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Abstract

Discovering athletic talent is one of the most complex predictive challenges in
sports science. Unlike assessing adult performance, identifying young talent
requires predicting their long-term athletic potential under conditions of bio-
logical variability, developmental instability, and environmental inconsistency.
Consequently, early detection processes often rely on incomplete performance
indicators and are subject to structural biases such as the effects of biological
maturation and relative age. This systematic review with an umbrella compo-
nent aimed to synthesize contemporary primary and secondary evidence (2020-
2026) on biological, psychological, and computational indicators used in ath-
letic talent identification systems. In accordance with the PRISMA 2020 guide-
lines, database searches across major publishing platforms yielded 703 records,
of which 32 records met the final inclusion criteria, comprising primary em-
pirical studies, complementary conceptual evidence, and two systematic re-
views forming the umbrella component. The results indicate that the selection
of athletes in the early stages is strongly influenced by biological maturation
and relative age effects, which can distort developmental trajectories and affect
the accuracy of talent identification. Recent research increasingly supports
multidimensional assessment models that integrate physical, technical, tactical,
and cognitive variables, improving predictive accuracy compared to single-do-
main approaches. In addition, machine learning approaches are emerging as
promising analytical tools capable of modeling the complex interactions be-
tween talent indicators. However, limitations remain regarding external vali-
dation, interpretability, and potential bias in datasets. Overall, the available ev-
idence supports further investigation of hybrid frameworks combining objec-
tive assessment, structured expert judgment, and computational modelling.
Future research should prioritize longitudinal validation across developmental
stages, assessment strategies adapted to maturity, and transparent governance
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of algorithmic decision-making processes.
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1. Introduction

Talent identification is one of the most challenging predictive tasks in sports sci-
ence and athlete development research. While the evaluation of elite adult athletes
focuses on measurable performance outcomes, talent identification seeks to pre-
dict future athletic potential during early developmental stages, when perfor-
mance indicators remain volatile and highly sensitive to biological and environ-
mental influences (Vaeyens et al., 2008). Consequently, early selection decisions
are often made under conditions of uncertainty, where short-term performance
advantages may not accurately reflect long-term athletic potential.

Historically, traditional talent identification systems have relied on isolated an-
thropometric or physiological measurements, such as height, speed, strength, and
endurance. However, contemporary theoretical perspectives increasingly reject
reductionist models of talent. Instead, talent is now viewed as a multidimensional
and dynamic construct, arising from complex interactions between biological pre-
dispositions, psychological characteristics, the acquisition of technical skills, and
environmental opportunities (Baker & Wattie, 2018; Johnston et al., 2018). This
systemic perspective challenges the assumption that early physical performance
alone is sufficient to predict elite success.

Among the most prominent and consistently reported limitations of youth tal-
ent identification systems are the effects of biological maturation and relative age
effects (RAE). Relative age effects commonly involve the overrepresentation of
athletes born earlier in the selection year within youth development programs
(Cobley et al., 2009). Early-born athletes often exhibit temporary advantages in
height, strength, and neuromuscular development, increasing their likelihood of
selection during adolescence (Kelly et al., 2021). While these advantages may fa-
cilitate short-term performance, longitudinal studies indicate that biological mat-
uration alone cannot reliably predict long-term elite achievement (Romann &
Fuchslocher, 2020).

In response to these limitations, research over the past decade has increasingly
focused on multidimensional assessment frameworks. These approaches integrate
diagnoses of physical performance with technical, tactical, cognitive, and psycho-
logical indicators of athlete development. For example, large-scale national stud-
ies in youth football show that combining coach assessments with objective per-
formance tests significantly improves prediction accuracy compared to single-do-

main screening models (Honer et al., 2021). Similarly, systematic reviews across
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various sports highlight the importance of integrating diverse performance do-
mains to understand the complex nature of athletic experience (Sarmento et al.,
2018).

In addition to these methodological advancements, developments in artificial
intelligence and machine learning have opened new possibilities for analyzing
high-dimensional talent identification datasets. Machine learning algorithms are
capable of modeling nonlinear interactions among a large number of variables,
potentially improving prediction accuracy in complex developmental systems
(Siener et al., 2021). Recent studies applying random forest models and neural
networks have shown promising results in identifying athletes’ developmental tra-
jectories across large cohorts (Liu et al., 2024). However, the application of ma-
chine learning in talent identification also raises important concerns regarding
algorithmic bias, data quality, and model interpretability (Tang et al., 2026).

Despite increasing methodological advancements, numerous challenges persist
in the field of sports talent identification. These challenges include inconsistencies
in operational definitions of talent and exceptional performance, limited longitu-
dinal validation of predictive models, and inadequate integration of psychological
and environmental factors within quantitative frameworks (Zhao et al., 2024).
Consequently, contemporary research increasingly advocates for hybrid approaches
that combine objective diagnosis, expert interpretation, and computational anal-
ysis within transparent and ethically sound systems.

Therefore, this systematic review aimed to synthesize the empirical evidence
published between 2020 and 2026 concerning predictors and methodologies used
in sports talent identification research. Specifically, the review sought to:

1. Examine biological, psychological, and performance-based predictors used
in youth talent identification systems.

2. Evaluate the reliability of subjective and objective assessment methodologies.

3. Assess the growing role of machine learning and artificial intelligence in tal-
ent prediction.

4. Identify methodological limitations and suggest directions for future re-
search.

By integrating multidisciplinary evidence across sports, this review aims to pro-
vide a comprehensive overview of the current state of talent identification research
and contribute to the development of more reliable, equitable, and scientifically

based athlete selection systems.

2. Methods
2.1. Study Design

The database search was conducted in March 2026. This study was designed as a
systematic review with an umbrella component and followed the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses (Page et al., 2021) guide-

lines.
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2.2. Eligibility Criteria

Records were eligible if they addressed talent identification, selection, or develop-
ment among youth or emerging athletes; were published in English between Jan-
uary 2020 and March 2026; and provided evidence directly relevant to the pre-
defined review questions. Primary empirical evidence included quantitative and
qualitative studies, cross-sectional and longitudinal studies, observational re-
search, mixed-methods studies, and computational studies or predictive models.

Systematic reviews directly addressing the review questions were eligible for the
umbrella component. Publications of conceptual relevance were retained if they
directly addressed methodological and structural challenges in contemporary
sports talent identification and development and contributed to the interpretation
of empirical evidence.

Records focusing exclusively on adult performance enhancement, non-sporting
talent domains, conference abstracts, or editorials and commentaries not substan-
tively linked to the pre-defined review questions as well as publications that did
not address talent identification, selection, or development were excluded. The
final synthesis included 32 eligible records comprising primary empirical evi-
dence, supplementary conceptual evidence, and two systematic reviews (Han et
al., 2023; Tang et al.,, 2026) that constituted the core component. Evidence types
were distinguished throughout the synthesis process, and primary studies already
included within the systematic reviews were not counted as independent, addi-

tional support at the study level.

2.3. Screening and Eligibility Assessment

The study selection process followed the PRISMA framework. The initial search
yielded 703 records. After removal of 186 duplicates, 517 records remained for
title and abstract screening. During screening, 438 records were excluded. A total
of 79 full-text reports were assessed for eligibility, of which 47 were excluded be-
cause they did not satisfy the predefined eligibility criteria. Ultimately, conse-
quently, 32 eligible records were retained in the final synthesis. Title and abstract
screening and full-text eligibility assessment were conducted by the principal in-
vestigator using the prespecified eligibility criteria. Because screening was under-
taken by a single reviewer, independent duplicate screening was not performed

and no reviewer-disagreement resolution procedure was applicable.

2.4. Information Sources and Search Strategy

A systematic literature search was conducted across PubMed, Scopus, Web of Sci-
ence Core Collection, SPORTDiscus, and IEEE Xplore. The strategy was adapted
to the syntax and searchable fields of each source while retaining four principal
concept groups: talent identification/development, sport/athletes, youth/develop-
mental populations, and assessment/prediction-related factors. Boolean opera-
tors, phrase searching, truncation where supported, and source-specific field

searching were used.
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The searches covered publications from 1 January 2020 through March 2026.
The electronic searches yielded 674 records: PubMed (n = 142), Scopus (n = 198),
Web of Science Core Collection (n = 164), SPORTDiscus (n = 96), and IEEE
Xplore (n = 74). An additional 29 records were identified through reference-list
searching, producing 703 records before duplicate removal. Complete source-spe-

cific strategies are reported in Table 1.

Table 1. Electronic information sources and complete search strategy.

Source/interface Fields Search strategy Records
((“talent identification” [Title/ Abstract] OR “talent development” [Title/ Abstract]
OR “talent selection” [Title/ Abstract] OR “talent detection” [Title/ Abstract] OR
“athlete selection” [Title/Abstract]) AND (sport* [Title/Abstract] OR athlete*
[Title/Abstract]) AND (youth [Title/Abstract] OR adolescent* [Title/Abstract] OR
PubMed/NLM Title/ Abstract junior [Title/Abstract] OR “young athlete*” [Title/Abstract]) AND (predict* 142
[Title/Abstract] OR assess* [Title/Abstract] OR performance [Title/Abstract] OR
“biological maturation” [Title/Abstract] OR “relative age” [Title/ Abstract] OR
psychological [Title/Abstract] OR multidimensional [Title/Abstract] OR
“machine learning” [Title/ Abstract] OR “artificial intelligence” [Title/Abstract]))
TITLE-ABS-KEY ((“talent identification” OR “talent development” OR “talent
selection” OR “talent detection” OR “athlete selection”) AND (sport* OR athlete*)
AND th OR adol t* OR junior OR “ thlete*”) AND dict* OR
Scopus/Elsevier TITLE-ABS-KEY (youth OR adolescent” OR junior OR "young athlete™") AND (predic 198
assess* OR performance OR “biological maturation” OR “relative age” OR
psychological OR multidimensional OR “machine learning” OR “artificial
intelligence”))
Web of TS = ((“talent identification” OR “talent development” OR “talent selection” OR
Science Core “talent detection” OR “athlete selection”) AND (sport* OR athlete*) AND (youth
Collection/ Topic (TS) OR adolescent* OR junior OR “young athlete*”) AND (predict* OR assess* OR 164
ection
Clarivate performance OR “biological maturation” OR “relative age” OR psychological OR
v multidimensional OR “machine learning” OR “artificial intelligence”))
((“talent identification” OR “talent development” OR “talent selection” OR “talent
SPORTDiscus/ Title/Ab- detection” OR “athlete selection”) AND (sport* OR athlete*) AND (youth OR
iscu
EBSCOhost stract/Subject adolescent* OR junior OR “young athlete*”) AND (predict* OR assess* OR 96
Terms performance OR “biological maturation” OR “relative age” OR psychological OR
multidimensional OR “machine learning” OR “artificial intelligence”))
((“talent identification” OR “talent development” OR “talent selection” OR
IEEE Xplore Metadata .“at.hlete seﬂection”) AND”(sport OR atl.lle.te) AND (youth OR adolescent OR 4
junior OR “young athlete”) AND (prediction OR assessment OR performance
OR “machine learning” OR “artificial intelligence”))
Electronic
— — 674
sources total
Reference-list o .
. References Backward citation searching 29
searching
Total identified — — 703

2.5. Data Extraction

Data extraction was conducted by the principal investigator using a standardized
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extraction framework. The following information was recorded:

e Author(s) and year of publication;

e Sport and sample characteristics;

e Study design;

e Predictor domains examined (e.g., biological, technical, psychological);
e Analytical or modeling methods;

¢ Outcome definitions;

o Key findings;

e Reported limitations.

2.6. Data Synthesis

Due to variation across sports, predictor variables, and research designs, a meta-
analysis was not considered appropriate.

Instead, findings were organized into five thematic evidence domains:

1. Conceptual and structural foundations of talent identification;

2. Biological maturation and relative age effects;

3. Multidimensional performance profiling;

4. Reliability of subjective versus objective assessments;

5. Machine learning and computational modeling.

This thematic approach allowed for the identification of consistent patterns and

methodological trends across the included studies.

2.7. Methodological Quality and Risk of Bias Assessment

Methodological limitations were assessed using a design-specific framework
based on established critical appraisal tools. Quantitative observational studies
were evaluated against the relevant Joanna Briggs Institute (JBI) domains; quali-
tative and mixed-methods studies were appraised using qualitative design princi-
ples and the appropriate MMAT criteria, respectively; and prediction or machine
learning studies were assessed against PROBAST domains covering participants,
predictors, outcomes, analysis, validation, and application. The two systematic re-
views included in the overarching component were appraised separately against
AMSTAR 2 domains. Given the methodological diversity of the included evi-
dence, appraisal results were not converted into a standardized numerical quality
score. Conceptual evidence was not subjected to an empirical risk-of-bias assess-
ment. Table S1 summarizes study-level methodological strengths and issues. The
assessment was conducted by the lead researcher and was not independently rep-
licated.

3. Results
3.1. Study Selection

Consequently, 32 studies were included in the final synthesis. The study selection

process is summarized in Figure 1.
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Records identified through database searching
(n=703)

I

Duplicates removed
(n=186)

I

Records screened
(n=517)

Identification

I

Records excluded
(n=438)

]

\j

Screening

Full-text articles assessed for eligibility
(n=79)

!

\j

Eligibility

Full-textarticles excluded
(n=47)

l

¥

Studies included in qualitative synthesis
(n=32)

Included

Figure 1. PRISMA 2020 flow diagram of the study se-
lection process.

3.2. Study Characteristics

The 32 included records, published between 2020 and 2026, represented a wide
range of sporting contexts and methodological approaches. Soccer accounted for
the largest proportion, with 18 records. The remaining records represented vol-
leyball (3), rugby union (2), multi-sport analyses (3), basketball (1), swimming
(1), tennis (1), triathlon (1), track and field (1), and Australian football (1). To-
gether, these categories account for all 32 included records.

The evidence base included cross-sectional and observational investigations,
prospective and retrospective longitudinal studies, qualitative and mixed-meth-
ods research, prediction and machine-learning studies, complementary concep-
tual evidence, and two systematic reviews. Because prediction modelling and ma-
chine learning may be embedded within longitudinal or observational designs,
these methodological categories were not treated as mutually exclusive study-de-
sign classifications.

Sample sizes varied considerably, ranging from small qualitative studies involv-
ing expert coaches or scouts (8 - 25 participants) to large-scale national studies
with more than 10,000 young athletes.

In the included studies, a wide range of predictive domains were examined, in-
cluding anthropometric characteristics, measures of physiological performance,

technical and tactical skills, psychological traits, and environmental influences.
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3.3. Methodological Quality and Risk of Bias

Methodological quality varied across the included records, reflecting heterogene-
ity in study design, population, outcome definition, and analytical approach (Ta-
ble S1). Frequent concerns among observational and cross-sectional studies in-
cluded context-specific sampling, potential residual confounding, and reliance on
contemporaneous selection or squad membership as a proxy for longer-term tal-
ent outcomes.

Prospective and longitudinal investigations generally provided stronger tem-
poral evidence. Large-scale studies such as Honer et al. (2021), Leyhr et al. (2025),
and Saward et al. (2020) linked earlier athlete characteristics with subsequent de-
velopmental or selection outcomes and were therefore given greater interpretive
weight for prognostic questions. Prediction and machine-learning studies intro-
duced additional concerns relating to model complexity, potential optimism, ex-
ternal validation, interpretability, and transportability. The two systematic re-
views (Han et al., 2023; Tang et al., 2026) were interpreted in relation to hetero-

geneity and methodological limitations in their underlying evidence.

3.4. Biological Maturation and Relative Age Effects

Biological maturation and relative age have emerged as recurring factors associ-
ated with selection and representation processes within youth athlete develop-
ment pathways. Studies across sports such as soccer, rugby union, and volleyball
have highlighted disparities linked to relative age and/or maturation status in the
selection and development of young athletes (Kelly et al., 2021; King et al., 2024;
Morganti et al., 2025; Rubajczyk & Rokita, 2020; Saward et al., 2020).

Athletes born earlier in the year and/or those who are more biologically mature
may exhibit temporary advantages in anthropometric measurements and physical
performance during adolescence. Such differences can influence selection deci-
sions when the primary focus is on current physical performance levels (Kelly et
al., 2021; King et al., 2024; Rubajczyk & Rokita, 2020). Evidence from longitudinal
studies indicates that growth and development trajectories can shift during ado-
lescence, and that early physical advantages should not be viewed as definitive

indicators of long-term elite potential (Saward et al., 2020; Honer et al., 2021).

3.5. Multidimensional Performance Profiling

A significant methodological trend is the notable increase in the use of multidi-
mensional assessment methods; studies have integrated a range of indicators in-
cluding anthropometric, physiological, skill-based, tactical, and cognitive factors,
alongside other performance metrics rather than relying exclusively on isolated
physical measures (Dimundo et al., 2021; Honer et al., 2021; King et al., 2024;
Leyhr et al., 2025; Sgro et al., 2024; Barraclough, 2025b).

Evidence indicates that multidimensional assessment yields information that
extends beyond discrete performance indicators, although the contribution of

each domain varies depending on the sport, the developmental stage, and the out-
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comes of the selection process (Honer et al., 2021; King et al., 2024; Leyhr et al.,
2025).

3.6. Reliability of Subjective and Objective Assessment Methods

Many studies included in this research have examined objective performance
tests, expert subjective assessments, or the relationship between these two ap-
proaches (Bergkamp et al., 2022; Dugdale et al., 2020; Honer et al., 2021; Honer et
al., 2025). Objective assessments provide standardized measurements of selected
physical and motor performance characteristics, whereas coaches and talent
scouts can incorporate contextual information related to performance within
sport-specific environments.

Evidence comparing these approaches suggests that objective and subjective as-
sessments capture at least partially different aspects of an athlete’s potential
(Honer et al., 2021; Honer et al., 2025). Consequently, the available evidence sup-
ports exploring their complementary use within structured, hybrid assessment
frameworks, rather than assuming the inherent superiority of one approach over
the other.

3.7. Machine Learning and Computational Modeling

There is growing interest in exploring computational methods and machine learn-
ing techniques to analyze multidimensional data related to talent identification
(Siener et al., 2021; Liu et al., 2024; Tang et al., 2026). In the realm of junior tennis,
the predictive validity of statistical methods based on motor abilities has been ex-
amined (Siener et al., 2021), while “random forest” models have been applied to
anthropometric and physiological characteristics to predict talent in swimming
(Liu et al., 2024).

However, methodological evidence indicates persistent challenges particularly
regarding external validation, inconsistent outcome definitions, model interpret-
ability, and the generalizability of findings across different sports and populations
(Tang et al., 2026). Therefore, machine learning should be viewed as an advanced
approach to support decision-making, rather than an established substitute for

traditional assessment methods or expert judgment.

3.8. Synthesis of Evidence across Domains

Available evidence indicates that talent identification is typically studied as a mul-
tidimensional process encompassing a combination of physical, technical, tactical,
cognitive, psychological, and contextual characteristics (Dimundo et al., 2021;
Honer et al., 2021; Leyhr et al., 2025; Sgro et al., 2024). Furthermore, both biolog-
ical maturation and relative age have been linked to patterns of youth selection
and representation (Kelly et al., 2021; King et al., 2024; Morganti et al., 2025;
Rubajczyk & Rokita, 2020). Objective tests and expert assessments appear to pro-
vide complementary information, rather than demonstrating the consistent supe-

riority of one method over the other (Bergkamp et al., 2022; Dugdale et al., 2020;
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Honer et al., 2021; Honer et al., 2025). While computational methods have shown
promising potential, they require further robust external validation (Siener et al.,
2021; Liu et al., 2024; Tang et al., 2026).

4. Discussion

This systematic review synthesized contemporary empirical evidence on predic-
tors and methodologies used in youth sport talent identification systems. Five key
findings emerged from the analysis: (1) The persistent influence of biological mat-
uration and relative age effects; (2) The growing adoption of multidimensional
performance assessment models; (3) The complementary roles of objective testing
and expert evaluation; (4) The increasing use of machine learning techniques; (5)

The structural limitations of current talent identification frameworks.

4.1. Talent Identification as a Multidimensional Developmental
Process

A key finding in the reviewed literature was the growing shift from reductionist
talent identification models to multidimensional assessment frameworks. Histor-
ically, talent identification systems have relied heavily on isolated anthropometric
and physiological indicators, such as height, speed, and strength. Although these
variables are important in assessing short-term athletic performance, the evidence
compiled in this review demonstrates their limited ability to predict long-term
elite success.

This finding supports contemporary theoretical perspectives that portray talent
as a dynamic developmental construct arising from complex interactions between
biological, psychological, technical, and environmental factors (Baker & Wattie,
2018; Johnston et al., 2018). Multidimensional profiling approaches, which com-
bine physical testing with assessments of technical skills, tactical perception, and
psychological traits, have consistently been associated with improved predictive
power across various athletic contexts.

The adoption of multidimensional assessment frameworks reflects a broader
shift in athlete development research toward systems-based performance devel-
opment models, which highlight an athlete’s potential through the interplay be-
tween individual abilities and environmental opportunities. Consequently, effec-
tive talent identification systems must move beyond isolated performance indica-
tors and instead incorporate integrated assessment models capable of accommo-

dating the complexity of athletes’ developmental pathways.

4.2. Biological Maturation and Structural Bias in Youth Selection

Another key finding of this review is the continued influence of biological matu-
ration and relative age on youth athletic talent identification systems. In multiple
sporting contexts, athletes born earlier in the selection year were disproportion-
ately represented in elite development programs. These findings are consistent

with previous research showing that early-born athletes often possess temporary
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developmental advantages during adolescence due to differences in the timing of
biological maturation (Cobley et al., 2009; Kelly et al., 2021).

These advantages are typically manifested through increased body size, strength,
and neuromuscular development, which may improve short-term performance
outcomes in youth competitions. However, longitudinal evidence suggests that
these early physical advantages do not reliably predict outstanding long-term per-
formance. As maturation differences gradually diminish during late adolescence,
athletes who matured later and were previously overlooked may achieve similar or
even better performance levels.

These findings suggest that relative age effects represent structural biases inher-
ent in youth sports development systems, rather than accurate indicators of ath-
letic potential. Consequently, many researchers have advocated for the implemen-
tation of maturity-adjusted assessment strategies, such as biological age estima-
tion, growth trajectory monitoring, and age grouping policies designed to mini-
mize selection bias.

Addressing these structural biases is crucial for improving the accuracy and
fairness of talent identification systems, particularly in sports where early selection
decisions can significantly impact access to coaching, training resources, and

competitive opportunities.

4.3. The Complementary Roles of Objective Diagnosis and Expert
Assessment

The reviewed studies also highlight the complementary roles of objective diagnos-
tic tests and expert assessment in talent identification processes. Objective assess-
ments, including standardized motor skills tests and physiological performance
measurements, provide reliable and quantifiable indicators of athletes’ abilities.
However, these measures are often limited in their ability to capture complex per-
formance characteristics, such as tactical awareness, cognitive decision-making,
and the ability to adapt within dynamic competitive environments.

In contrast, expert assessments, conducted by experienced coaches and scouts,
can provide valuable contextual insights into athletes’ performance within specific
game contexts. However, subjective assessments can be influenced by cognitive
biases, inferential methods, and inconsistencies in assessment criteria. The evi-
dence synthesized in this review supports the complementary integration of ob-
jective assessment and structured expert judgment through hybrid assessment
models. This hybrid approach reflects the understanding that talent identification
is not simply a measurement problem, but a decision-making process that re-

quires integrating quantitative data with structured expert judgment.

4.4. Emerging Applications of Machine Learning in Talent
Identification

Recent advances in artificial intelligence and machine learning have opened new

possibilities for analyzing complex talent identification datasets. Machine learning
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algorithms are particularly well-suited to modeling nonlinear relationships be-
tween multiple, interacting performance variables, making them valuable tools for
analyzing multidimensional athlete development data.

Several studies included in this review have applied machine learning models,
such as neural networks and random forest algorithms, to athlete datasets con-
taining a large number of performance indicators. These models have demon-
strated promising capabilities in identifying patterns associated with athlete de-
velopment and performance outcomes.

However, despite their analytical advantages, the application of machine learn-
ing in talent identification is still in its early stages. Many studies have focused on
predicting short-term performance outcomes rather than long-term elite success,
and few models have undergone external validation across diverse athlete popu-
lations.

Furthermore, machine learning approaches raise significant ethical and meth-
odological challenges, including potential algorithmic bias, limitations in inter-
preting complex models, and the risk of reinforcing existing structural inequalities
in athlete selection systems.

For these reasons, current evidence suggests that machine learning should be
viewed as a decision support tool, not a replacement for human expertise in talent

identification processes.

4.5. Towards Integrated Hybrid Talent Identification Systems

Taken together, the findings of this review support further development and eval-
uation of integrated hybrid systems that combine multidimensional athlete pro-
filing, expert assessment, and advanced computational analysis.

These systems will incorporate several key principles:
e Multidimensional assessment of athletes’ abilities;
e Maturity-adapted assessment strategies;
e Longitudinal monitoring of athletes’ developmental trajectories;
o Integration of expert opinions and objective diagnoses;
e Transparent and ethically sound computer modeling.

Implementing these principles will enable talent identification programs to bet-
ter account for the complexity and uncertainty inherent in athlete development,
while minimizing the structural biases that currently influence youth selection

processes.

4.6. Implications for Talent Development Systems

The findings of this review point to several important implications for practition-
ers, sports organizations, and policymakers responsible for athlete development
systems. First, early selection processes should be approached with caution, par-
ticularly in sports where biological maturation differences significantly impact
youth performance. Talent development pathways may benefit from delaying spe-

cialization and providing broader opportunities for athletes to participate, allow-
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ing more time for developmental differences to stabilize.

Second, talent identification systems should prioritize longitudinal monitoring
of athletes rather than evaluation at a single point in time, enabling coaches and
practitioners to track developmental trajectories over time.

Finally, as machine learning and data analytics become increasingly integrated
into sports science practices, governing bodies should establish clear ethical guide-
lines and transparent criteria for algorithmic decision-making within athlete se-

lection systems.

4.7. Strengths of the Review

This review has several important strengths. First, it focuses on integrating recent
empirical evidence from various sports and methodologies, providing a compre-
hensive overview of contemporary talent identification research. Second, the
study integrates biological, psychological, and computational perspectives, ena-
bling a multidimensional understanding of athlete development. Finally, the ap-
plication of the PRISMA framework enhances the transparency and methodolog-
ical rigor of the review process.

5. Review Limitations

Several limitations should be noted. First, the selection process was restricted to
English-language publications, which may have introduced language bias. Second,
significant heterogeneity regarding sports, participant ages, assessment methods,
definitions of predictor variables, and outcome measures precluded a meaningful
quantitative synthesis of the entire body of evidence. Third, several studies relied
on outcomes related to selection or short- to medium-term developmental stages,
rather than long-term elite performance among professional athletes. Fourth,
football accounted for 18 of the 32 records included in the study, potentially lim-
iting the generalizability of the findings to other sports. Fifth, machine learning
applications remain methodologically diverse and are rapidly evolving, particu-
larly regarding external validation and interpretability.

Furthermore, the screening of titles and abstracts, assessment of full-text eligi-
bility, data extraction, and methodological assessment were conducted by a single
reviewer rather than through independent, dual review. Despite the use of prede-
fined eligibility criteria, a standardized extraction framework, and assessment
procedures appropriate to the study design, the absence of independent, dual re-
view may have increased the likelihood of errors in selection, extraction, or as-

sessment.

6. Future Research Directions

Future research should prioritize prospective longitudinal designs that track ath-
letes across multiple developmental stages—and, whenever possible, up to the
professional performance level. Such designs would provide stronger evidence re-

garding whether characteristics associated with youth selection also predict long-
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term athletic outcomes.

Future studies should also broaden the scope of multidimensional assessment
by integrating psychological, cognitive, technical, tactical, biological, and environ-
mental characteristics into clearly defined developmental models. Particular at-
tention should be paid to maturity-sensitive assessment and the interplay between
relative age, biological maturation, training exposure, and selection opportunities.

Research in prediction and machine learning requires a greater focus on devel-
oping transparent models, properly handling missing data and class imbalances,
ensuring calibration and discrimination, and validating models on completely in-
dependent samples. External validation across different sports, countries, genders,
and developmental systems is crucial before integrating computational models
into high-stakes selection decisions.

Finally, future research should examine how to proactively combine objective
measurements with structured expert judgments without reinforcing existing se-
lection biases. Furthermore, increased methodological standardization regarding
outcome definitions and reporting would improve comparability and evidence

synthesis across talent identification studies.

7. Practical Implications

The findings of this review have numerous practical implications for coaches,
sports organizations, and policymakers involved in athlete development systems.

First, talent identification programs should move beyond traditional, single-
domain assessment models and adopt multidimensional frameworks that include
physical, technical, tactical, cognitive, and psychological indicators of athletes’ po-
tential.

Second, professionals should exercise caution when making early selection de-
cisions in youth sports. Due to the influence of biological maturation and relative
age, early performance should not be interpreted as a definitive indicator of long-
term athletic potential. Implementing maturation-sensitive assessment strategies
can help reduce selection bias and promote fairness in development pathways.

Third, talent identification processes should focus on longitudinal monitoring
of athletes rather than single-stage assessments. Continuous evaluation across de-
velopmental stages can provide a more nuanced understanding of athletes’” pro-
gress and reduce the risk of prematurely excluding late-developing athletes.

Fourth, emerging technologies, such as machine learning and advanced perfor-
mance analytics, offer valuable opportunities to support decision-making within
talent identification systems. However, these tools should be carefully integrated
and used as complementary resources alongside expert assessment, rather than

being considered fully automated selection mechanisms.

8. Conclusion

Talent identification remains one of the most complex and challenging predictive

tasks in sports science. The evidence compiled in this systematic review demon-
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strates that athlete development is influenced by a wide range of interacting bio-
logical, psychological, technical, and environmental factors, making early predic-
tions of outstanding performance inherently uncertain.

The findings suggest that traditional talent identification models, which rely
solely on indicators of physical performance, are insufficient to accurately predict
long-term athletic success. Instead, contemporary research increasingly supports
multidimensional and hybrid approaches that integrate objective diagnosis, ex-
pert assessment, and computational analysis.

At the same time, structural biases associated with biological maturation and
the effects of relative age continue to influence the selection processes of young
athletes, highlighting the need for assessment frameworks adapted to maturation
and more flexible developmental pathways.

Looking ahead, the ongoing integration of longitudinal athlete monitoring,
multidimensional analysis, and advanced data analytics offers promising oppor-
tunities to improve the reliability and fairness of talent identification systems. By
adopting scientific and ethically responsible approaches, sports organizations can

better support the identification and development of future elite athletes.

Conflicts of Interest

The author declares no conflicts of interest regarding the publication of this paper.

References

Andrew, M., Wood, S., Oliva-Lozano, J. M., Van Rijbroek, M., Cost, R., & Reeves, M. J.
(2025). Environmental Factors Associated with Talent Identification of Women’s Youth
National Team Soccer Players in the United States. PLOS ONE, 20, €0333065.

https://doi.org/10.1371/journal.pone.0333065

Baker, J., & Wattie, N. (2018). Innate Talent in Sport. Current Issues in Sport Science
(CISS), 3, Article 006. https://doi.org/10.36950/2018¢iss006

Barraclough, S., Till, K., Kerr, A., & Emmonds, S. (2024). Exploring the Relationships be-
tween Potential, Performance, and Athleticism in Elite Youth Soccer Players. Interna-
tional Journal of Sports Science & Coaching, 19, 2424-2437.
https://doi.org/10.1177/17479541241270192

Barraclough, S., Till, K., Kerr, A., & Emmonds, S. (2025a). An Examination of Signs, Sam-
ples and Subjective Expert Opinion as Predictors of (de)selection in a Youth Male Soccer
Academy in the UK. Journal of Sports Sciences, 44, 2550-2560.
https://doi.org/10.1080/02640414.2025.2490882

Barraclough, S., Till, K., Kerr, A., & Emmonds, S. (2025b). Challenges and Solutions to
Talent (de)Selection and Development in a Youth Soccer Academy: The Implementation
of a Multidisciplinary Athlete Profiling Tool. Frontiers in Psychology, 16, Article ID:
1636386. https://doi.org/10.3389/fpsyg.2025.1636386

Beldman, E. E.,, Tsang, S. M., Dennis, S. M., Halley, S. L., Liu, C,, Liu, S. J. et al. (2025).
Exploring the Essential Characteristics for Talent Identification in Volleyball: Insights
from Elite Coaches. International Journal of Sports Science & Coaching, 21, 51-63.
https://doi.org/10.1177/17479541251359875

Bergkamp, T. L. G., Frencken, W. G. P., Niessen, A. S. M., Meijer, R. R, & den Hartigh, R.

DOI: 10.4236/ape.2026.164011

167 Advances in Physical Education


https://doi.org/10.4236/ape.2026.164011
https://doi.org/10.1371/journal.pone.0333065
https://doi.org/10.36950/2018ciss006
https://doi.org/10.1177/17479541241270192
https://doi.org/10.1080/02640414.2025.2490882
https://doi.org/10.3389/fpsyg.2025.1636386
https://doi.org/10.1177/17479541251359875

I. Mahmoud

J. R. (2022). How Soccer Scouts Identify Talented Players. Furopean Journal of Sport
Science, 22, 994-1004. https://doi.org/10.1080/17461391.2021.1916081

Cobley, S., Baker, J., Wattie, N., & McKenna, J. (2009). Annual Age-Grouping and Athlete
Development. Sports Medicine, 39, 235-256.
https://doi.org/10.2165/00007256-200939030-00005

Cuba-Dorado, A., Garcia-Garcia, O., Morales-Sanchez, V., & Herndndez-Mendo, A.
(2020). The Explanatory Capacity of Talent Identification Tests for Performance in Tri-

athlon Competitions: A Longitudinal Analysis. Journal of Human Kinetics, 75, 185-193.
https://doi.org/10.2478/hukin-2020-0047

Datson, N., Weston, M., Drust, B., Gregson, W., & Lolli, L. (2020). High-Intensity Endur-
ance Capacity Assessment as a Tool for Talent Identification in Elite Youth Female Soc-

cer. Journal of Sports Sciences, 38, 1313-1319.
https://doi.org/10.1080/02640414.2019.1656323

Dimundo, F., Cole, M., Blagrove, R. C., McAuley, A. B. T., Till, K., & Kelly, A. L. (2021).
Talent Identification in an English Premiership Rugby Union Academy: Multidiscipli-

nary Characteristics of Selected and Non-Selected Male Under-15 Players. Frontiers in
Sports and Active Living, 3, Article ID: 688143.
https://doi.org/10.3389/fspor.2021.688143

Doncaster, G., Medina, D., Drobnic, F., Gdmez-Diaz, A. J., & Unnithan, V. (2020). Appre-
ciating Factors Beyond the Physical in Talent Identification and Development: Insights

from the FC Barcelona Sporting Model. Frontiers in Sports and Active Living, 2, Article
ID: 91. https://doi.org/10.3389/fspor.2020.00091

Dugdale, J. H., Sanders, D., Myers, T., Williams, A. M., & Hunter, A. M. (2020). A Case
Study Comparison of Objective and Subjective Evaluation Methods of Physical Qualities
in Youth Soccer Players. Journal of Sports Sciences, 38, 1304-1312.
https://doi.org/10.1080/02640414.2020.1766177

Ford, P. R,, Bordonau, J. L. D., Bonanno, D., Tavares, J., Groenendijk, C., Fink, C. et al.
(2020). A Survey of Talent Identification and Development Processes in the Youth Acad-
emies of Professional Soccer Clubs from around the World. Journal of Sports Sciences,
38,1269-1278. https://doi.org/10.1080/02640414.2020.1752440

Fortin-Guichard, D., Huberts, L., Sanders, J., van Elk, R., Mann, D. L., & Savelsbergh, G.J.
P. (2022). Predictors of Selection into an Elite Level Youth Football Academy: A Longi-
tudinal Study. Journal of Sports Sciences, 40, 984-999.
https://doi.org/10.1080/02640414.2022.2044128

Han, M., G6mez-Ruano, M., Calvo, A. L., & Calvo, J. L. (2023). Basketball Talent Identifi-
cation: A Systematic Review and Meta-Analysis of the Anthropometric, Physiological

and Physical Performance Factors. Frontiers in Sports and Active Living, 5, Article ID:
1264872. https://doi.org/10.3389/fspor.2023.1264872

Hohmann, A., & Siener, M. (2021). Talent Identification in Youth Soccer: Prognosis of U17
Soccer Performance on the Basis of General Athleticism and Talent Promotion Inter-
ventions in Second-Grade Children. Frontiers in Sports and Active Living, 3, Article ID:
625645. https://doi.org/10.3389/fspor.2021.625645

Héner, O., Bergmann, F., & Leyhr, D. (2025). “Don’t Forget the Number 1 in Soccer Talent
Research!”—Predictive Validity of Objectively Tested Motor Attriutesand Subjectively
Rated Position-Specific Skills in Elite Youth Goalkeepers. Journal of Sports Sciences, 44,
2251-2265. https://doi.org/10.1080/02640414.2025.2517974

Hoéner, O., Murr, D., Larkin, P., Schreiner, R., & Leyhr, D. (2021). Nationwide Subjective
and Objective Assessments of Potential Talent Predictors in Elite Youth Soccer: An In-
vestigation of Prognostic Validity in a Prospective Study. Frontiers in Sports and Active

DOI: 10.4236/ape.2026.164011

168 Advances in Physical Education


https://doi.org/10.4236/ape.2026.164011
https://doi.org/10.1080/17461391.2021.1916081
https://doi.org/10.2165/00007256-200939030-00005
https://doi.org/10.2478/hukin-2020-0047
https://doi.org/10.1080/02640414.2019.1656323
https://doi.org/10.3389/fspor.2021.688143
https://doi.org/10.3389/fspor.2020.00091
https://doi.org/10.1080/02640414.2020.1766177
https://doi.org/10.1080/02640414.2020.1752440
https://doi.org/10.1080/02640414.2022.2044128
https://doi.org/10.3389/fspor.2023.1264872
https://doi.org/10.3389/fspor.2021.625645
https://doi.org/10.1080/02640414.2025.2517974

I. Mahmoud

Living, 3, Article ID: 638227. https://doi.org/10.3389/fspor.2021.638227

Johnston, K., Wattie, N., Schorer, J., & Baker, J. (2018). Talent Identification in Sport: A
Systematic Review. Sports Medicine, 48, 97-109.
https://doi.org/10.1007/s40279-017-0803-2

Kelly, A. L., Till, K., Jackson, D., Barrell, D., Burke, K., & Turnnidge, J. (2021). Talent Iden-
tification and Relative Age Effects in English Male Rugby Union Pathways: From Entry

to Expertise. Frontiers in Sports and Active Living, 3, Article ID: 640607.
https://doi.org/10.3389/fspor.2021.640607

King, M., Brown, M., Cox, J., McLellan, R., Towlson, C., & Barrett, S. (2024). Talent Iden-
tification in Soccer: The Influence of Technical, Physical and Maturity-Related Charac-
teristics on a National Selection Process. PLOS ONE, 19, €0298359.
https://doi.org/10.1371/journal.pone.0298359

Larkin, P., Marchant, D., Syder, A., & Farrow, D. (2020). An Eye for Talent: The Recruiters’
Role in the Australian Football Talent Pathway. PLOS ONE, 15, €0241307.
https://doi.org/10.1371/journal.pone.0241307

Leyhr, D., Bergmann, F., Raabe, J., & Honer, O. (2025). Multidimensional Performance
Assessments in U15 Female Soccer: The Predictive Validity for Different Selection Levels
in U17 and Success in Adulthood. European Journal of Sport Science, 25, e12335.
https://doi.org/10.1002/ejsc.12335

Liu, C., Xu, B., Wan, K,, Sun, Q., Wang, R,, Feng, Y. et al. (2024). Improved Prediction of
Swimming Talent through Random Forest Analysis of Anthropometric and Physiologi-
cal Phenotypes. Phenomics, 4, 465-472. https://doi.org/10.1007/s43657-024-00176-8

McCalman, W., Goddard, S. G., Fransen, J., Crowley-McHattan, Z. J., & Bennett, K. J. M.
(2025). Experienced Academy Soccer Coaches’ Perceptions of Evaluating Talented
Youth Soccer Players’ Skilfulness in Small-Sided Games: A Mixed-Methods Study. Sci-
ence and Medicine in Football, 10, 388-400.
https://doi.org/10.1080/24733938.2025.2536538

McEwan, G. P., Unnithan, V. B., Carter, M., Dugdale, J. H., & Datson, N. (2026). Talent
Identification and Development Strategies in Elite Women’s Soccer: A Pan-European
Perspective. Science and Medicine in Football, 10, 96-104.
https://doi.org/10.1080/24733938.2024.2404920

Morganti, G., Kelly, A. L., Lascu, A., Brustio, P. R., Padua, E., Filetti, C. et al. (2025). Rela-
tive Age Effects in European Soccer: Their Association with Contextual Factors, Impact

on Youth National Teams’ Performance, and Presence at the Senior Level. Frontiers in
Sports and Active Living, 7, Article ID: 1546978.
https://doi.org/10.3389/fspor.2025.1546978

Page, M. ]., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D. et
al. (2021). The PRISMA 2020 Statement: An Updated Guideline for Reporting System-
atic Reviews. BMJ, 372, n71. https://doi.org/10.1136/bmj.n71

Romann, M., & Fuchslocher, J. (2020). Improving Talent Identification through Analysis
and Consideration of Biological and Relative Age. Children, 7, Article 74.

Rubajczyk, K., & Rokita, A. (2020). The Relative Age Effect and Talent Identification Fac-

tors in Youth Volleyball in Poland. Frontiers in Psychology, 11, Article ID: 1445.
https://doi.org/10.3389/fpsyg.2020.01445

Sarmento, H., Anguera, M. T., Pereira, A., & Aradjo, D. (2018). Talent Identification and
Development in Male Football: A Systematic Review. Sports Medicine, 48, 907-931.
https://doi.org/10.1007/s40279-017-0851-7

Saward, C., Hulse, M., Morris, J. G., Goto, H., Sunderland, C., & Nevill, M. E. (2020). Lon-

DOI: 10.4236/ape.2026.164011

169 Advances in Physical Education


https://doi.org/10.4236/ape.2026.164011
https://doi.org/10.3389/fspor.2021.638227
https://doi.org/10.1007/s40279-017-0803-2
https://doi.org/10.3389/fspor.2021.640607
https://doi.org/10.1371/journal.pone.0298359
https://doi.org/10.1371/journal.pone.0241307
https://doi.org/10.1002/ejsc.12335
https://doi.org/10.1007/s43657-024-00176-8
https://doi.org/10.1080/24733938.2025.2536538
https://doi.org/10.1080/24733938.2024.2404920
https://doi.org/10.3389/fspor.2025.1546978
https://doi.org/10.1136/bmj.n71
https://doi.org/10.3389/fpsyg.2020.01445
https://doi.org/10.1007/s40279-017-0851-7

I. Mahmoud

gitudinal Physical Development of Future Professional Male Soccer Players: Implica-
tions for Talent Identification and Development? Frontiers in Sports and Active Living,
2, Article ID: 578203. https://doi.org/10.3389/fspor.2020.578203

Severin, J., Abel, T., & Schapschréer, M. (2025). Evaluating Talent Identification in Junior
Track and Field Athletes in Germany: Insights from Sport Motor and Anthropometric
Testing. German Journal of Exercise and Sport Research, 55, 499-510.
https://doi.org/10.1007/s12662-025-01053-w

Sgro, F., Quinto, A., Lipoma, M., & Stodden, D. (2024). A Multidimensional Approach to
Talent Identification in Youth Volleyball through Declarative Tactical Knowledge and
Functional Fitness. Journal of Functional Morphology and Kinesiology, 9, Article 29.
https://doi.org/10.3390/jfmk9010029

Siener, M., Faber, 1., & Hohmann, A. (2021). Prognostic Validity of Statistical Prediction
Methods Used for Talent Identification in Youth Tennis Players Based on Motor Abili-
ties. Applied Sciences, 11, Article 7051. https://doi.org/10.3390/app11157051

Tang, Q., Wei, X., & Tan, B. (2026). The Role of Machine Learning in Talent Identification
for Team Sports: A Systematic Review. Journal of Sports Science and Medicine, 25, 58-
83. https://doi.org/10.52082/jssm.2026.58

Till, K., & Baker, J. (2020). Challenges and [Possible] Solutions to Optimizing Talent Iden-
tification and Development in Sport. Frontiers in Psychology, 11, Article ID: 664.
https://doi.org/10.3389/fpsyg.2020.00664

Vaeyens, R., Lenoir, M., Williams, A. M., & Philippaerts, R. M. (2008). Talent Identification
and Development Programmes in Sport: Current Models and Future Directions. Sports
Medicine, 38, 703-714. https://doi.org/10.2165/00007256-200838090-00001

Zhao, ]., Xiang, C., Kamalden, T. F. T., Dong, W., Luo, H., & Ismail, N. (2024). Differences
and Relationships between Talent Detection, Identification, Development and Selection

in Sport: A Systematic Review. Heliyon, 10, €27543.
https://doi.org/10.1016/j.heliyon.2024.e27543

DOI: 10.4236/ape.2026.164011

170 Advances in Physical Education


https://doi.org/10.4236/ape.2026.164011
https://doi.org/10.3389/fspor.2020.578203
https://doi.org/10.1007/s12662-025-01053-w
https://doi.org/10.3390/jfmk9010029
https://doi.org/10.3390/app11157051
https://doi.org/10.52082/jssm.2026.58
https://doi.org/10.3389/fpsyg.2020.00664
https://doi.org/10.2165/00007256-200838090-00001
https://doi.org/10.1016/j.heliyon.2024.e27543

I. Mahmoud

Appendix. Supplementary Table

Table S1. Study-level methodological quality and risk-of-bias appraisal.
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Stud
ay approach

Evidence/design

Principal strengths

Overall

Principal concerns methodological

Andrew et al. Observational,

JBI observational

(2025) female youth soccer
Ob tional/
Barraclough et al. ?el.'va 1or‘1a .
multidimensional JBI observational
(2024)
soccer
Barraclough et al. Predictive JBI + prediction do-

(2025a) classification, soccer mains

Beldman et al.
(2025, 2026)

litative, volleyball
Qualitative, volleyba JBI qualitative
coaches

Bergkamp et al. Cross-sectional .
JBI cross-sectional
(2022) survey; 125 scouts
Cuba-Dorado et Longitudinal;
) JBI cohort
al. (2020) 247 triathletes
Datson et al. Retrospective JBI + prediction
(2020) predictive; 228 players domains
Dimundo et al. Cross-sectional JBI analytical

(2021) rugby; n=74 cross-sectional
Doncaster et al.

(2020)

Developmental/ Desi iat
esign-appropriate
contextual soccer gfi-approp

Case comparison;
80 players + 12
coaches

Dugdale et al.

JBI cross-sectional
(2020)

International survey;

Ford et al. (2020) JBI cross-sectional

29 clubs
Fortin-Guichard  Longitudinal; 110
JBI cohort
et al. (2022) players
Systematic AMSTAR 2
Han et al. (2023) . . .
review/meta-analysis domains

Hoh t al. P tive/
ofmant eta rosp e.c tve PROBAST-oriented
(2021) prognostic soccer
Honer et al. Prospective JBI cohort +
(2021) nationwide; n = 13,869 PROBAST
Ho t al. Predictive validity,
onereta retive vatdity PROBAST-oriented
(2025) soccer
Observational

Kelly et al. (2021) JBI observational

pathway/RAE, rugby

National selection;
n =90

JBI analytical

King etal. (2024) cross-sectional

Defined national youth

pathway
Applied
multidimensional
assessment

Integrates objective/
subjective information

Sport-specific expert
knowledge

Specialist scout sample

Longitudinal
competition outcomes

Objective tests;
later outcome

Multidisciplinary
measures

Contextual
developmental

Objective-subjective
comparison

International practice
evidence

Predictors precede
academy selection

PRISMA; multiple

databases; meta-analysis

Prospective prognostic

design
Very large prospective
sample

Objective/subjective
comparison

Multiple pathway levels

Technical/physical/
maturity data

Context-specific;

. . Some concerns
residual confounding

Context-specific;
long-term validity
limited
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Academy-specific;
external validation Some concerns
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Subjective evidence;
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transferability

Self-report;

no prospective Some concerns

verification

Sport-specific; limited
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transportability

Retrospective; selected
Some concerns
sample

Single academy;

selection # long-term  Some concerns

outcome

Limited causal
i Some concerns
inference

Single setting; small
Some concerns
coach sample

Self-report/response
bi Some concerns
ias

Single programme;
g. prog ’ Some concerns
proximal outcome

Heterogeneity; Moderate confi-
primary-study dence/some
limitations concerns
Transportability;

Some concerns
construct coverage

Programme-specific
Lower concern
outcomes

External validation/
o Some concerns
generalizability

Contextual/pathway
. Some concerns
confounding

Contemporaneous
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selection outcome
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Continued

Larkin et al.
(2020)

Qualitative; L
. JBI qualitative
12 recruiters

Prospective cohort; JBI cohort +

Leyhr et al. (2025)

=264 PROBAST
ML; 5444
Liu et al. (2024) baseline/4969 PROBAST
follow-up
McCalman et al. Mixed methods,
MMAT

(2025) soccer coaches

McEwan et al. .
Pan-European survey JBI cross-sectional

(2026)
Morganti etal.  Observational RAE, .
JBI observational
(2025) soccer
Romann &
Developmental/TID . .
Fuchslocher . Design-appropriate
evidence
(2020)
Rubajczyk & Cross-sectional JBI analytical
Rokita (2020) volleyball cross-sectional
Saward et al. Longitudinal;
JBI cohort
(2020) n = 2875
Severin et al. Retrospective; .
JBI observational
(2025) n=1311
Multidimensional JBI analytical

Sgro et al. (2024)

volleyball; n = 55 cross-sectional

Siener etal.  Long-term prediction;

Experienced
recruiters

Prospective
multidimensional later

Large cohort;
3-year follow-up

Applied mixed-methods
evidence

Multi-country
perspective

Broad contextual scope

Biological/relative-age
focus

Federation-organized
TID setting

Large longitudinal
professional outcome

Large standardized
dataset

Multiple performance
domains

Compares prediction

Small specialist sample

National-programme
context

External validation/
interpretability

Specialist sample;
transferability
Self-report;
non-longitudinal

outcomes

Ecological associations;
confounding

Context/design
limitations

Maturation/age
confounding

Selection/survivorship
influences

Squad discrimination #
future success

Small sample;
generalizability

Moderate sample;

Some concerns

Lower concern

Some concerns

Some concerns

Some concerns

Some concerns

Some concerns

Some concerns

Lower concern

Some concerns

Some concerns

PROBAST L Some concerns
(2021) n=174 approaches external validation
. . . . Moderate
Systematic review of AMSTAR 2 Validation/ Heterogeneous primary
Tang et al. (2026) . . o K confidence/some
ML domains interpretability focus ML evidence
concerns
Till & Baker Conceptual/ . Methodological No empirical effect N/A—conceptual
] Not applicable ) ] .
(2020) methodological challenges/solutions estimate evidence

Note. Because the included evidence comprised heterogeneous quantitative, qualitative, mixed-methods, prediction-modelling, sys-
tematic-review, and conceptual records, no common numerical quality score was calculated. The table summarizes design-specific
methodological strengths and limitations informed by established appraisal frameworks. Judgments should therefore be interpreted
within study design rather than compared directly across different appraisal tools. Conventional empirical risk-of-bias assessment
was not applicable to conceptual evidence.
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