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ABSTRACT  
Talent pathways are longitudinal and multidimensional in nature 
offering developmental environments for athletes that incorporate 
multiple processes at multiple timepoints. Recent reviews have 
unilaterally targeted static talent areas (i.e. talent detection and 
identification). This review aimed to identify quantitative and 
qualitative studies with longitudinal designs, within an elite athlete 
population, that considered development and selection literature 
collectively. Taking a novel pragmatic approach achieved pluralism 
in a strive to greatly advance our methodological understanding to 
acquire knowledge of more effective talent development in sport. 
This review followed the Preferred Reporting Items for Systematic 
Review and used a Meta-aggregation methodology. A search of 
talent development and selection literature identified 41 quantitative 
and 3 qualitative longitudinal studies. Overall, ten (quantitative) 
studies investigated interactions between multidimensional selection 
(i.e. measures of performance) and development characteristics; 
performance variables changed non-linearly alongside talent 
development characteristics. No longitudinal mixed-method research 
studies were found. For practitioners, multiple performance measures 
need to be considered alongside development characteristics to 
better assess talent. For researchers, the design of this review models 
an epistemological and ontological congruent approach that can be 
used to facilitate the design of future mixed-method and longitudinal 
research; capturing the dynamic and multifaceted individual 
differences of talent development.
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Introduction

Recent literature suggests the concept of talent can be multifaceted, multidimensional, 
and dynamic (Baker et al., 2019). The lack of a concrete definition of talent suggests 
talent programs do not currently have optimal guidance for effective talent development 
(Baker et al., 2017). To better operationalise and define talent, literature suggests four 
areas pertinent to talent pathway systems. Talent detection finds potential athletes 
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suitable for consideration of talent programs. Talent identification formally invites athletes 
into talent programs. Talent development aims to provide an environment to accelerate 
athletes’ potential. Talent selection measures athletes’ performance during talent develop
ment in order to retain or transition athletes in or out of talent pathways (Reilly et al., 2000; 
Till & Baker, 2020).

A consideration of talent programs and talent research within distinct areas (e.g. detec
tion, identification, development, & selection), allows for a clearer understanding of what 
is known and what limitations are currently present within existing literature (Williams 
et al., 2020). So far, talent detection, identification, development, and selection studies 
could be considered as any study that examines a (multidimensional) performance 
characteristic (Huijgen et al., 2014). Within the literature many studies have examined per
formance characteristics in silo (Johnston et al., 2018), likely due to practicality constraints 
associated with complex and time-consuming multidisciplinary longitudinal research 
designs when working in an elite sport environment (Farrow et al., 2018). This may 
explain why an examination of the relatively standalone and static processes involved 
in talent detection and identification have been popular in recent reviews (Baker et al.,  
2020; Faber et al., 2016; Gledhill et al., 2017; Johnston et al., 2018; Koopmann et al., 2020).

These reviews (Baker et al., 2020; Faber et al., 2016; Gledhill et al., 2017; Johnston et al.,  
2018; Koopmann et al., 2020) have led to an understanding that the literature contains an 
overrepresentation of talent identification studies that primarily examine physiological 
characteristics (Johnston et al., 2018; Koopmann et al., 2020; Murr et al., 2018) and 
employ cross-sectional designs in predominantly male samples. Adopting a cross-sec
tional design is likely popular because it also lends itself to the somewhat static nature 
of these talent processes. That is, the identification of talent by measurement(s) over a 
relatively short time scale. However, several studies have adopted longitudinal or retro
spective research methods (Johnston et al., 2018) that involve comparing an athlete’s per
formance during adolescence with their eventual career outcomes. This research aims to 
identify early traits that may predict future career success. Here studies typically measure 
physiological maturity processes (Le Gall et al., 2010; Ostojic et al. 2014; Till et al., 2015) 
due to the strong relationships between physical performance metrics and one’s matu
ration e.g. size, strength, power, and speed (Malina et al., 2004; Till et al., 2015; Howard 
et al., 2016). As a result, talent identification and selection biases associated with physio
logical attributes have emerged. For example, age effects where relatively older athletes 
have increased selection opportunities (e.g. Barnsley, Thompson & Barnsley, 1985; Jones 
et al., 2018). However, despite maturation factors featuring heavily in talent identification 
processes (Till & Baker, 2020), they don’t reliably predict career success (Le Gall et al., 2010; 
Ostojic et al. 2014; Till et al., 2016) with recent research indicating that future success is 
often linked to relatively later maturation (see Jones et al., 2018; Gottwald et al., 2021).

In contrast, to talent identification, talent development and selection are longitudinal 
in nature. Research in this area could be considered as any study that examines a (multi
dimensional) characteristic that helps or hinders an athlete’s development or progression 
(Gagné, 2004). More specifically, talent selection and development research could be 
considered as any study that measures a (multidimensional) characteristic for use as a 
determinant of performance (e.g. Huijgen et al., 2014) and ultimately talent enhancement 
(e.g. considering strategies to enhance the performance further [talent development] 
and/or status i.e. using the performance metric(s) to inform decisions around retaining 
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or transitioning talent out of or up the pathway [talent selection]). Research around talent 
development and selection has received relatively little attention in comparison to talent 
detection and identification (Till & Baker, 2020). Furthermore, despite the dynamic and 
multifaceted processes highlighted within talent development and selection, studies 
that have investigated these processes have employed cross-sectional designs and exam
ined potential factors in silo. This approach has resulted in a dearth of longitudinal and 
multidimensional talent development and selection research (Burgess & Naughton,  
2010; Rees et al., 2016).

Similarly, there remains a gap in the literature examining how talent development and 
talent selection interact over time (Williams et al., 2020). Moving in this research direction 
would advance knowledge by highlighting factors during the process of talent develop
ment that may impact upon talent selection. In addition, adopting a combined approach 
would help better understand the dynamic factors that impact selection during develop
ment; something currently not well understood and warranted to advance and unite the 
respective literatures (Baker et al., 2022; Dehghansai et al., 2022; Wrang et al., 2022). This 
combined approach is also important when one considers the processes within talent 
pathways/programmes. Here, the athlete’s level of performance during development 
determines whether they are selected to continue to be developed or deselected out 
of the pathway/programme (Baker et al., 2020). Furthermore, the dearth of longitudinal 
designs means it is currently challenging for researchers to inform talent pathways/pro
grammes, particularly when one considers that expertise is developed over many years 
and athletes do not follow linear trajectories (Ericsson et al., 1993; Gulbin et al., 2013). 
Investigating longitudinal multidisciplinary talent development research that includes 
environmental characteristics (e.g. coaching & practice structure), in conjunction with 
their respective impact on talent selection, will therefore greatly advance long-term 
athlete support during development; especially when considering individual differences 
(Phillips et al., 2010).

Additionally, recent research (Till & Baker, 2020) indicates that organisations should 
aim to develop a sports specific comprehensive performance model that provides a 
talent identification and development vision that incorporates evidence-based physical, 
psychological, technical, and technical objectives for different ages and stages of the 
sport (also see the concept of the ‘mental model’ by Richards et al., 2012; Tee et al.,  
2018). Creating such a performance model would require an intricate analysis of the 
sport’s demands with the need for a focus on interactions between physical, psychologi
cal, technical, and tactical factors and would require deep understanding of the talent 
development and selection literature (Till & Baker, 2020). The aim of this systematic 
review is to provide a deeper understanding of talent by considering longitudinal 
talent development and selection literature collectively. This novel approach will 
advance both the academic and practitioner understanding of effective talent develop
ment and selection in sport by helping inform comprehensive performance models. To 
our knowledge, no review has attempted to systematically review both quantitative 
and qualitative longitudinal research across more than one talent area (i.e. talent devel
opment & selection). With an overrepresentation of quantitative studies in the study of 
Talent (Johnston et al., 2018), strengths of capturing individual developmental journeys 
can be missed. Therefore, we applied a Pragmatic philosophy that afforded a mixed 
method approach (i.e. included and reviewed both quantitative and qualitative articles) 
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to help enhance current understanding and future design of talent development litera
ture; to highlight what is currently known and provide a methodological approach to 
reviews that facilities mixed-method designs. The specific rationale being that a Pragmatic 
approach may be better suited to understanding the dynamic characteristics that impact 
selection during development and perhaps advance and unite the respective quantitative 
and qualitative literatures (Baker et al., 2022; Dehghansai et al., 2022; Wrang et al., 2022). 
To address this gap in the knowledge, it is important to acknowledge where this systema
tic review’s epistemology and ontology is derived to understand the gravitas of what we 
believe is the first attempt to synthesise an epistemologically congruent systematic 
review in Talent research.

Essentially, epistemology is the theory of knowledge (e.g. Borge, 2015; Sparkes & 
Smith, 2013) and ontology is the existence of our reality (e.g. Lincoln and Guba, 1985). 
Both epistemology and ontology are intrinsically linked because how researchers 
acquire is dictated by researchers’ view of reality (i.e. ‘there is one reality that can be frag
mented and measured independently through prediction and control’ versus ‘there are 
multiple constructed realities that can only be measured holistically’; for an in-depth dis
cussion of the nature of inquiry, see Lincoln and Guba 1985). In light of this, researchers’ 
epistemology and ontology dictate their choice of research method to acquire knowl
edge. For example, a researcher whom has adopted a quantitative method (e.g. an exper
imental laboratory design) aligns with an epistemology (e.g. positivism) that assumes 
knowledge can be acquired by objectively measuring an external reality (realism). In con
trast, a researcher that adopts a qualitative research method aligns with an epistemology 
(e.g. constructivism) that assumes knowledge can be acquired by subjectively observing 
multiple realities (relativism).

Pragmatism however, is a paradigm that allows both quantitative and qualitative 
methods to be conducted because of a given flexibility in standpoint (Patton, 1990). In 
essence, a pragmatic paradigm assumes neither (e.g. positivist or constructivist) epis
temological standpoint in an attempt for reconciliation. In doing so, a pragmatic view
point adopts critical realist ontology; an ontology that assumes whilst truth can be 
objectively and externally measured, how we view truth, and thereby knowledge, is sub
jective and constructed by individuals (Sparkes & Smith, 2013). With pragmatic and critical 
realist ontology in mind, it was imperative to select a meta-aggregation methodology; a 
qualitative systematic review method underpinned in pragmatism that enables the syn
thesis of different epistemological studies that utilise qualitative research (e.g. ethnogra
phy, phemonology & constructivism).

To achieve a meta-aggregation, authors’ original findings from included studies should 
not be re-interpretated as part of a systematic review synthesis; instead, studies are aggre
gated and categorised into an overarching finding (Lockwood et al., 2015); an overall 
finding must be supported by two or more findings. If authors’ original findings from 
included studies were re-interpretated prior to categorisation, a constructivist or interpre
tivist epistemology would be adopted and thus call into question the epistemological 
continuity of this systematic review. Moreover, due to the scope and variation in research 
designs and methods, a narrative analysis was deemed most appropriate (Popay et al.,  
2006; Siddaway et al., 2019).

Without a pragmatic approach, synthesising a review that is comprised of studies that 
utilised quantitative, qualitative and/or mixed-method research methods would be 
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problematic because switch between epistemological standpoints (e.g. positivist and con
structivist) could occur within the same review (Ryba, et al., 2022). Therefore, an apparent 
difficulty in synthesising a review that can remain firm within a congruent epistemology 
may perhaps explain why, to our knowledge, no one has attempted to conduct a systema
tic review that incorporates studies that have utilised both quantitative and qualitative 
research methods within the Talent domain.

Thus, the current review’s epistemological and ontological standpoint (pragmatism & 
critical realism ontology) provides an approach that can happily marry quantitative and 
qualitative research method; a worthwhile attempt when considering a recent call for 
an advancement in mixed-method methodology to enhanced understanding of phenom
ena (Ryba et al., 2022). Therefore, the aim of this systematic review is twofold. One, to 
identify quantitative and qualitative longitudinal designs, within an elite athlete popu
lation, that investigated development and selection characteristics. Two, design a 
mixed-method review that adopts pluralism to facilitate future longitudinal, mixed- 
method research; a worthwhile step towards encouraging future mixed methods research 
in an attempt to more greatly advance our understanding of effective talent development 
in sport. In doing so, we hope to encourage and direct future longitudinal and multidis
ciplinary talent research by providing greater understanding of the existing literature. 
Additionally, the observations within the reviews can help shape future research and 
applied work that aim to inform talent pathways/programmes by providing more 
effective long term athlete support during development, whilst simultaneously reducing 
the likelihood of talent being overlooked or missed within development programmes 
(Baker, et al., 2020; Johnston & Baker, 2020).

Methods

Meta-aggregation

It is important authors have congruence between the purpose of their review, method, 
and methodology of data extraction particularly when synthesising qualitative studies. 
Consequently, this has led to the evolution of over 30 different methods to synthesis 
qualitative research (Noyes et al., 2018). These methods may broadly fit into two cat
egories of reviews, namely aggregative (descriptive) reviews and configuring (iterative) 
reviews (see Gough, 2012). Specific aggregative reviews such as meta-aggregation 
collate evidence to inform policy decision making (e.g. Munn et al., 2019). In contrast, 
configuring reviews tend to seek new knowledge through understanding and enlighten
ment (Gough et al., 2012). As such, since configuring (iterative) methods would be largely 
incongruent to included quantitative research, we did not consider inductive methods for 
synthesising qualitative research (e.g. meta-ethnography, Noblit & Hare, 1988; Barnett- 
Page & Thomas, 2009). Our choice of design was guided by the RETREAT guidance of 
Booth et al. (2018) for choosing appropriate method and methodology. In doing so, we 
found adopting a pragmatic approach (e.g. Morgan, 2007) through utilisation of a 
meta-aggregation the most appropriate for synthesising quantitative and qualitative 
studies collectively. In doing so, a pragmatic methodology and meta-aggregation 
method helps to achieve our second aim of the review: to achieve pluralism to help 
guide and facilitate future longitudinal and mixed-method research.
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To our knowledge, this design of systematic review is the first in sport and exercise 
science that achieves pluralism as it models an epistemological congruent approach to 
synthesis both quantitative and qualitative research collectively. Our design was appropri
ate to capture a broad research question of a complex and dynamic topic (i.e. what quan
titative and qualitative studies, with longitudinal designs within an elite athlete 
population, exist that has considered development and selection literature collectively). 
Because of the heterogeneous nature of studies, it was most appropriate to conduct a nar
rative synthesis as part of this systematic review (e.g. Popay et al., 2006).

Eligibility criteria

To identify studies that measure performance and development characteristics within an 
elite athlete population, the inclusion criteria were derived from similar reviews published 
in elite talent development (Johnston et al., 2018; Rees et al., 2016). Specifically, the study 
needed to have a longitudinal panel design whereby the length of data collection was at 
least 12 months or longer whereby measurements were taken at least twice during this 
period (i.e. baseline and time point one); at least one group of athletes had trained or rep
resented a minimum of a national level1; and studies had been through the peer review 
process and were written in English been published between January 1990 and January 
2020. To avoid replicating the work of the previous reviews, we excluded studies with 
talent ‘identification’ within their title or abstract. Studies were excluded if they had 
assessed the predictive validity of performance characteristics between higher or lower 
skill groups (e.g. Schorer et al., 2020). Assessing studies for at least a minimum two 
time points measured within a minimum 12-month duration attempted to capture a 
dynamic aspect within talent development (i.e. talent development and selection 
literature).

To secure a better understanding of potential characteristics impacting talent develop
ment and selection, it was important to define talent development and talent selection 
studies within the literature. We considered and included a talent development study 
that measured a change in a multidimensional (i.e. physiological, psychosocial & techni
cal) characteristic that helps or hinders performance and/or development. For example, 
symptoms of burnout could be considered to negatively impact characteristics pertinent 
within talent development, such as performance goals and motivation (e.g. Daumiller & 
Janke, 2020; Bicalho et al., 2020). Therefore, a longitudinal study of burnout (that met 
the inclusion criteria) would have been categorised as a talent development study and 
included within the review (e.g. Isoard-Gautheu et al., 2015). In contrast, we categorised 
a talent selection study if it had measured a performance characteristic at multiple time 
points (e.g. tactical skill) during development (e.g. Kannekens et al., 2009). We therefore 
categorised and excluded talent identification or detection studies, which measured a 
single time point of performance. For example, a study may have assessed the predictive 
validity of a performance characteristic by observing adulthood selection into differentiat
ing performance groups (e.g. Höner et al., 2021; Schorer et al., 2020). Based upon the 
above definitions, we categorised a talent development and selection study as those 
studies which measured both a development and performance characteristic, at multiple 
time points within the same study. One example is Elferink-Gemser et al. (2006). They 
assessed changes in motivation and endurance performance. See Figure 1.
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Search strategy

The following search terms were developed and grounded in a range of sources. Firstly, 
visual inspection of a talent development internet and library search returned the key 
words listed in Table 1 as being commonly used in talent development literature. Sec
ondly, once key words had been identified, we inspected the reference lists and the 
search terms of previous talent development reviews (e.g. Johnston et al., 2018). Syno
nyms and closely related words were then added to the search strategy. Following this, 
the research team discussed and critiqued the search strategy and closely related 
words that were added. These words were collectively deemed important to answer 
the research question (i.e. what quantitative and qualitative studies, with longitudinal 
designs within an elite athlete population, exist that has considered development and 
selection literature collectively)? At the development of the search strategy, we chose 
not to include ‘elite’ as an individual search term to avoid inadvertently missing 
studies, which investigated an elite population but had not termed them as ‘elite’. 

Figure 1. A Logic Diagram Depicturing the Process of Categorising Included Studies.

Table 1. Search strategy.
Key word Synonym / Closely related

Longitudinal design NA
Talent Expertise, Athlete
Development Academy
Sport NA
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Instead, we had broader terms (e.g. ‘expertise’) to highlight potential studies that could 
then be refined by our exclusion criteria (e.g. at least one group had participated at a 
national level) could then determine whether studies were to be included.

Search 1 and 2
Due to time and restricted access, our search engines and limits ensured we used two 
electronic search platforms, Clarivate Web of Science, and Science Direct to search rel
evant databases in life science research (e.g. Medline & BIOSIS Citation Index™), and 
applied the following limits to the search: studies were journal articles published 
between January 1990 and January 2019; peer-reviewed; and published in English. We 
undertook the search of key terms in January 2019. Specifically, single line was used 
with the Boolean operator (AND). Therefore, the following search terms were entered 
manually into each database ‘Expertise AND Sport’, ‘Talent AND Development AND 
Sport’, ‘Longitudinal Design AND Academy Athletes’, ‘Longitudinal Talent Development 
AND Sport’, ‘Longitudinal Athlete Design’, ‘Longitudinal Athlete Development’. An 
updated search took place in August 2020. To ensure key articles were not missed, we 
performed a supplementary backward citation search whereby the reference list of 
each included study was scanned (Bethel et al., 2021). Due to time and practicality con
straints, no later searches were performed following August 2020.

Study selection and data extraction
A flow diagram of the identification, screening, and inclusion of studies can be seen in  
Figure 2. Studies were first screened (using the inclusion criteria) by their title and 
abstracts. We read the full text if a study’s eligibility could not be determined from 
reading the title or abstract alone. The first and second authors in the publications 
by-line completed this screening process. To help ensure a rigorous approach, 20% of 
potential articles were screened for inclusion by both authors. Where their authors 
respective choices to include or exclude were at odds, a discussion ensued and the 
authors screened the article together before agreeing on a final decision. All included 
studies were downloaded to a reference management tool (Mendeley Desktop, Elsevier, 
Netherlands) to facilitate full screening and data-extraction processes. Automated tools 
were not applied and instead we used Microsoft excel (Microsoft, USA) spread sheet for 
data extraction. Data included authors, title, year of publication, study design, duration 
of study (months), sport, level of athlete (national or above), number of time points exam
ined, main findings, statistical analysis, and conclusion.2 Similarly to when determining a 
study’s inclusion, duplicate data were extracted from a random subset of 20% of the 
included articles by the first and second authors in this publications by-line. The reporting 
of these data was then cross-checked for parity. When discrepancies occurred, the 
researchers sat together and extracted the required data as a pair to help ensure accuracy.

In January 2019, a search was conducted on the Web of Science and Science Direct 
search databases, which collectively identified 13,194 citations in a single search. Follow
ing the removal of 48 duplicates, the two researchers scanned the title and abstract of 
13,146 records. Of the scanned records, 42 studies met the inclusion criteria and 13,104 
studies were excluded. To help find additional studies that had not been returned follow
ing our original search, we scanned the reference lists of the 42 included studies. This 
identified an additional 126 articles and resulted in a total of 168 full-text articles being 
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assessed for eligibility. Of these, 42 (39 quantitative & 3 qualitative) met the inclusion 
criteria.

A second search of Web of Science and Science Direct was conducted in August 2020 
covering the period between January 2019 and August 2020. This returned 5,228 citations 
with no duplications. The title and abstract of these 5,228 records were screened as above 

Figure 2. A PRISMA Flow Diagram (Page et al., 2021).
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which resulted in 1 further study meeting the criteria for inclusion. Thus, a total of 43 
studies (40 quantitative & 3 qualitative) were included in the review.

Quality assessment

In line with JBI guidance, all included studies undertook a process of critique/appraisal 
prior to synthesis (Lockwood et al., 2015). In doing so, two JBI critical appraisal checklists 
were used to assess bias and methodological rigor in both quantitative and qualitative 
studies. Both checklists assessed methodological quality through the possibility of bias 
during the study’s design, conduct and analysis. The checklists comprised 11 and 10 
items, respectively. As anticipated, no included studies were withdrawn prior to the 
data synthesis due to a lack of methodological bias or rigour. Therefore, all included 
studies were still put forward for data synthesis. Specifically, a narrative synthesis was 
deemed most appropriate to synthesise quantitative studies and a meta-aggregation 
was deemed most appropriate to synthesise qualitative studies. As part of the meta- 
aggregative synthesis, we established the dependability and credibility of synthesised 
qualitative findings with CONqual (Lockwood et al., 2015).

We calculated a percentage quality score, which assessed methodological rigor for 
each study and assigned an overall mean score to the talent selection, talent develop
ment and combined talent selection and development categories. According to Faber 
et al. (2016) and Sarmento et al. (2018), a ≤ 50% study has low methodological rigor, a 
51% to 75% study has good methodological rigor, and a ≥ 75% study has excellent meth
odological rigor. The methodological rigor within talent selection studies ranged between 
good and excellent (56–88%); in talent development studies the methodological rigor 
ranged between low and high (44–100%); and talent selection and development 
studies the methodological rigor ranged between low and high (56–86%).

Results

Descriptive statistics

In total, 44 studies used either quantitative (n = 41) or qualitative research methods (n = 3). 
Across these research methods, studies measured either talent development character
istics (62%), talent selection characteristics (14%) or talent development and talent selec
tion characteristics simultaneously (24%). Studies that measured talent development 
characteristics primarily examined a mixed sample of male and female athletes (61%), 
whilst studies that examined talent selection characteristics primarily examined a male 
only sample (83%). Those studies that examined talent development and talent selection 
characteristics primarily examined a male only sample (80%). When categorising studies by 
their year of publication into either <2000 (i.e. published between 1990–2000), < 2005, <  
2010, < 2015, < 2020, the highest volume of included longitudinal studies were published 
in the last category (i.e. between 2016–2020).

Talent selection studies

In total, the methodological quality of 6 longitudinal talent selection studies was rated 
between good and excellent 56–88% (See Table 2). Studies involved only two sports 
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(speed skating and soccer) with only one (in soccer) using multidimensional performance 
measures (see Figure 3). Studies found performance improved non-linearly with age 
(Clark et al., 2008; Kannekens et al., 2009; Keiner et al., 2014; Leyhr et al., 2018; Stoter 
et al., 2020; Wiersma et al., 2017). Specifically, jump performance increased in male 
soccer players between 9 and 12 years (Keiner et al., 2014), technical performance 
improved between U12 andU15 (Leyhr et al., 2018), and tactical performance improved 
between 14 and 18 years (Kannekens et al., 2009). In male and female speed skaters, tac
tical performance improved later, between U17 and U19 (Wiersma et al., 2017), and tech
nical performance increased between 17 and 18 years (Stoter et al., 2020). In adulthood, 
anaerobic threshold increased between 25 and 28 years, whilst aerobic power remained 
stable in male soccer players (Clark et al., 2008).

Talent development studies

The summary of the Talent Development studies can be seen in Tables 3 (quantitative) 
and 4 (qualitative). In total, we rated talent development studies’ methodological 
quality between low (44%) and excellent (100%). Of 28 (n = 25 quantitative or n = 3 quali
tative) longitudinal studies, 10 included individual sports and 18 team sports. Those focus
ing on individual sports included only physical metrics. Whereas the research on team 
sports included both physical and cognitive metrics. However, cognitive metrics were pre
dominately featured in the sport of soccer (n = 4) with only one study outside of soccer 
(handball) measuring cognitive development (see Figure 4). 19 studies found anthropo
metric characteristics changed with age (e.g. Bilsborough et al., 2017). Specifically, 
between 16 and 18 years, cartilage thickness increased (Culvenor et al., 2017; Eckstein 
et al., 2014) and ligament/tendons strengthened (Mersmann et al., 2017). Changes in 
abnormal patellar tendons were found alongside years of training and bone mineral 
density (Schöffl et al., 2007) which predicted injury in basketball (Giombini et al., 2013), 
soccer (Fredberg & Bolvig, 2002) and rugby (Georgeson et al., 2012). However, abnormal 
patellar tendons or training between 13 and 15 h/week did not always predict overuse 
injury (Gisslén et al., 2007; Schöffl et al., 2018). Although male and female differences 
were found in the development of injuries (Cook et al., 2000; Habechian et al., 2018; Hele
nius et al., 2002). Whilst late maturing male and female athletes were at risk of overuse 

Table 2. Included quantitative longitudinal talent selection studies.

Reference Subcategory
Duration 
(months) Characteristics N Sport Sex

Quality 
score (%)

Clark et al. 
(2008)

Physical 36 Aerobic power and 
anaerobic threshold

42 Soccer M 56

*Kannekens 
et al. (2009)

Cognitive 48 Tactical performance 191 Soccer M 88

*Keiner et al. 
(2014)

Physical 24 Jump performance 70 Soccer M 75

Leyhr et al. 
(2018)

Multi- 
dimensional

36 Motor and physical 
performance

1134 Soccer M 63

Stoter et al. 
(2020)

Technical 48 Knee and push off angles 
during competition

123 Speed 
skating

M/ 
F

70

Wiersma et al. 
(2017)

Cognitive 36 Tactical performance 104 Speed 
skating

M 75

*Indicates studies which investigated different aged athletes during the study (e.g. 14–18 years).
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and frequent injuries (Kolt & Kirkby, 1999; Maïmoun et al., 2013; Van der Sluis et al., 2015), 
late maturing athletes were not always at greater risk of injury across all sports (Rudavsky 
et al., 2018a), and abnormal tendons could reverse post peak growth (Rudavsky et al.,  
2018b).

When considering psychological characteristics, there were male and female 
differences found in the development of burnout signs with female athletes being at a 
potentially greater risk of developing signs of burnout (i.e. sport devaluation) between 
ages 14–19 years and emotional/physical exhaustion appeared to be attenuated by 
sport devaluation (Isoard-Gautheu et al., 2015). Despite male and female differences in 
signs of burnout, intrinsic motivation predicted deliberate practice in both male and 
female basketball and volleyball players (Vink et al., 2015). The longitudinal qualitative 
studies revealed a transitional period challenged athletes to balance life, education, 
and training in national development programmes. Both male and female athletes per
ceived balancing high education and transitioning into a talent program as challenging. 
Lifestyle support alongside, psychological characteristics in developing excellence (PCDE 
skills), and planning for retirement, may help overcome challenges (Devaney et al., 2018; 
MacNamara & Collins, 2010; Torregrosa et al., 2015).

In male athlete development, general cognition increased between 10 and 15 years 
and sport-specific cognition increased later between 12 and 15 years (Beavan et al.,  
2020). Psychosocial characteristics changed between 13–17 years; level of stress, hope 
for success, self-optimisation, and self-concept decreased (Feichtinger & Höner, 2015), 
whilst recovery increased, and need satisfaction, quality of school life, and athletic identity 
remained stable (Rongen et al., 2020), along with self-determined motivation which 
decreased between U15 and U17 (Hendry et al., 2019).

Talent development and selection

A summary of the Talent Development and selection studies can be seen in Table 5 and  
Figure 5. In total, the methodological quality of 10 studies was rated between good and 
excellent (56–86%). All Studies included multidimensional measures and physical, techni
cal, and psychological performance improved non-linearly with age. For example, whilst 

Figure 3. Talent selection studies as a function of sport, performance variables, and longitudinal 
duration.
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physical, technical, and psychological performance improved with age (Elferink-Gemser 
et al., 2007; Güllich et al., 2017; Hendry et al., 2018; Huijgen et al., 2010; Roescher et al.,  
2010), anthropometrics (Matthys et al., 2013), and training (Elferink-Gemser et al., 2006; 
Visscher et al., 2006), physical, technical and psychological performance remained 
stable in male soccer players between 12 and 14 years (Forsman et al., 2016) and reflection 
skills remained stable between 17 and 20 years in male basketball players (te Wierike et al.,  
2018).

Discussion

This review highlighted that the past 30 years of talent research has primarily examined 
studies solely within silos (i.e. talent development or selection). Those studies that 
measured talent development and selection characteristics simultaneously suggested 
physical, psychological, and technical performance can increase non-linearly with age 
when measured alongside anthropometric, practice and training, and psychosocial 
characteristics. Examination of longitudinal talent development characteristics high
lighted later maturing male athletes may be at risk of overuse injury around peak 
growth, female athletes may be at risk of burnout, and both male and female athletes 
may experience challenges when transitioning into a talent pathway. Examination of 
talent selection characteristics suggested performance characteristics increased with 
age. In line with previous talent reviews, different athlete populations were underrepre
sented particularly female athletes, athletes who identify as LGBTQ+, athletes with a dis
ability, and/or athletes’ race or ethnicity (Baker et al., 2020; Johnston et al., 2018; 

Table 4. A meta-aggregation of included qualitative studies. All findings were rated as unequivocal 
using CONqual.
Finding Category Synthesised finding

Athletes faced challenges when 
transitioning into an NDP. Some 
athletes found it difficult to control 
emotions.

Transitioning is a process for higher 
skilled athletes who are challenged 
to balance education with training 
in NDPs.

Higher skilled athletes are challenged 
to balance education with training 
in NDPs. Lifestyle support, PCDE 
skills, and planning for retirement, 
may help to overcome challenges.Athletes can find it difficult to adapt 

and manage competing demands 
between education and NDPs.

Lifestyle support alongside, PCDE 
skills, and planning for retirement 
may help to overcome challenges.

Players acknowledged the value of 
gaining clarity over what they want 
to become, when faced with tension 
created between uncertainty and 
identity negotiation.

Athletes perceived transition to 
university as a process.

Athletes used psychological 
characteristics in developing 
excellence (PCDEs) to overcome 
challenges.

Players appreciated lifestyle support.
Athletes who could balance job/ 

education with a NDP had a stronger 
sense of identity, perceived social 
support, had an active coping 
strategy and was able to plan for 
retirement.

Included studies: MacNamara and Collins (2010); Torregrosa et al. (2015); and Devaney et al. (2018).
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Koopmann et al., 2020). Studies have typically adopted quantitative research methods. 
Additionally, studies focusing on talent development (an environment to accelerate ath
letes’ potential) within an individual sport only measured physical metrics. It is very clear 
that future research needs to longitudinally investigate talent development and talent 
selection characteristics simultaneously and when doing so include interactions 

Figure 4. Talent development studies as a function of sport, performance variables, and longitudinal 
duration.
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between physical, psychological, technical, and tactical factors (e.g. multidimensional per
formance, maturation, and injury incidence).

Maturation, development, and selection

Biological maturation can impact both talent development and selection (Towlson et al.,  
2021) because there is evidence to support a relative age effect, whereby early biologi
cally maturing athletes can have a physiological and cognitive advantage over late matur
ing athletes (e.g. Cumming et al., 2018). Recent evidence and commentary suggest the 
stage in biological maturation may account more when explaining observed superior dis
plays of physical performance in adolescence (Towlson et al., 2021). Biological maturation 
may then partially explain why this review found sprint performance increased most 
rapidly between 14 and 16 years of age. It therefore may be pertinent for practitioners 
to take biological maturation into account during talent selection in adolescent develop
ment (Towlson et al., 2021), especially considering differences in physical performance 
may dissipate between approximately between ages 16–18 years (DiFiori et al., 2018).

Around peak growth, biological maturation may also increase the risk of overuse injury 
in some athletes. In this review, talent development studies highlighted that later matur
ing male athletes may be at risk of over-use injury around peak growth (Van der Sluis et al.,  

Table 5. Included quantitative longitudinal talent selection and development studies.

Reference Subcategory
Duration 
(months) Characteristics N Sport Sex

Quality 
score (%)

Elferink- 
Gemser 
et al. (2006)

Multidimensional 36 Anthropometrics, motivation, 
and endurance capacity

217 Hockey M/ 
F

67

Elferink- 
Gemser 
et al. (2007)

Multidimensional 24 Anthropometrics, 
psychological 
characteristics, physical, 
technical, and tactical 
performance

65 Hockey M/ 
F

86

*Forsman 
et al. (2016)

Multidimensional 12 Psychological characteristics 
and physical, technical, and 
tactical performance

288 Soccer M 57

Güllich et al. 
(2017)

Multidimensional 24 Organised practice, non- 
organised play and coach 
rated player performance

44 Soccer M 71

Hendry et al. 
(2018)

Multidimensional 36 Coach rated performance 
and athlete perception of 
tactical, technical, physical 
skill

102 Soccer M 86

Matthys et al. 
(2013)

Multidimensional 
(Physical)

60 Anthropometrics, 
maturation, and physical 
performance

207 Soccer M 75

Huijgen et al. 
(2010)

Multidimensional 36 Physical, technical, 
performance and years of 
soccer practice

53 Handball M 63

*Roescher 
et al. (2010)

Multidimensional 60 Intermittent endurance 
capacity, practice history 
and anthropometrics

130 Soccer M 56

te Wierike 
et al. (2018)

Multidimensional 48 Ball control and self- 
regulation

73 Basketball M 67

Visscher et al. 
(2006)

Multidimensional 36 Intermittent endurance 
capacity and training 
volume

137 Soccer M 67
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2015). Therefore, late maturing athletes who are currently completing the same training 
load as their age-matched early maturing athletes, may be undertaking more load at their 
joint and tendons; inadvertently increasing athletes’ likelihood of injury and possible 
deselection. Injury risk factors in talent programs are currently not well understood, poss
ibly due to differences in the type of injury e.g. traumatic or overuse injury (Kolokythas 
et al., 2021; Wik et al., 2020), together with differences in athlete population (e.g. 
females; Alahmad et al., 2020). Understanding sex differences and the potential role of 
biological maturation and psychosocial maturation is important given that over-use inju
ries can terminate athlete careers (Mueller et al., 2017). Talent programs need to take into 
consideration athletes’ sex, stage of biological and psychosocial maturation when mana
ging training load.

In comparison to biological maturation, fewer research articles have examined psycho
social maturation, particularly in sport. Better understanding of this relatively unexplored 
talent development factor may further help to unpick the apparent individual differences 
in talent development and selection. For example, whilst logic reasoning can be devel
oped by age 15 years, psychosocial maturity can continue to develop into adulthood 
(Steinberg et al., 2004) and may impact psychosocial characteristics important within 
elite sport, such as decision making (e.g. Miller et al., 2011). Furthermore, psychosocial 
maturation often occurs after biological maturation (Gluckman et al., 2016), which may 
explain why tactical and technical performance improved later in adolescence in some 
sports (e.g. U17–U19; Wiersma et al., 2017). Indeed, individuals may be in their late 20s 
before being fully psychosocially mature (Icenogle et al., 2019). These later psychosocially 
maturing athletes may require a different practice environment to accelerate technical 
performance, given the role of self-regulation and psychosocial characteristics in skill 
development (Carvalho & Araújo, 2022; Young & Starkes, 2006). Therefore, psychosocial 

Figure 5. Talent development and selection studies as a function of sport, performance variables, and 
longitudinal duration.
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maturation appears to be a pertinent talent development characteristic for practitioners 
to consider because it is likely to impact on both what constitutes an effective develop
ment environment and talent selection.

When considering athletes can be either early, on-time, or late to biologically mature, it 
is likely that psychosocial maturation follows a similar pattern. Furthermore, athletes do 
not mature both physically and psychosocially at a linear rate (Malina et al., 2015). There
fore, athletes may find themselves being early to biologically mature, but late to mature 
psychosocially or vice versa. Indeed, this interplay between biological and psychosocial 
maturation may explain why physical, psychological and technical performance improved 
non-linearly with age (García-de-Alcaraz et al., 2015; Stoter et al., 2020; Wiersma et al.,  
2017). Perhaps a mismatch between biological and psychosocial maturation may 
explain why some late biologically maturing athletes have developed superior psychoso
cial characteristics (Baker et al., 2010; Gottwald et al., 2021) and survive talent pathways 
(Gibbs et al., 2012; Jones et al., 2018), whilst others appear to be doubly disadvantaged 
(Rubajczyk et al., 2017) i.e. have matured late both biologically and psychosocially. Iden
tifying psychosocially late athletes may be a strategy to reduce a current relative age bias 
within a talent pathway and help target interventions (Dixon et al., 2020), which may 
reduce the likelihood of talent wastage of those doubly disadvantaged athletes.

Future directions

This review highlights both biological and psychosocial maturation as important factors 
within talent development and selection together with impacting the likelihood of 
athlete injury. Longitudinal research is needed to investigate interactions between matu
ration, injury, and performance as talent programs may currently be inadvertently nurtur
ing early maturing athletes and disadvantaging later maturing athletes; contributing to a 
loss of talent in terms of individuals not being developed optimally with pathway systems 
(Guimarães et al., 2019; Torres-Unda et al., 2013). One strategy for talent programs and 
research to reduce the likelihood of talent loss is the use of develop pathways that use 
comprehensive sport specific performance models that provide an evidence-based 
talent identification and development vision (e.g. a model that incorporates evidence- 
based physical, psychological, technical, and technical objectives for different ages and 
stages of the sport). However, without detailed understanding of additional metrics 
associated with developing talent (e.g. cognitive, technical and tactical) the current 
research limits the level to which organisations to create environments that optimise 
talent development.

Longitudinal investigation of factors that enable progression in psychosocially delayed 
athletes is currently unexplored and could be important given the rise in research linking 
effective practice environments with psychosocial characteristics (Guadagnoli & Lee,  
2004; Güllich, 2014; Young et al., 2021). Perhaps then the microstructure of practice 
could be adjusted to better suit the stage of psychosocial development as an attempt 
to accelerate skill development and performance. A consideration of psychosocial matur
ity in talent development is essential to impact current sport specific talent pathways’ 
structure. For example, it may perhaps be more beneficial for later psychosocially 
mature athletes to follow a zigzag pathway; one that allows athletes to move in and 
out of a talent program (Gulbin et al., 2013; Lascu et al., 2021). Adopting a zigzag 
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philosophy may reduce the pressure to specialise early and in doing so reduce the risk of 
performance related anxiety, injury, burnout, and loss of athletic identity associated with 
deselection. Ultimately a zigzag approach may reduce the likelihood of talent loss. A shift 
in philosophy is likely be met with immediate criticism and challenges (e.g. funding and 
resource constraints). However, somewhat surprisingly, this review revealed that all pre
vious research investigating talent development within an individual sport has done 
some from only a physical perspective. Additionally, the research that did incorporate 
talent development measures outside of physically based metrics are limited to the 
team sports of Soccer and Hockey. Thus, there is a need to conduct more research that 
incorporates multidimensional measures of talent development if sports are truly able 
to develop pathways that use comprehensive sport specific performance models 
designed to optimise talent development by provide an evidence-based talent identifi
cation and development vision.

Limitations

Firstly, due to practicality in conducting a focused and meaningful review, the exclusion of 
talent identification studies was necessary. However, this allowed for a practical and 
meaningful synthesis of longitudinal talent development and selection research. Sec
ondly, the search of only academic journals may have limited the generation of studies. 
To mitigate a risk of studies being missed we took an approach in line with a previous 
systematic review that searched the reference list of included studies (Johnston et al.,  
2018). The search of reference lists yielded 126 additional studies. Secondly, an exclusion 
retrospective longitudinal designs is worth noting because these designs are often more 
practical within the talent development literature (Till et al., 2017; Valente-dos-Santos 
et al., 2012). Thirdly, because our aim attempted to capture long-term talent develop
ment, acute changes in characteristics in a sporting season (i.e. changes that were 
measured over less than a 12 month period) may have been missed (e.g. Granados 
et al., 2008). However, one would expect any lasting changes to be captured over a 
longer repeated measurement period (e.g. studies lasting greater than 12 months) so it 
is unlikely that the observations of the excluded shorter time scale studies would have 
impacted on the synthesis within current review. Finally, including an elite athlete popu
lation as an inclusion criterion may have increased the risk of missing studies due to the 
differing standards in sports between nations (Bennett et al., 2019).

Conclusion

Little research in the past 30 years has simultaneously investigated both talent develop
ment and talent selection factors. The few studies that have, suggest physical, psychologi
cal, and technical performance increase non-linearly with age when measured alongside 
anthropometric, practice and training, and psychosocial characteristics. An interaction 
between biological maturation and psychosocial maturation may explain why perform
ance increases non-linearly within development and provides a fruitful avenue for longi
tudinal talent programmes and research. To better understand non-linear talent 
development in sport, future research needs to longitudinally investigate the effect of 
simultaneous talent development and selection attributes on athlete progression 
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within a talent pathway. For example, the longitudinal effect of biological and psychoso
cial maturation on athlete performance and progression. Simultaneous examination will 
provide a platform to build upon by inviting future longitudinal research to investigate 
attributes that underpin talent development; this is vital to better cater for individual 
differences that may affect the rate of progression (e.g. psychosocial maturation). Ulti
mately, guiding future longitudinal research in this direction will enhance our under
standing of talent development in sport and the current levels of talent loss, 
particularly within those individuals that are currently doubly disadvantaged. Addition
ally, the lack of female athlete cohorts together with qualitative research designs 
means the talent development literature contains another significant lacuna. This 
seems particularly important considering the individual differences in talent development 
observed both within and across sports; one cannot expect to achieve the same level of 
outcome when applying the research from predominantly male cohort studies when 
aiming to develop female athletes within talent programmes. Finally, for organisations 
to meet the call by talent experts (e.g. Richards et al., 2012; Tee et al., 2018; Till & 
Baker, 2020) to develop a sports specific comprehensive performance model that pro
vides a talent identification and development e.g., one that incorporates evidence- 
based physical, psychological, technical, and technical objectives for different ages and 
stages of the sport (also see the concept of the ‘mental model’), then considerably 
more research is required that incorporate multidimensional measures.

Notes

1. The rationale for this criteria was to help direct the focus of the review to talent programmes 
that are striving to accelerate individuals towards the highest level of sporting performance 
(e.g., UK Sports World Class Programme). Here athletes are funded to train. The level of 
funding typically centres around competition achievement or rankings at national level or 
above.

2. The research data contained within the extraction file is available on request. Please contact 
the corresponding author.
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