;10(339).

75.Philippaerts RM, Vaeyens R, Janssens M, Van Renterghem B, Matthys D, Craen R, et al.
The relationship between peak height velocity and physical performance in youth soccer
players. Journal of sports sciences. 2006;24(3):221-30.

76.Malina RM, Silva M, Figueiredo AJ, Carling C, Beunen GP. Interrelationships among
invasive and non-invasive indicators of biological maturation in adolescent male soccer players.
Journal of sports sciences. 2012;30(15):1705-17.

77.Mirwald RL, Baxter-Jones AD, Bailey DA, Beunen GP. An assessment of maturity from
anthropometric measurements. Medicine and science in sports and exercise. 2002;34(4):689-
94.

78.Ben Abdelkrim N, Castagna C, Jabri I, Battikh T, El Fazaa S, Ati JE. Activity Profile and
Physiological Requirements of Junior Elite Basketball Players in Relation to Aerobic-
Anaerobic Fitness. The Journal of Strength & Conditioning Research. 2010;24(9):2330-42.
79.Ben Abdelkrim N, El Fazaa S, El Ati J. Time-motion analysis and physiological data of elite
under-19-year-old basketball players during competition. British journal of sports medicine.
2007;41(2):69-75.

80.Towlson C, Cobley S, Parkin G, Lovell R. When does the influence of maturation on
anthropometric and physical fitness characteristics increase and subside? Scandinavian journal
of medicine & science in sports. 2018;28(8):1946-55.

81.McCunn R, Weston M, Hill JKA, Johnston RD, Gibson NV. Influence of Physical Maturity
Status on Sprinting Speed Among Youth Soccer Players. The Journal of Strength &
Conditioning Research. 2017;31(7):1795-801.

82.Reilly T. Assessments of Young Soccer Players: A Holistic Approach. Perceptual and Motor
Skills. 2006;103(1):229-30.

83.Duffy LJ, Baluch B, Ericsson KA. Dart performance as a function of facets of practice
amongst professional and amateur men and women players. International Journal of Sport
Psychology. 2004;35(3):232-45.

84.Helsen WF, Starkes JL, Hodges NJ. Team sports and the theory of deliberate practice.
Journal of sport & exercise psychology. 1998;20(1):12-34.

85.Sage L, Kavussanu M. The Effects of Goal Involvement on Moral Behavior in an
Experimentally Manipulated Competitive Setting. Journal of Sport and Exercise Psychology.
2007;29(2):190-207.

86.Helmreich RL, Beane W, Lucker GW, Spence JT. Achievement Motivation and Scientific
Attainment. Personality and Social Psychology Bulletin. 1978;4(2):222-6.

87.Tangney JP, Baumeister RF, Boone AL. High Self-Control Predicts Good Adjustment, Less
Pathology, Better Grades, and Interpersonal Success. Journal of Personality. 2004;72(2):271-
324.

88.Tedesqui RA, Young BW. Perspectives on active and inhibitive self-regulation relating to
the deliberate practice activities of sport experts. Talent Development & Excellence.
2015;7(1):29-39.



73

89.Feltz DL, Lirgg CD. Perceived team and player efficacy in hockey. The Journal of applied
psychology. 1998;83(4):557-64.

90.Short SE, Sullivan P, Feltz DL. Development and Preliminary Validation of the Collective
Efficacy Questionnaire for Sports. Measurement in Physical Education and Exercise Science.
2005:;9(3):181-202.

91.Myers ND, Paiement CA, Feltz DL. Regressing Team Performance on Collective Efficacy:
Considerations of Temporal Proximity and Concordance. Measurement in Physical Education
and Exercise Science. 2007;11(1):1-24.

92 Fransen K, Mertens N, Feltz D, Boen F. “Yes, we can!” review on team confidence in sports.
Current Opinion in Psychology. 2017;16:98-103.

93.Macnamara A, Collins D. Development and initial validation of the Psychological
Characteristics of Developing Excellence Questionnaire. Journal of sports sciences.
2011;29(12):1273-86.

94 Macnamara A, Collins D. Do mental skills make champions? Examining the discriminant
function of the psychological characteristics of developing excellence questionnaire. Journal of
sports sciences. 2013;31(7):736-44.

95.MacNamara A, Button A, Collins D. The Role of Psychological Characteristics in
Facilitating the Pathway to Elite Performance Part 1: Identifying Mental Skills and Behaviors.
Sport Psychologist. 2010;24(1):52--73.

96.MacNamara A, Button A, Collins D. The role of psychological characteristics in facilitating
the pathway to elite performance: Part II: Examining environmental and stage-related
differences in skills and behaviors. The Sport Psychologist. 2010;24(1):74-96.
97.Garcia-Naveira Vaamonde A. Autoeficacia y rendimiento en jugadores de futbol. Cuadernos
de Psicologia del Deporte. 2010;18(2):68-78.

98.Martinez-Santos R, Ciruelos O. Collective efficacy, cohesion and performance in Spanish
amateur female basketball. Revista de Psicologia del Deporte. 2013;22(1):235-8.

99.Myers ND, Feltz DL, Short SE. Collective Efficacy and Team Performance: A Longitudinal
Study of Collegiate Football Teams. Group Dynamics: Theory, Research, and Practice.
2004;8(2):126-38.

100.Shearer DA. Collective efficacy at the Rugby World Cup 2015 — The role of imagery and
observation. European Journal of Sport Science. 2015;15(6):530-5.

101.Blakemore S-J, Burnett S, Dahl RE. The role of puberty in the developing adolescent brain.
Human Brain Mapping. 2010;31(6):926-33.

102.Rees T, Hardy L, Giillich A, Abernethy B, C6té J, Woodman T, et al. The Great British
Medalists Project: A Review of Current Knowledge on the Development of the World’s Best
Sporting Talent. Sports Medicine. 2016;46(8):1041-58.

103.Gongalves CE, Carvalho HM, Gongalves A. Achievement and competitiveness in elite
youth basketball: what matters? Journal of Sport Psychology. 2015;24(Suppl 1):43-5.
104.Coté J, Macdonald DJ, Baker J, Abernethy B. When “where” is more important than
“when”: Birthplace and birthdate effects on the achievement of sporting expertise. Journal of
sports sciences. 2006;24(10):1065-73.

105.Santos A, Carvalho H, Gongalves C. Effects of three competitive settings on youth male
soccer athletes' assets and sport attitudes across a competitive season.: Kinesiologia Slovenica;
2016. 22-30 p.

106.Fraser-Thomas J, Coté J, MacDonald DJ. Community Size in Youth Sport Settings:
Examining Developmental Assets and Sport Withdrawal. 2010. 2010;2(2).

107.Taylor RD, Carson HJ, Collins D. The Impact of Siblings During Talent Development: A
Longitudinal Examination in Sport. Journal of Applied Sport Psychology. 2018;30(3):272-87.



74

108.Malina RM, Koziel SM. Validation of maturity offset in a longitudinal sample of Polish
boys. Journal of sports sciences. 2014;32(5):424-37.

109.Bangsbo J, laia FM, Krustrup P. The Yo-Yo intermittent recovery test : a useful tool for
evaluation of physical performance in intermittent sports. Sports Med. 2008;38(1):37-51.
110.Dragonea P, Zacharakis E, Kounalakis S, Kostopoulos N, Bolatoglou T, Apostolidis N.
Determination of the exercise intensity corresponding with maximal lactate steady state in high-
level basketball players. Research in Sports Medicine. 2019;27(1):112-20.

111.Clemente FM, Conte D, Sanches R, Moleiro CF, Gomes M, Lima R. Anthropometry and
fitness profile, and their relationships with technical performance and perceived effort during
small-sided basketball games. Research in Sports Medicine. 2018:1-15.

112.Drinkwater EJ, Pyne DB, McKenna MJ. Design and interpretation of anthropometric and
fitness testing of basketball players. Sports Med. 2008;38(7):565-78.

113.Carvalho HM, Silva M, Eisenmann JC, Malina RM. Aecrobic fitness, maturation, and
training experience in youth basketball. International journal of sports physiology and
performance. 2013;8(4):428-34.

114.Torres-Unda J, Zarrazquin I, Gravina L, Zubero J, Seco J, Gil SM, et al. Basketball
Performance Is Related to Maturity and Relative Age in Elite Adolescent Players. Journal of
strength and conditioning research / National Strength & Conditioning Association.
2016;30(5):1325-32.

115.Carvalho HM, Silva M, Figueiredo AJ, Gongalves CE, Philippaerts RM, Castagna C, et al.
Predictors of maximal short-term power outputs in basketball players 14-16 years. European
journal of applied physiology. 2011;111(5):789-96.

116.Pearson DT, Naughton GA, Torode M. Predictability of physiological testing and the role
of maturation in talent identification for adolescent team sports. Journal of science and medicine
in sport / Sports Medicine Australia. 2006;9(4):277-87.

117.Till K, Jones BL, Cobley S, Morley D, O'Hara J, Chapman C, et al. Identifying Talent in
Youth Sport: A Novel Methodology Using Higher-Dimensional Analysis. PloS one.
2016;11(5):e0155047.

118.Carvalho HM, Gongalves CE, Grosgeorge B, Paes RR. Validity and usefulness of the Line
Drill test for adolescent basketball players: a Bayesian multilevel analysis. Res Sports Med.
2017;25(3):333-44.

119.Drinkwater EJ, Hopkins WG, McKenna MJ, Hunt PH, Pyne DB. Modelling age and secular
differences in fitness between basketball players. Journal of sports sciences. 2007;25(8):869-
78.

120.McElreath R. Statistical rethinking : a Bayesian course with examples in R and Stan. Boca
Raton, FL: Chapman & Hall/CRC Press; 2015. xvii, 469 pages p.

121.Gelman A, Carlin JB, Stern HS, Dunson DB, Vehtari A, Rubin DB. Bayesian Data
Analysis, Third Edition. Boca Raton, FL: Chapman & Hall/CRC Press; 2013.

122.Stan Development Team. Stan: A C++ Library for Probability and Sampling 2015.
Available from: http://mc-stan.org/.

123.Biirkner P-C. brms: An R Package for Bayesian Multilevel Models using Stan. Journal of
Statistical Software. 2017;80:1-28.

124.Carvalho HM, Lekue JA, Gil SM, Bidaurrazaga-Letona I. Pubertal development of body
size and soccer-specific functional capacities in adolescent players. Research in Sports
Medicine. 2017;25(4):421-36.

125.Pasulka J, Jayanthi N, McCann A, Dugas LR, LaBella C. Specialization patterns across
various youth sports and relationship to injury risk. The Physician and Sportsmedicine.
2017;45(3):344-52.



http://mc-stan.org/

75

126.Ericsson KA, Prietula MJ, Cokely ET. The making of an expert. Harv Bus Rev. 2007;85(7-
8):114-21, 93.

127 Bidaurrazaga-Letona I, Lekue JA, Amado M, Gil SM. Progression in youth soccer:
selection and identification in youth soccer players aged 13-15 years. Journal of strength and
conditioning research / National Strength & Conditioning Association. 2017.

128.Piggott B, Miiller S, Chivers P, Papaluca C, Hoyne G. Is sports science answering the call
for interdisciplinary research? A systematic review. European Journal of Sport Science.
2019;19(3):267-86.

129.Elferink-Gemser MT, Visscher C, Lemmink KA, Mulder T. Multidimensional
performance characteristics and standard of performance in talented youth field hockey players:
a longitudinal study. Journal of sports sciences. 2007;25(4):481-9.

130.Carvalho HM, Gongalves CE, Collins D, Paes RR. Growth, functional capacities and
motivation for achievement and competitiveness in youth basketball: an interdisciplinary
approach. Journal of sports sciences. 2018;36(7):742-8.

131.Johnston K, Wattie N, Schorer J, Baker J. Talent Identification in Sport: A Systematic
Review. Sports Med. 2018;48(1):97-109.

132.Burwitz L, Moore PM, Wilkinson DM. Future directions for performance-related sports
science research: an interdisciplinary approach. Journal of sports sciences. 1994;12(1):93-109.
133.Piggott B, Muller S, Chivers P, Papaluca C, Hoyne G. Is sports science answering the call
for interdisciplinary research? A systematic review. Eur J Sport Sci. 2018:1-20.
134.Stojanovic E, Stojiljkovic N, Scanlan AT, Dalbo VJ, Berkelmans DM, Milanovic Z. The
Activity Demands and Physiological Responses Encountered During Basketball Match-Play:
A Systematic Review. Sports Med. 2018;48(1):111-35.

135.MclInnes SE, Carlson JS, Jones CJ, McKenna MJ. The physiological load imposed on
basketball players during competition. Journal of sports sciences. 1995;13(5):387-97.

136.Ben Abdelkrim N, El Fazaa S, El Ati J. Time-motion analysis and physiological data of
elite under-19-year-old basketball players during competition. British journal of sports
medicine. 2007;41(2):69-75; discussion

137.Erickson K, Cote J. An Exploratory Examination of Interpersonal Interactions between
Peers in Informal Sport Play Contexts. PloS one. 2016;11(5):e0154275.

138.Montgomery PG, Pyne DB, Hopkins WG, Minahan CL. Seasonal progression and
variability of repeat-effort line-drill performance in elite junior basketball players. Journal of
sports sciences. 2008;26(5):543-50.

139.Hoare DG. Predicting success in junior elite basketball players--the contribution of
anthropometic and physiological attributes. Journal of science and medicine in sport / Sports
Medicine Australia. 2000;3(4):391-405.

140.Honer O, Feichtinger P. Psychological talent predictors in early adolescence and their
empirical relationship with current and future performance in soccer. Psychology of Sport and
Exercise. 2016;25:17-26.

141.Gelman A, Shalizi CR. Philosophy and the practice of Bayesian statistics. British Journal
of Mathematical and Statistical Psychology. 2013;66(1):8-38.

142.Gelman A, Hill J. Data analysis using regression and multilevel/hierarchical models.
Cambridge: Cambridge University Press; 2007.

143.Gelman A, Little TC. Poststratification into many categories using hierarchical logistic
regression. Survey Methodology. 1997;23(2):127-35.

144.Ghitza Y, Gelman A. Deep Interactions with MRP: Election Turnout and Voting Patterns
Among Small Electoral Subgroups. American Journal of Political Science. 2013;57(3):762-76.



76

145.McElreath R, Koster J. Using multilevel models to estimate variation in foraging returns.
Effects of failure rate, harvest size, age, and individual heterogeneity. Human nature.
2014;25(1):100-20.

146.Bolker BM, Gardner B, Maunder M, Berg CW, Brooks M, Comita L, et al. Strategies for
fitting nonlinear ecological models in R, AD Model Builder, and BUGS. Methods in Ecology
and Evolution. 2013;4(6):501-12.

147.Duarte MFS. Physical maturation: a review with special reference to Brazilian children.
Cadernos de saude publica. 1993;9 Suppl 1:71-84.

148.Danubio ME, Sanna E. Secular changes in human biological variables in Western
countries: an updated review and synthesis. Journal of anthropological sciences = Rivista di
antropologia : JASS. 2008;86:91-112.

149.Tanner JM. Growth at adolescence. 2d ed. Oxford,: Blackwell Scientific Publications;
1962. 325 p. p.

150.Al-Sahab B, Ardern CI, Hamadeh MJ, Tamim H. Age at menarche in Canada: results from
the National Longitudinal Survey of Children & Youth. BMC public health. 2010;10:736.
151.Gama A. Age at menarche in Portuguese rural women from Oleiros. Annals of human
biology. 2008;35(6):639-55.

152.Soares ALA, Kos LD, Paes RR, Nascimento JV, Collins D, Gongalves CE, et al.
Determinants of drop-out in youth basketball: an interdisciplinary approach. Research in Sports
Medicine. 2019:1-15.

153.Bosco C, Luhtanen P, Komi PV. A simple method for measurement of mechanical power
in jumping. European journal of applied physiology and occupational physiology.
1983;50(2):273-82.

154.Carvalho HM, Goncalves CE, Grosgeorge B, Paes RR. Validity and usefulness of the Line
Drill test for adolescent basketball players: a Bayesian multilevel analysis. Res Sports Med.
2017;25(3):333-44.

155.Semenick D. Tests and measurements: The Line Drill Test. Strength & Conditioning
Journal. 1990;12(2):47-9.

156.Bangsbo J. Fitness training in footbal - a scientific approach. Bangsvaerd: HO Storm; 1994.
157.Leonardi TJ, Paes RR, Breder L, Foster C, Gongalves CE, Carvalho HM. Biological
maturation, training experience, body size and functional capacity of adolescent female
basketball players: A Bayesian analysis. International Journal of Sports Science & Coaching.
2018;13(5):713-22.

158.Carvalho HM, Leonardi TJ, Soares ALA, Paes RR, Foster C, Gongalves CE. Longitudinal
changes of functional capacities among adolescent female basketball players. Frontiers in
Physiology. 2019.

159.Wiersma LD. Conceptualization and Development of the Sources of Enjoyment in Youth
Sport Questionnaire. Measurement in Physical Education and Exercise Science. 2001;5(3):153-
77.

160.Santos AJ, Gongalves CE. Tradug¢do do Sources of Enjoyment in Youth Sport
Questionnaire e do Developmental Assets Profile para Jovens Atletas Portugueses. Annals of
Research in Sport and Physical Activity. 2012;3:11-36.

161.Lolli L, Batterham AM, Weston KL, Atkinson G. Size Exponents for Scaling Maximal
Oxygen Uptake in Over 6500 Humans: A Systematic Review and Meta-Analysis. Sports Med.
2017;47(7):1405-19.

162.Vehtari A, Gelman A, Gabry J. Practical Bayesian model evaluation using leave-one-out
cross-validation and WAIC. ArXiv e-prints [Internet]. 2016. Available from:
http://arxiv.org/abs/1507.04544.



http://arxiv.org/abs/1507.04544

77

163.R Core Team. R: A Language and Environment for Statistical Computing. Vienna, Austria:
R Foundation for Statistical Computing; 2018. Available from: http://www.R-project.org/.
164.Kuczmarski RJ, Ogden CL, Grummer-Strawn LM, Flegal KM, Guo SS, Wei R, etal. CDC
growth charts: United States. Advance data. 2000(314):1-27.

165.Delextrat A, Cohen D. Strength, power, speed, and agility of women basketball players
according to playing position. Journal of strength and conditioning research / National Strength
& Conditioning Association. 2009;23(7):1974-81.

166.Garcia-Gil M, Torres-Unda J, Esain I, Dunabeitia I, Gil SM, Gil J, et al. Anthropometric
Parameters, Age, and Agility as Performance Predictors in Elite Female Basketball Players.
Journal of strength and conditioning research / National Strength & Conditioning Association.
2018;32(6):1723-30.

167.Ackland TR, Schreiner AB, Kerr DA. Absolute size and proportionality characteristics of
World Championship female basketball players. Journal of sports sciences. 1997;15(5):485-90.
168.Eveleth PB, Tanner JM. Worldwide Variation in Human Growth. Cambridge: Cambridge
University Press; 1991 1991/001/17.

169.Ramos S, Volossovitch A, Ferreira AP, Barrigas C, Fragoso I, Massuca L. Differences in
Maturity, Morphological, and Fitness Attributes Between the Better- and Lower-Ranked Male
and Female U-14 Portuguese Elite Regional Basketball Teams. Journal of strength and
conditioning research / National Strength & Conditioning Association. 2018.

170.Malina RM, Bouchard C, Bar-Or O. Growth, maturation, and physical activity. 2nd ed.
Champaign, IL: Human Kinetics; 2004.

171.Murr D, Feichtinger P, Larkin P, O'Connor D, Honer O. Psychological talent predictors in
youth soccer: A systematic review of the prognostic relevance of psychomotor, perceptual-
cognitive and personality-related factors. PloS one. 2018;13(10):¢0205337.



http://www.r-project.org/

APPENDIX A — Termo de Consentimento Livre e Esclarecido (participants)

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO — VULNERAVEIS
Termo de Assentimento para criangas e adolescentes

Percurso do jovem atleta até a exceléncia esportiva: analise multidimensional
MNome do pesquisador responsavel: Prof. Dr. Humberto Carvalho

Voo2, mediante sua autorizagdc e do seu representante legal, esta sendo convidado(a)a participar
ceme voluntario (2) de um estudo. Este decumento, chamado Terme de Consentimento Livre e Esclarecide
{TCLE), visa assegurar seus direitos como participante & € elaborado em duas vias, uma que devera ficar
Com vocé & outra com o pesquisador.

Por favor, leia com atencac e calma, aproveitando para esclarecer suas dividas. Se houver
perguntas antes ou mesmo depois de assina-lo, vocé podera esclarecé-las com o pesquisador. Se preferir,
pode levar para casa e consultar seus familiares ou outras pessoas antes de decdir sobre a sua
participacdo. Se voo2 nac guiser participar ou retirar sua autorizacao, a qualguer momento, nao havera
nenhum tipo de penalizacdo ou prejuizo.

Justificativa e objetivos:

A pesquisa dedica-se ao estudo do crescimento, maturacdo biclogica e aptidio fisica no jovem
atleta. De uma forma resumida, pretende-se caracterizar o quanto os jovens atletas est3o aptos para aquilo
que s3o hoje as exigéndas de formagdo esportiva, em particular do volume de treino & competicio. Para
alcangar esse objetivo, entendemos que a sua participacdo ser uma importante contribuigdo.

Procedimentos:

Participando do estudo, vocé esta sendo convidado (2] arrespender um guestiondrio, com questdes
sohre a importéncia da pratica do esporte no seu dia a dia. O guestienario serd respondide durantz o
hordrio de treinamento, sendo acompanhade (a) pelos professores/treinadores do Clube/Nicles & pelo
pesquisador. O questionario serd respondido apenas uma (1) vez, com duragdo estimada de 15 minutos.

Entre as variaveis em estudo, interessa-nos determinar a aptidio anaercbia e aercbia gque sera
determinada através de uma corrida de 140 metros na quadra de basquetebol, uma prova de doze corridas
repetidas de 20 metros com vinte segundos de intervalo entre cada corrida, corrida vai-e-vemn de 20 metros
com e sem intervalos de recuperacao, sem que sejam efetuadas qualquer coleta de sangue ou outras
coletas invasivas. Adidionalmente, estimaremos a estatura adulta predita também com base no
conhecimento da estatura do pai e da mae bicldgicos

Voce podera, a qualquer momento, decidir ndo responder alguma questac ou desistir de participar
em qualguer momento da pesquisa.

Desconfortos e riscos:

‘Vor2 ndo deve participar deste estudo se achar que ndo foi devidamente esclarecido quanto aos
objetivos e da forma em gue ira participar. Todas as situagbes de desconfortos e riscos foram analisadas, &
ndo foi encomtrade nada que possa comprometer a sua participagio. As provas de aptiddo fisica poderdo
provocar exaustio e fadiga tempordria aos participantes, similar aos momentos mais intensos que os
participantes wivenciam no ftreinamento ou jogo. MNa coleta de dados, as instrugbes preparatorias,
acompanhamento durante e apos as provas pelos pesquisadores procurara minimizar as situagoes de
desconforto gue possam ocorrer em conseqiéncia das provas da presente pesquisa. Adicionalmente, na
ocorréncia de qualquer desconforto que nic tenha sido previsto nesse documento, serdo adotadas
providéncias para minimizd-los. A ndo autorizagdo em nada afetard a sua relagdo como atleta com o clube.

Beneficios:

O estudo produzira informagdo sobre o estado de crescimento & desempenho fisico (vantagens)
que serdo devolvidas ao professor/treinador da equipe. Vocé, seu responsavel e seu professor/treinador
terdoc acesso aos resultados e ac conhecimento gerado a partir do estudo.
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Sigilo e privacidade:

Voo e seu responsavel t8m a garantia de que a identidade sera mantida em sigile & nenhuma
informagdo serd dada 3 outras pessoas que nao fagam parte da equipe de pesquisadores. Na divulgagio
dos resultados desse estudo, seu nome e do seu responsavel ndo serdo citados.

Ressarcimento:
Nioc sera oferecido nenhum tipo de ressarcimento de despesas (transporte, alimentacdo,
hospedagem, dentre outros) para participagio no estudo.

Contato:

Em casc de dividas sobre o estudo, vocé poderad entrar em contato com os pesquisaderes Humberto
Carvalho (Pesguisador Responsavel] & Roberto Rodrigues Paes (Pesguisador), através dos sepuintes
contatos: Faculdade de Educagdo Fisica, Universidade Estadual de Campinas (FEF-UNICAMP), Grupo de
Estudo em Pedagogia do Esporte -Avenida Erico Verissimo, 701, Cidade Universitaria Zeferino Vaz, Bardo
Geraldo, CEP 13.083-851, Campinas, 5P; Telefones: 19-3521-6600 [fixo); E-mail:
hmoereiracarvalho@gmail.com; robertopaes@fef.unicamp.br; asocares_fefl12@hotmail.com. Em caso de
denuncias ou reclamagoes sobre sua participagao e sobre questies eticas do estudo, voce pode entrar em
contato com 2 secretaria do Comité de Etica em Pesquisa (CEP) da UNICAMP: Rua: Tessdlia Vieira de
Camargo, 126; CEF 13083-887 Campinas — 5P; telefone (13] 3521-8336; fax (193] 3521-7187; e-mail:

cep@focm.unicamp.br

Consentimento livre e esclarecido:

Apds discutir com meu {minha) responsavel legal sobre a participacdo no estudo, ter sido esclarecido
sobre @ natureza da pesguisa, seus objetivos, métodos, beneficios previstos, potencizis riscos e o incomodo
que esta pOsSs5a acarretar, autorizo participar:

MWome dola) participante:

Mome do Responsavel:

Data: / / -

{Assinatura Participante)

Responsahbilidade do Pesquisador:

Asseguro ter cumpride as exigéncias da resolugdo 466/2012 CHS/MS e complementares na
elaboragio do protocolo e na obtengio deste Termo de Consentimento Livre e Esclarecdido. Asseguro,
também, ter explicado e fornecido uma copia deste documento ao participante. Informo que o estudo fol
aprovade peloe CEP perante o gual o projeto foi apresentado e pela COMEP, guando pertinente.
Comprometo-me a utilizar o material e os dados obtidos nesta pesquisa exclusivamente para as finalidades
previstas neste documento ou conforme o consentimento dado pelo participante.

Ll FE o
A e Data: ! ! -

.

{Prof. Dr. Humberto Jorge Gongalves Moreira de Carvalho — Pesquisador Responsavel)
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APPENDIX B — Termo de Consetimento Livre e Esclarecido (legal responsible)

ol

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO — VULNERAVEIS

Percurso do jowvem atleta até a exceléncia esportiva: analise multidimensional
Mome do pesquisador responsavel: Prof. Dr. Humberto Carvalho

O (a) seu (a) filho (2], através de vocd, como responsavel legal, esta sendo convidadola) participar
como voluntario (a) de um estudo. Este documento, chamado Termo de Consentimento Livre & Esclarecido
({TCLE), visa assegurar seus direitos e do (a) seu (a) filho (a) como participante e € elaborado em duas vias,
uma gue devera ficar com voceé e outra com o pesquisador.

Por favor, leia com atencdc e calma, aproveitando para esclarecer suas dividas. Se houwver
perguntas antes ou mesmo depois de assina-lo, vocé podera esclarecé-las com o pesquisador. Se preferir,
pode levar para casa e consultar seus familiares ou outras pessoas antes de decidir sobre a participagao do
{a) seu (a) filho (a). S5& vocé ndo quiser gue seu (a) filho (a) participe ou retirar sua autorizacio, a qualguer
momento, ndo havera nenhum tipo de penalizagdo ou prejuizo.

Justificativa e objetivos:

A pesquisa dedica-se ao estudo do estado de crescimento, maturacdo biologica e aptiddo fisica no
Jjovem atleta. De uma forma resumida, pretende-se caracterizar o quanto os jovens atletas estio aptos para
aquilo que s3o0 hoje as exigéncias de formacio esportiva, em particular do volume de treino e competigao.
Para alcangar esse objetivo, entendemaos que 2 participagdo do (a) seu (a) filho (2] podera trazer importants
contribuigao.

Procedimentos:

Participande do estudo o (a) seu (a) filhe (a) estd sendo convidade (a) a: responder um
guestiondric, com questées sobre a importancia da pratica do esporte no seu dia a dia. O guestionario sera
respondido durantz o herdrio de treinamento, sendo acompanhade (a) pelos professoresftreinadores do
Clube/Nucdes & pelo pesquisador. O questiondrio serd respondido apenas uma (1) vez, com duragic
estimada de 15 minutos.

Entre as variaveis em estudo, interessa-nos determinar a aptidic anaerdbia e asrobia que sera
determinada através de uma corrida de 140 metros na quadra de basquetebol, uma prova de doze corridas
repetidas de 20 metros com vinte segundos de intervalo entre cada corrida, corrida vai-e-vem de 20 metros
com & sem intervalos de recuperagdo, sem gue sejam efetuadas gualguer coleta de sangue ou outras
coletas invasivas. Adicionalmente, estimaremos a estatura adulta predita também com base no
cenhecimento da estatura do pai e da mas bioldgicos.

0 (&) seu (a) filho (a) podera, a gqualguer momento, decidir n3o responder alguma guestac ou desistir de
participar em qualguer momento da pesguisa.

Desconfortos e riscos:

Vore e seufa) filho(a) ndo devem participar deste estudo se achar que ndo foram devidamente
esclarecidos guanto aos objetivos e da forma em que ira participar. Todas as situagtes de desconfortos e
riscos foram analisadas, e ndo foi encontrado nada que possa comprometer a participar do (a) seu (a) filho
{a). As provas de aptid3o fisica poderdo provocar exaustdo e fadiga aguda transiente aos participantes,
similar aos momentos mais intensos que os participantes vivenciam no treinamento ou jogo. O desenho de
recolha de dados, instrugbes preparatdrias, acompanhamento durante e apds a5 provas pelos
pesquisadores precurara minimizar as situagdes de desconforto que possam ccorrer em consequéncia das
provas da presente pesquisa. Adicionalmente, na ocorréncia de qualquer desconforto gque ndo tenha sido
previsto nesse documento, serdo adotadas providéncias para minimiza-los. A ndo autorizagdo em nada
afetara a relagdo do atleta com o clube.
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Beneficios:

0 estudo produzira informag3o sobre o estado de crescimento e desempenhe fisico (vantagens)
gque serao devolvidas aoc professorftreinador da equipe. Vocé, seu (a) filho (a) e todos os demais
participantes, terdc acesso aos resultados & ao conhecimento gerade a partir do estudo.

Sigilo e privacidade:

Vo2 e seu (a) filho {a) tem a garantia de que a identidade sera mantida em sigilo & nenhuma
informagdo serd dada a outras pessoas que nao fagam parte da eguipe de pesquisadores. MNa divulgacio
dos resultados desse estudo, seu nome e do (a) seu (a) filhe {(a) ndo serdo citados.

Ressarcimento:
Mac sera oferecido nenhum tipe de ressarcimenmto de despesas (transporte, alimentagao,
hospedagem, dentre outros) para participacio no estudo.

Contato:

Em caso de duvidas sobre o estudo, vocé podera entrar em contato com o5 pesquisadores Humberto
Carvalho [Pesguisador Responsawel] e Roberto Redrigues Paes (Pesquisador], através dos seguintes
contatos: Faculdade de Educacdo Fisica, Universidade Estadual de Campinas (FEF-UMICAMP), Grupo de
Estudo em Pedagogia do Esporte -Avenida Erico Verissimao, 701, Cidade Universitdria Zeferino Vaz, Bardo
Geraldo, CEFP 13.083-851, Campinas, iP; Telefones: 19-3521-6600 [fixo]; E-mail:
hmioreiracarvalho@ gmail.com; robertopaes@fef unicamp.br; asoares_fef012@hotmail.com . Em caso de
denuncias ou reclamagbes sobre sua participagdo e sobre questies &ticas do estudo, vocé pode entrar em
contato com a secretaria do Comité de Etica em Pesquisa {CEP) da UMICAMP: Rua: Tessdlia Vieira de
Camargo, 126; CEP 13083-887 Campinas — SP; telefone (19) 3521-8936; fax (19) 3521-7187; e-mail:

cepi®Efom.unicamp.br

Consentimento livre e esclarecido:

Apds discutir com meu [minha) filho (a) sobre a participagdo no estudo, ter sido esclarecido sobre a
natureza da pesquisa, seus objetivos, metodos, beneficios previstos, potenciais riscos & o incomodo gue
esta possa acarretar, autorizo a participagdo:

Mome dola) participante:

Mome do Responsavel:

Data: / /

[Assinatura de seu responsavel LEGAL])

Responsabilidade do Pesquisador:

Asseguro ter cumprido as exigéncias da resolugdo 4662012 CNS/MS & complementares na
elaboragdo do protocolo e na obtengdo deste Termo de Consentimenmto Livre e Esclarecido. Asseguro,
também, ter explicade e fornecido uma copia deste documento ao participante. Informe que o estude foi
aprovado pelo CEP perante o gqual o projeto foi apresentado e pela COMEP, guando pertinente.
Comprometo-me a utilizar o material e os dados obtidos nesta pesguisa exclusivamente para as finalidades
previstas neste documento ou conforme o consentimento dado pelo participante.

Data: ! J/ .

{Prof. Dr. Humberto Jorge Gonigalves Moreira de Carvalho — Pesquisador Responsavel)
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