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Introduction: Following the lack of widely implemented interventions to mitigate Relative Age Effects (RAEs) in sports, the Royal Netherlands Football Association (KNVB) called on stakeholders to propose relative age solutions in youth soccer (Part One). This initial study yielded 13 lower-order potential solutions, many of which remain hypothetical. Therefore, this study aimed to evaluate these solutions to overcome RAEs in youth soccer using a two-round adapted e-Delphi study.



Methods: Fifteen international experts, including both researchers and practitioners, rated (out of 9) each solution on how likely it is to directly and indirectly mitigate RAEs (Round 1) and how feasible it is to implement (Round 2).



Results: Findings indicated that “rotating cut-off dates” was perceived as the most effective solution to mitigate direct and indirect RAEs (6.2 ± 1.6), although it was not rated particularly feasible (4.6 ± 2.5). In comparison, while “cueing differences in age” was perceived as the most feasible solution (6.7 ± 2.1), it was deemed less useful for mitigating RAEs (5.2 ± 2.3). Taken together, “cueing differences in age” was considered the most viable solution across both rounds (5.8 ± 2.3).



Discussion: Interestingly, highly rated solutions perceived to effectively moderate RAEs were generally expected to be more challenging to implement. Results also showed regular disagreement amongst the international experts, highlighting that creating consensus on possible relative age solutions may be difficult to achieve in youth soccer. Moving forward, the highest rated solutions should be designed, implemented, and evaluated based on their effectiveness and feasibility in practice.
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Introduction

Over the last four decades, there has been widespread research attention on Relative Age Effects (RAEs) in sport. Following the seminal works of Grondin et al. (1) and Barnsley et al. (2), several reviews [e.g., (3–5)], books [e.g., (6, 7)], and a substantial amount of empirical studies in different sports have been published since; ranging from chess [e.g., (8, 9)] to basketball [e.g., (10, 11)] and cricket [e.g., (12, 13)] to synchronized swimming (14). Youth soccer has emerged as a regularly researched area where RAEs are highly prominent and persistent [e.g., (15–18)]. Such studies consistently show that age differences resulting from cut-off date eligibility (e.g., U12, U13, U14, etc.) favour relatively older players (i.e., those born near the start of the cut-off date), while simultaneously disadvantaging relatively younger players (i.e., those born near the end of the cut-off date). During this time, however, there is a lack of proposed solutions that have been designed, implemented, and evaluated to test their effectiveness and feasibility to mitigate RAEs (19). Given its worldwide popularity coupled with the early selection procedures often applied in high performance environments (e.g., academies), soccer provides an important context to evaluate the effectiveness and feasibility of relative age solutions.

Research in sport has emphasised multiple potential implications of RAEs, including higher dropout rates and exclusion of relatively younger athletes at higher competitive levels. These inferences are manifested in the skewed birth date distributions of athlete populations and are likely limiting the pool of potential talent. Any attempt to implement solutions into practice to mitigate RAEs requires a thorough understanding of the fundamental mechanisms of what exactly causes them (20). To date, research has put forward several theoretical frameworks that aim to explain the emergence of RAEs in sport [e.g., (3, 12, 21, 22); see Part One for an overview, (23)]. While these frameworks offer different views, the general consensus is that RAEs arise from an interaction between various factors, such as superior physiological capacities, an older training age, and advanced cognitive development. This coincides with the evaluation of these advantages by social agents (i.e., coaches, parents, and peers), whereby coaches (and other scouts/recruiters) who act as gatekeepers to future developmental opportunities often misinterpret physiological advantages, prolonged training, and/or enhanced cognitive abilities as talent (3, 21). This bias seems to underpin RAEs by creating a self-fulfilling prophecy, as those initially considered as more talented (i.e., relatively older players) are provided access to better coaches and more resources, further increasing their opportunities for future selections.

Given the theoretical mechanisms, it becomes apparent why RAEs are especially prevalent across youth levels in sport, and particularly soccer. In soccer, it is common to group players based on chronological age (4). As a result, 12- or 24-month age differences might occur between the youngest and oldest player in an age-grouped team. Especially across the youngest age groups (e.g., U8, U9, U10, etc.), such an age difference represents a substantial part of a player's developmental career. For instance, up to the age of 10 years, a 12-month age gap represents more than 10% of the player's total lifespan. When combined with selection and grouping procedures involving the evaluation or judgement of performance and potential, which generally already begins during childhood (e.g., aged 8, 9, 10, years) (24), these age differences result in a substantial overrepresentation of relatively older players at representative levels such as academy teams (25).

In an attempt to simplify how RAEs arise, Mann (26) classified two general working mechanisms as “direct” effects (i.e., benefits experienced by relatively older players themselves) and “indirect” effects (i.e., benefits experienced by relatively older players through others). Although this distinction supports the practical implementation of solutions, there remains a lack of research that has tested solutions to mitigate RAEs in practice. Webdale et al. (19), for example, provided a valuable synopsis of the possible benefits and drawbacks for proposed relative age solutions in sport. Importantly, though, the utility of many of these solutions remains largely generalised and mainly hypothetical, as very few have been implemented or empirically studied across different sports. Indeed, it is important to recognise different sports require different approaches to RAEs. For instance, grouping based on chronological and biological age may be more suitable for team sports (e.g., basketball, rugby, soccer), whereas birthday-banding, corrective adjustments, and proficiency level-based competition may be more useful for racket (e.g., badminton, squash, tennis), timed (e.g., cycling, sprinting, swimming), and combat (e.g., boxing, judo, taekwondo) sports, respectively (27). Further research is required, however, to better understand sport-specific relative age solutions and substantiate these examples.

In an attempt fill the relative age solutions void and fulfill the need for sport-specific measures, the Royal Netherlands Football Association (KNVB) created a project to better understand potential approaches to mitigate RAEs in soccer, with the long-term goal of designing, implementing, and evaluating viable interventions in Dutch youth soccer settings. As a first step in this project, stakeholders were invited to propose relative age solutions in youth soccer, which resulted in 13 lower-order solutions from three higher-order themes: (a) altering the behavior of observers (n = 3), (b) implementing rules when selecting teams (n = 6), (c) adjusting competition structures (n = 4) [see Part One (23);]. Interestingly, no new suggestions outside the existing literature were proposed in any of the participants' submissions. Whilst no new proposals were suggested, to our knowledge, only two have been empirically tested in soccer to date [i.e., “cueing differences in age”, (28); “grouping based on chronological and biological age”, (29)]. Out of the 143 proposed solutions, results showed the most frequent higher-order theme that was put forward by the participants was “adjusting competition structures” (n = 78), with “modifying age bands” (n = 25) the lower-order solution that was suggested most often.

The second step of this project, and the corresponding aim of this present study, was to evaluate the direct and indirect “effectiveness” (i.e., the likelihood that a solution would be successful in mitigating the direct and indirect RAEs in soccer) and the “feasibility” (i.e., the practicality and possibility to design and implement a solution in youth soccer) of these 13 potential solutions. Using “direct” and “indirect” as distinctions for effectiveness provided a useful framework to classify solutions that might be effective based on the underlying mechanisms of RAEs they address, serving as a useful input as part of a modified electronic Delphi (e-Delphi) approach. The e-Delphi technique is commonly used to increase the understanding of complex phenomena without much conclusive information (30). As it became apparent in Part One of the current project, many solutions have been suggested to mitigate RAEs. To date, though, there is a lack of a systematic evaluation of their utility and currently limited to the context of a single sport or country [e.g., (28, 29)]. Typically, evaluating such interventions would involve scientific techniques such as systematic reviews and meta-analyses; however, the relative lack of empirical investigations on the utility of RAEs solutions limits this approach. As such, given the lack of empirical evaluations across multiple contexts, we deemed the e-Delphi approach as a particularly useful method to evaluate the utility of potential interventions that could mitigate RAEs in youth soccer. The Delphi technique, and the e-Delphi in particular, enables to gather the judgments across a wide pool of international experts, given that all communication is online. Indeed, gathering a mixed pool of experts from different backgrounds enables the simultaneous evaluation of the conceptual mechanisms and practical implications of each solution beyond the national youth soccer contexts in which it has been examined so far.



Methods


Participants

Given the global importance of RAEs and our objective to evaluate both the effectiveness and feasibility of proposed solutions, we aimed to create an international expert panel that reflected these areas of expertise. As such, panel members of the e-Delphi were selected through purposeful sampling, considering several aspects to construct the panel (31). With regards to the size, heterogeneity, and expertise level of the panel, we invited 25 researchers who were (co-)authors (excluding the current research team) from book chapters in two published books on RAEs [e.g., (6, 7)], as well as 15 practitioners working within youth soccer who had publicly discussed the impact of RAEs in practice, to participate. This size of the expert panel was considered adequate for the specific topic of RAEs in sport (32). In addition, the heterogeneous sample of both researchers and practitioners reduced the risk of response bias, while also offering a broader picture of the utility of potential RAEs solutions. Based on these criteria, it was anticipated that these participants would have a certain level of interest in the topic, which would motivate them to participate in the e-Delphi study.

After invitations were administered, 15 participants took part in the e-Delphi survey. First-round data from three participants who did not complete the second-round survey were retained to help capture the wider expertise. All participants were informed of the study procedures and provided electronic consent prior to participation. This study received ethical approval from the Health, Education, and Life Sciences Faculty Academic Ethics Committee at Birmingham City University, United Kingdom (ethics code #9524).



Measures and procedures

The Delphi technique is a systematic method, consisting of a series of surveys, to develop consensus amongst a designated panel of domain-specific experts. While there are no clear guidelines for the design of a Delphi study, typical elements include anonymity amongst the panel members, several iterative rounds, and the analysis of group results (33, 34). In the present study, we used a modified e-Delphi approach, consisting of an electronic approach with a priori defined maximum of two rounds. The e-Delphi is particularly suited for expert panels that include international participants from multi-stakeholder groups, enabling them to complete this online at their own convenience.

For the initial round of our e-Delphi, we created an online survey in Microsoft Forms (Microsoft Corp., Redmond, WA, USA) and invited all participants to take part in the study. Here, they were required to rate the direct and indirect “effectiveness” of each of the 13 solutions to mitigate RAEs in youth soccer, derived from the first part of this research project (see the list of solutions in Table 1). In the invitation, participants were asked to provide consent to participate in the e-Delphi and were made aware that their responses would be processed anonymously. Each solution was evaluated using 10 items, resulting in 130 items within the first round. Each item was phrased as a presumption in the following way: “This solution … [mitigates a specific (in)direct effect]”. Thereby, the items were divided into their effectiveness to mitigate “direct” (6 items) and “indirect” (4 items) effects of RAEs. This distinction involved addressing different (dis)advantages considered to arise from RAEs. For instance, “This solution decreases the likelihood of relatively older players experiencing greater levels of self-efficacy” was based on the hypothesised “Galatea Effect”, whereby unjustly raised self-efficacy of relative older players can subsequently enhance performance (21). This distinction enabled the examination of how certain solutions might act on the different mechanisms underlying the emergence of RAEs, whereby the items related to the direct effects are (dis)advantaged experienced through enhanced maturation, whereas indirect effects are disadvantages experienced through the behaviour of social agents. Additionally, it enabled the possibility for hybrid approaches to appear (e.g., complementary approaches where one solution targets direct effects, the other mitigates indirect effects), as well as aggregates the overall mean effectiveness score. Instead of discussing solutions as mutually exclusive, potential solutions could now be considered as complementary because they might differ in effectiveness on either direct or indirect RAEs.



TABLE 1 Descriptive statistics for each solution over the two e-Delphi rounds. These are listed from highest to lowest based on the overall rating.



	Solution
	Direct Effectiveness
	Indirect Effectiveness
	Combined Effectiveness
	Feasibility
	Overall Ratingc



	M ± SD
	Mdn
	KAlpha
	M ± SD
	Mdn
	KAlph
	M ± SD
	Mdn
	KAlph
	M ± SD
	Mdn
	KAlph
	M ± SD
	Mdn
	KAlph
	Conb (n)





	Cueing Differences in Age
	4.7 ± 2.2
	5
	−0.01
	5.9 ± 2.3
	7
	0.30
	5.2 ± 2.3
	5
	0.19
	6.7 ± 2.1
	7
	0.15
	5.8 ± 2.3
	6.5
	0.29
	5



	Grouping Based on Chronological and Biological Age
	6 ± 2.2
	6
	−0.04
	5.8 ± 2.1
	6
	−0.04
	5.9 ± 2.2
	6
	−0.04
	5.2 ± 2.5
	5.5
	0.27
	5.6 ± 2.3
	6
	0.12
	



	Submitting Entry Exemption
	5.5 ± 2
	6
	0.04
	5.3 ± 1.6
	6
	−0.01
	5.4 ± 1.8
	6
	0.03
	5.6 ± 2.3
	6
	0.19
	5.5 ± 2.1
	6
	0.12
	



	Rotating Cut-off Dates
	6.3 ± 1.6
	6
	−0.03
	6.2 ± 1.6
	6,5
	−0.03
	6.2 ± 1.6
	6
	−0.03
	4.6 ± 2.5
	4.5
	0.15
	5.5 ± 2.2
	6
	0.17
	



	Capping the Average Team Age
	5.6 ± 2.1
	6
	0.01
	5.7 ± 2.1
	6
	0.05
	5.7 ± 2.1
	6
	0.02
	4.8 ± 2.1
	5
	0.19
	5.3 ± 2.1
	6
	0.13
	



	Categorising on Characteristics Other than Age
	6.3 ± 2
	7
	−0.04
	5.9 ± 2.1
	6
	−0.03
	6.1 ± 2.1
	7
	−0.02
	4.4 ± 2.3
	4
	0.19
	5.3 ± 2.3
	6
	0.21
	1



	Modifying Age Bands
	6.1 ± 2
	6
	−0.04
	5.4 ± 2.1
	6
	−0.06
	5.8 ± 2
	6
	−0.01
	4.8 ± 2.6
	5
	0.08
	5.3 ± 2.4
	6
	0.07
	



	Applying Player Selection Quotas
	4.7 ± 2.3
	5
	0.00
	5.2 ± 2.3
	6
	0.12
	4.9 ± 2.3
	5
	0.05
	5.6 ± 2.5
	6
	0.09
	5.2 ± 2.4
	6
	0.10
	



	Delaying Selection and Deselection
	5.1 ± 2.3
	5,5
	−0.03
	5.8 ± 2.2
	6
	0.17
	5.4 ± 2.3
	6
	0.08
	4.9 ± 2.7
	5
	0.12
	5.2 ± 2.5
	5
	0.11
	2



	Raising Awareness of Relative Age Effects
	4.4 ± 2.2
	5
	0.00
	4.7 ± 2.3
	5
	0.07
	4.5 ± 2.2
	5
	0.03
	6.1 ± 2.5
	7
	0.08
	5.2 ± 2.5
	6
	0.17
	



	Testing Objective Skills
	5.9 ± 1.8
	6
	−0.02
	5.7 ± 1.7
	6
	0.01
	5.8 ± 1.7
	6
	0.00
	4.1 ± 2.4
	4
	0.31
	5 ± 2.3
	5
	0.29
	3



	Using Corrective Adjustments
	5.1 ± 2.2
	5
	−0.07
	5.8 ± 2.2
	6
	0.05
	5.4 ± 2.2
	5
	0.01
	4.5 ± 2.7
	4
	0.17
	5 ± 2.5
	5
	0.12
	



	Shifting Cut-off Dates
	3.5 ± 1.8
	3
	−0.06
	3.6 ± 2
	4
	−0.05
	3.6 ± 1.8
	3
	−0.06
	5.3 ± 3
	5
	0.39
	4.3 ± 2.6
	4
	0.29
	1




	aKrippendorf's Alpha.


	bthe items that reached consensus (≥80%).


	cthe overall rating is the average of all items together, M = Mean, SD = Standard Deviation, Mdn = Median.







Following the first e-Delphi round, participants could immediately commence the second e-Delphi round. While a typical feature of the Delphi methodology is the provision of feedback amongst panelists, we adapted this to reduce participant burden and to lower attrition rate (35). If participants did not begin the second Delphi round two weeks after completion of the first, they received an email invitation that included the results of the first e-Delphi round and a link to commence the second e-Delphi round. This feedback included a bar chart describing the distribution of (anonymous) responses from the first round. The second (final) e-Delphi round aimed to evaluate the “feasibility” of each of the 13 solutions. In line with the first e-Delphi round, ten items were formulated as a presumption reflecting the practical feasibility of that solution to be implemented in the context of youth soccer. Each item was phrased as a presumption in the following way: “This solution … [mitigates a specific (in)direct effect]”. Items included question such as “This solution requires significant financial resources (e.g., extra teams) at an individual club level” and “This solution is expected to yield positive results on a short timescale (i.e., within one season)”.

For both rounds, participants were asked to evaluate the likelihood that the presumption for that specific solution is true, ranging on a Likert scale from 1–9 (1: Not Very Likely; 9: Very Likely). The use of a nine-point rating scale aligns with the established consensus-criteria used in Delphi research and is recommended in the process before establishing definitive consensus, aligning with our study's aim (36, 37). If participants could not reliably evaluate the likelihood of that solution mitigating RAEs, they were instructed to give a score of 0, which were subsequently treated as missing values. In addition, if participants were not fully familiar with the proposed solutions hypothetical working mechanisms, they could revert to a brief one-page summary of each solution that was provided by the research team. Lastly, participants were encouraged to provide qualitative justification for their rating via an optional open textbox provided at the end of each assessment, enabling panellists to comment on the solution as a whole. See Supplementary File S1 for the complete survey.



Data analysis

Following the conclusion the second e-Delphi round, using the R base package [version 4.4.0; (38)], mean (M) ratings with standard deviations (SD) as well as median (Mdn) and interquartile ranges (IQR) were compiled on items related to their perceived: (a) direct effectiveness to mitigate RAEs, (b) indirect effectiveness to mitigate RAEs, (c) combined effectiveness to mitigate RAEs, (d) feasibility to be implemented in youth soccer, and (e) overall rating, of which was used to rank order the solutions. To examine the consensus amongst the e-Delphi panel, we calculated the percentage agreement among the panellists for each solution. Consensus was defined as 80% of the panellists rating the items between either 1 and 3 (the statement is not true for this solution) or 7 and 9 (the statement is true for the solution). In addition, we also computed Krippendorf's Alpha with the “irr” package in R (39) to assess the inter-rater agreement on each of the items related to RAEs solutions (40). These statistics provided an overview of the variability in expert opinions, and, as such, also served as an indicator of consensus.

Qualitative responses that the panellists provided were also collated, which were analysed by one member of the research team (last author) and then reviewed by another (first author). This included coding the qualitative comments as “nuance” (i.e., the panellist provided opposing arguments to make their quantitative response more nuanced) or “justification” (i.e., the panellist provided supporting arguments to strengthen their quantitative response). The comments were subsequently analysed based on the specific content of their argumentation (e.g., significant need for extra resources, limited applicability in soccer), summarising comments that referred to the same arguments. These data were used in the final analysis to provide insight on the (lack of) consensus for specific solutions, and are included as examples in the results to provide support for the mean group ratings (41). Comments that did not include any information from the panellist on the potential benefits and drawbacks of each solution were not considered further in the analysis.




Results

Descriptive statistics (i.e., mean, standard deviation, and median) from the panelists during the first (effectiveness) and second (feasibility) e-Delphi rounds are presented in Table 1. Table 1 also presents Krippendorfs alpha as an indicator of the consensus amongst panel members for each of the e-Delphi statements related to each proposed solution. The interquartile ranges for each of the statements are shown in Figure 1 (round one) and Figure 2 (round two). In both figures, the subplots are ordered according to the overall interquartile range for each proposed solution. The perceived benefits and drawbacks for each of the 13 proposed solutions are presented in Table 2. Since it is beyond the scope of this study to provide an in-depth overview from each of the 13 proposed solutions, the qualitative results in this section are presented below for “cueing differences in age”, “rotating cut-off dates”, “categorising on characteristics other than age”, “grouping based on chronological and biological age”, and “submitting entry exemption”. This is because these solutions were considered the most effective to mitigate direct and indirect RAEs as well as the most feasible to be implemented in youth soccer.


[image: Figure 1]
FIGURE 1
The interquartile ranges for each of the statements for round one (effectiveness), with the subplots ordered according to the overall interquartile range for each proposed solution.



[image: Figure 2]
FIGURE 2
The interquartile ranges for each of the statements for round two (feasibility), with the subplots ordered according to the overall interquartile range for each proposed solution.




TABLE 2 The perceived benefits and drawbacks for each of the 13 proposed solutions. These are listed based on the three higher-order approaches to correspond with Part One of this project [see Figure 1 in (23)].



	Approaches
	Solutions
	Perceived Benefits
	Perceived Drawbacks





	Changing the Behaviour of Observers
	Raising Awareness of Relative Age Effects
	I think it is good as an additional concept. The underdog-concept also shows that children can also develop more skills by competition with relative older children. So, I think that a combination of both is good (Participant 10).
	Maybe causes another issue where players are being selected on the basis of age rather than actually technical and tactical ability and potential, which really should be the focus. While it would address the RAE issue, I am not sure that it is the best approach to ensuring players are selecting on the factors that are most important (Participant 1).



	Cueing Differences in Age
	This is a way to implement something quickly and effectively to raise the age differences that will occur. It may not prevent certain players being disadvantaged during the game, but it will raise awareness of age and possible maturity differences (Participant 2).
	This solution looks very promising, although I would love to see some replication of these findings in different labs and contexts to establish the robustness of these effects (Participant 3).



	Testing Objective Skills
	I think this is a good call. Having standards where players can be judged not just for their age groups but for their relative age would be good. Equivalent systems, but for variance in maturation and fitness tests, are already in place with the English Premier League academy system allowing coaches to better evaluate strength and weakness of players from a developmental perspective (Participant 1).
	For physical attributes, a clear link with relative age has been found. However, for other important attributes like cognitive maturation, the link is far from clear. As a result, skill-testing can only be done for a limited number of attributes (Participant 6).



	Implementing Rules when Selecting Teams
	Submitting Entry Exemption
	The flexibility of our pathways is extremely important due to the non-linear nature of development so yes, I would favour this. There would need to be a lot of player and parental supports available while navigating “playing down”—counteracting perceptions of failure/lack of ability (Participant 6).
	A key question here is what criteria are used to allocate a youth player to a higher or a lower team: is it just by month of birth or is also the developmental age considered (Participant 5)?



	Applying Player Selection Quotas
	Raising awareness by coaching and scouting staff is important, but many studies show that it is not enough to decrease RAE- and maturity-related bias in soccer. I think it is good to involve in the further education program from coaching and scouting staff. But more solutions are necessary (Participant 10).
	The value of this solution lies in the assumption that coaches don't already know about this effect. In my experience, most are aware of it and so education, while feasible and relatively inexpensive, may not be that helpful (Participant 3).



	Delaying Selection and Deselection
	I like the idea of delaying the selection/deselection aspect in favour of a focus upon development and managing the journey through puberty more effectively (Participant 2).
	Delaying selection is a good idea, but the problem is that the RAE is present from 6 years and holds pretty steady through to mid adolescence (i.e., 15 to 16 years). Even if you select at this point you are still selecting from a biased sample. The impact of RAE upon developmental differences will be arguably less at this time, but the academies are still full of BQ1s (Participant 1).



	Capping the Average Team Age
	This option could begin to level out the playing field but may prove difficult across all levels of the game. The idea behind it is a good one (Participant 4).
	Bio-banding has absolutely nothing to do with the RAE so while it may be effective at addressing maturational differences it will have no impact whatsoever. Part of the problem with addressing the RAE has been the fact that people are quick to attribute it to differences in maturation when this is clearly not the case (Participant 1).



	Grouping Based on Chronological and Biological Age
	This reallocation concepts would be a very good solution for RAE- and maturity-related bias in soccer. Comparing with the concept of bio-banding, we see that the age-differences in different age categories are becoming smaller and better, more realistic (Participant 10).
	I don't see throwing in maturation as a viable approach to address the RAE as you are talking about two completely different issues here. Plus, RAE effects are present from early childhood and maturation related biases and advantages do not kick in until approximately 11 years of age (Participant 1).



	Using Corrective Adjustments
	As an additional tool in player evaluations then yes, all data should be examined. But how to incorporate it into a score for team selection or to remove performance (dis)advantages is complex (Participant 6).
	As mentioned before, it is not clear what this method will look like for team sports. For individual sports, it is clear that there are sprinting times for example that are very representative of the overall performance. In team sports, however, the performance is multi-dimensional, which makes it very hard to understand how this kind of adjustment would be applied (Participant 1).



	Adjusting Competitive Structures
	Modifying Age Bands
	The smaller the age range, the smaller the RAE (Participant 7).
	If you just reduce the age band or extend it, then the RAE will still remain [..] it simply shifted from BQ1 and BQ2 to BQ1 and BQ3 (Participant 1).



	Rotating Cut-off Dates
	Each player experiences being the youngest and oldest on the team. The overall average of these experiences should minimize, if not eliminate, the RAE. Overall, a very effective proposal (Participant 7).
	Cut-off date modification and birthday-banding will not be enough to encounter the RAE bias, as showed in different studies. It's also difficult to implement it organizational in daily life, different systems use different cut-off dates (Participant 10).



	Shifting Cut-off Dates
	This is an interesting idea. Players who are disadvantaged in both education and sport may benefit from this approach and as such it deserves further investigation, particularly if it supports the social and emotional development of players due to more appropriate peer grouping (Participant 2).
	Varying cutoff dates for the same sport in different leagues would be effective, however, varying cutoff dates for different sports will still maintain RAE (Participant 7).



	Categorising on Characteristics Other than Age
	These initiatives definitely have merit, although I fear that they'd have to delivered in conjunction with coach education, as changing the mindset for some (i.e., winning at all costs at youth level) will be necessary for successful adoption of such worthy initiative (Participant 6).
	Its success will be largely dependent on the clubs having a balanced distribution of players coming into the academy in the first place (Participant 1).







The highest overall ranked solution was “cueing differences in age”. Participants reached consensus on 5 items, and strongly agreed that this solution decreases the likelihood of a selection bias caused by relatively older players being judged as more talented by coaches and/or talent scouts (7.2 ± 1.8; IQR = 1; % agree = .87). Related to this, consensus was reached amongst participants that this solution would to some extent address “the likelihood of relatively older players being selected” (6.7 ± 1.7; IQR = .5; % agree = .80). For example, Participant 4 stated: “Additional information (such as shirt numbering) will provide greater clarity and a truer picture of ability, so would prove useful for assessment and selection”. Relatedly, the study of Mann and van Ginneken (28) suggested that when presented with information regarding the relative age of players while simultaneously assessing performance by means of age-ordered shirt numbering, coaches and/or talent scouts were able to reduce the relative age bias in their assessments. As such, cueing differences in age might be especially appropriate for mitigating indirect effects, which typically emerge through social agents' behaviours.

Regarding feasibility, the majority of participants commented that “cueing differences in age” can be implemented “quickly and effectively” (Participant 2). Indeed, participants agreed that it is likely that it can be implemented immediately (% agree = .92) without considering the macro sporting context (e.g., league structures and regulations) (7.8 ± 1.9; IQR = 1.5). However, given that these solutions mainly target the selection of players, which typically takes place on an annual basis, it might not address the direct advantages of being relatively older. For instance, Participant 2 also stated that: “It may not prevent certain players being disadvantaged during the game”, highlighting that the direct effects attributed to age-related differences are likely not addressed by this solution. This is also reflected in the relatively higher disagreement about cueing difference in age decreasing “the inflated expectations of player's ability from coaches and parents” (5.9 ± 2.3; IQR = 2.5). Therefore, it may be a more beneficial solution to use during momentary talent identification and selection activities (e.g., trials, talent identification events) rather than routine training and competition; or alternatively, in conjunction with other solutions to mitigate more direct effects. However, further research is required to substantiate these suggestions.

The most effective overall solution was “rotating cut-off dates”. This solution aims to balance RAEs by rotating the selection cut-off date (e.g., changing the cut-off date 3-months every year). This way, each player would spend some time as the oldest player amongst an age group, and some time as the youngest. Participants suggest that it does not address the age advantage per se, but does alter “player experiences of being the youngest and oldest on the team” (Participant 7). As such, participants generally agreed that this solution might decrease “the likelihood that relatively older players created false self-beliefs” (6.7 ± 1.7; IQR = 1.5) and “stakeholders over-estimating the playing ability of relatively older players” (6.3 ± 1.6; IQR = 1). As stated by Participant 5, this solution could potentially increase relatively younger players self-image, “as the peer group being used for comparisons would always be changing”. Although such statements remain hypothetical as rotating cut-off dates have not been researched of widely implemented in soccer, lessons could be learnt from the “birthday-banding” approach (i.e., athletes competing with and against those of the same age and move up to their next birthdate group on their birthday) used in the England Squash Talent Pathway, which has been attributed to the encouraging absence of RAEs across their cohorts (42). Importantly, however, while participants indicated that “the idea that players experience being the oldest and youngest at some point is one worth considering further” (Participant 4), they were hesitant and in disagreement regarding its feasibility (M = 4.6 ± 2,5, Kalpha = .15). In particular, participants were doubtful about the logistics that “would have to be well thought out and communicated and understood very clearly” (Participant 2), as well as requiring buy-in from stakeholders (e.g., coaches, administrators, parents).

Although “submitting entry exemption” was ranked equal third with the same overall score as “rotating cut-off dates”, there was generally less agreement amongst the panellists regarding its utility (Kalpha = .17 vs. Kalpha = .12). Entry exemption enables players to “play-down”, which means that a player competes in competitions designed for younger age groups (43). Typically, eligibility criteria (e.g., youth league policies) do not allow players to play down, resulting in relatively younger players born closer to the cut-off date fixed to play with and against relatively older players. This solution, however, proposes easing the eligibility criteria, particularly for relatively younger players (e.g., players born in the second half of the selection year). As such, these children could potentially avoid the associated disadvantages of being younger, whilst also providing a more challenging environment for the older birth quartiles in the younger age group. Although yet to be empirically evaluated, anecdotal evidence has showed how some England international players played down in academy soccer during their development (44). Some participants, however, issued possible warnings regarding the stigma surrounding playing-down. For instance, Participant 1 suggested: “We would have to change the cultural interpretation associated with playing-up or playing-down. Playing-up is seen as good, playing-down as bad”.

Another solution that was ranked high on its effectiveness to mitigate direct RAEs was “categorising on characteristics other than age”. In particular, the participants considered grouping players on alternative criteria as a viable solution to address “feelings of incompetence while playing football for relatively younger players” (6.7 ± 2.0; IQR = 1.0), although disagreed more on the solution mitigating “the reliance of relatively older players on their maturational advantage” (6.7 ± 2.2; IQR = 2.0). Given the hypothesised developmental advantages that influence RAEs and the fact that relatively older players have had more time to grow and physically develop [e.g., (45–47)], it is expected that controlling for anthropometric and/or physical characteristics could mitigate RAEs. As such, alternative grouping criteria that have been suggested are height/weight categories or initiatives such as “bio-banding”, whereby players are grouped according to their level of maturation, often using their percentage of predicted adult height (48).

Closely related to using height and weight categories as a grouping strategy was “grouping based on chronological and biological age”. This solution suggests using the height of players relative to their peers as a criterion for grouping. Although, on average, this solution was rated more feasible (5.2 ± 2.5) and panel members were more in agreement (Kalpha = .27) compared to “categorising on characteristics other than age” (4.4 ± 2.3), some participants were cautious to try and solve temporary, maturational advantages together with relative age differences. As one participant stated: “Maturity and RAE share about 8 percent variance in academy football” (Participant 1). In addition, for both “grouping based on chronological and biological age” (IQR = 1.5) and “categorising on characteristics other than age” (IQR = 1.25; %agree = .92), participants perceived the buy-in from stakeholders (e.g., coaches, administrators, parents) working in youth soccer necessary. This was also the case for “delaying selection and deselection” (IQR = 2.0; %agree = .83) and “testing objective skills” (IQR = 2.0; %agree = .83).



Discussion

The aim of this present study was to evaluate the potential direct and indirect effectiveness and feasibility of 13 proposed solutions to mitigate RAEs in youth soccer that were gathered in Part One of this project. Based on our modified e-Delphi approach, “cueing differences in age” was considered the most viable solution across both rounds. “Grouping based on chronological and biological age” and “rotating cut-off dates” were also perceived highly to mitigate direct and indirect RAEs as well as the most feasible to implement into youth soccer. Interestingly, these three solutions are from three different higher-order categories according to the taxonomy of Mann (26), which perhaps underscores the importance of designing hybrid approaches that target multiple aspects of RAEs.

Overall, “shifting cut-off dates” was rated the lowest solution, with “using corrective adjustments” and “testing objective skills” also rated lower than other approaches. With regards to effectiveness, “raising awareness of RAEs” was rated low but rated high on feasibility, whilst “cueing differences in age” and “modifying age bands” were rated differently on their effectiveness for direct and indirect RAEs, respectively. With regards to feasibility, on average, overall ratings were lower compared with effectiveness, highlighting some of the practical barriers that are associated with implementing relative age solutions. As an example, “rotating cut-off dates” was deemed effective in terms of mitigating RAEs, but rated lower on its feasibility. Taken together, our study suggests that potentially effective solutions to mitigate RAEs were generally considered less feasible to implement, whereas those that are possibly more feasible were generally considered less effective. This may highlight that a range of different approaches may be required to combat RAEs in soccer.

Results perhaps also suggest that the current organisational structures in youth soccer and its related activities (i.e., talent identification, selection, training, and competition) are a contributing factor to the ongoing presence RAEs. As such, any attempt to mitigate RAEs in youth soccer should also, at least to some extent, address the manner in which common practices in youth soccer are executed, whether through altering observer behaviour or adjusting competition structures. This might explain the lack of solutions that have been empirically tested or implemented. Moreover, this could potentially provide a rationale for the common disagreement between experts and the proposed solutions (i.e., only five out of 13 solutions reached consensus on more than one aspect regarding the effectiveness and feasibility of the respective solution).

To our knowledge, “cueing differences in age” is one of only two proposed solutions that have been empirically assessed to date in youth soccer (28). Through age-ordered shirt numbering, Mann and van Ginneken (28) showed that during a soccer selection task, scouts were able to control for the relative age of players when assessing their potential. In the study, players competed in an 8 vs. 8 match and wore shirt numbers that corresponded to their relative age (i.e., oldest player wearing number “1”, and the youngest wearing number “8”). Results indicated that when scouts were aware of the age-ordered shirt numbering, it successfully reduced the relative age bias of their player potential rankings. Interestingly, this approach has also been previously shown to moderate maturation biases between soccer players when scouts are assessing their potential (49). This suggests that when individuals are explicitly provided with important information on a player, it can positively support their decision making.

Explicitly cuing relative age could also go beyond age ordered bibs, such as listing player registers in chronological age order and clearly providing relative ages on player observation reports, although further research is required to test how effective this could be. While the methodology of Mann and van Ginneken (28) has, so far, only been applied with scouts having to rank youth players, the solution might also address other direct or indirect RAEs. Regularly playing with age-ordered shirt numbers could make players, parents, coaches, and other stakeholders aware that differences in ability might result from differences in age (26). As such, this could mitigate the inflated expectations from coaches and parents, or the false self-beliefs amongst relatively older teammates and peers, although these expectations remain mostly hypothetical to date and require further research.

To directly address the possible growth advantages of relatively older players (50, 51), results from our study suggest that grouping on alternative characteristics besides chronological age might be effective. However, given the plethora of indicators to group players (e.g., height and weight, cognitive and social maturity) and the accompanying burden of objectively assessing these indicators, this solution was rated low in terms of feasibility. A closely related solution that was rated higher for its feasibility, however, was “grouping based on chronological and biological age”. This solution proposes the use the “developmental birth dates” to group players. Developmental birth dates are estimated by comparing a player's stature with the normative growth curves for the player's population (e.g., Dutch boys aged 1–21 years). In a preliminary study by Helsen et al. (29), this method was applied to reallocate a group of Belgium youth soccer players. In their study, the traditional chronological age-grouping resulted in significant RAEs amongst these players, with most players born in the first quarter of the selection year. Importantly, however, following the reallocation of players based upon their developmental birth dates, the overrepresentation of players in birth quartile one (i.e., those born in the first three months of the annual selection year) disappeared, with player's birthdates almost evenly distributed across each birth quartile (∼25%). While this study shows promising results in terms of removing RAEs when grouping players, it is yet to be tested within competitions, and as a maximum age difference could exceed more than three years, it could prove difficult to implement and gain stakeholder buy-in.

It is also important to acknowledge that relative age and biological age are two independent constructs that can impact individuals differently (52). More specifically, relative age remains fixed whereas biological age can differ up to five years between those within the same chronological age group (53). In fact, a recent commentary warned that, while relative age and maturity differences are two important biases that play a role in talent development, they should be considered two separate processes (54). Each occurring at different timepoints in a player's developmental career, operating independent from another, and impacting individuals differently, thus two distinct solutions may be important to consider when implementing solutions to mitigate both RAEs and maturation biases (e.g., RAEs occur from entry into soccer at childhood, whereas biological age differences in boys occur during adolescence) (55). It is important to remember, though, that research on the interconnectedness between relative age and biological age is still limited, while exploration of possible independent and combined solutions of these phenomena is still in early stages.

Both “cueing differences in age” and “grouping based on chronological and biological age” can be readily implemented at an individual club level, and do not necessarily require adjusting competition structures. In addition, both solutions can coexist due to their different methods, which creates the possibility for a hybrid approach, whereby multiple solutions are implemented to mitigate RAEs (19). Both these solutions target a different approach to mitigate RAEs and are considered to vary in their effectiveness to alleviate direct and indirect effects (26). “Cueing differences in age” is expected to primarily mitigate indirect effects by clarifying relative age differences for individuals to adjust their assessment of players. In contrast, “grouping on chronological and biological age” introduces constraints beyond traditional birthyear grouping and, as such, attempts to mitigate the developmental advantages of relatively older players (i.e., direct effects). Despite the relative autonomy that comes with implementing both solutions, it has not yet been widely adopted. Although there are anecdotal cases of sports teams using age-ordered shirt numbering during their selection procedures (26), it will be important to evaluate these attempts to build on the current evidence.

Our results highlight that while several solutions to mitigate RAEs have been put forward, many of these were perceived difficult to implement. This might explain the relative lack of empirical work that has tested these solutions in real-world youth soccer settings. For instance, despite being the highest rated solution on effectiveness to mitigate both direct and indirect RAEs, “rotating cut-off dates” was only ranked tenth in terms of feasibility. One of the main reasons for this is the associated complexity for coaches and other stakeholders that occurs when regularly changing the cut-off date to group players into teams. Nevertheless, the Football Flanders [Voetbal Vlaanderen] (56) has recently announced that, from July 2025, they will introduce “rotating cut-off dates” within the calendar-year, by alternating the cut-off dates between January 1st to July 1st every six months. While the barrier to implementing this approach might be solved with clear communication and administration, other solutions carry potential unforeseen risks for athlete development. For example, solutions such as “submitting entry exemption” or “capping the average team age” might increase injury risk or break-up age group friendship groups (57, 58). Therefore, it is important to consider the unintended consequences that could come with widely implementing relative age solutions without evaluating their effectiveness and feasibility beforehand.

Although it is beyond the capacity of this discussion to critically review all 13 relative age solutions [see Part One for an overview of each proposed solution; (23)], there is some additional feedback from the experts to consider. With regards to the lowest rated solution, whilst “shifting cut-off dates” in different sports would make it possible for all children to experience a favourable cut-off date, it might not solve RAEs in soccer per se. In 1997, for example, the Belgian Soccer Federation changed the start of their cut-off date from August 1st to January 1st. This shift prompted an investigation from Helsen et al. (59) who explored the changes in the birthdate distributions throughout youth competitions for 1996–1997 compared to 1997–1998. Their findings revealed a shift of RAEs corresponded with the new cut-off dates, thus “shifting cut-off dates” will likely just shift the relative age distribution. Finally, “raising awareness of RAEs” was suggested as a highly feasible solution that requires minimal resources. However, considering the effectiveness, this solution was rated relatively low overall. Indeed, Helsen et al. (60) demonstrated that, over a period of 10 years, the magnitude of RAEs did not decrease in European soccer. As such, the authors concluded that, assuming education and attention regarding RAEs in soccer had taken place in that period, raising awareness may not be effective in mitigating RAEs.

Related to the relative lack of solutions that have been applied in practice is the concept of knowledge mobilisation (KMb). This concept refers to the process of taking research beyond the academic domain to have an impact in real-world settings (61). While many models and frameworks have been developed to describe the process of KMb, most strategies to translate knowledge from research to practice use three approaches (62). The first strategy entails “connecting” knowledge stakeholders, such as researchers and practitioners via “knowledge brokers” (63). These could be, for instance, sport's governing bodies that mobilise knowledge through coach education. For example, following interviews with seven talent identification experts, Andronikos et al. (64) showed how “raising awareness of RAEs” for the likes of coaches, scouts, and clubs, was perceived to be part of the controllable features available to eradicate them. The second strategy entails “disseminating” knowledge via (online) resources and easily accessible documentation. As an example, as part of this project, we have already shared our results via the KNVB website in an attempt to widely disseminate key findings (65). Lastly, a strategy to translate knowledge would be to facilitate “interactions”, such as participatory research. Specifically, actively involving all stakeholders (e.g., researchers, coaches, recruiters, policy makers, players, parents) seems a particularly fruitful approach to design, implement, and evaluate potential relative age solutions (19), which could prove a useful next step for the Royal Dutch Football Association (KNVB) Relative Age Solutions Project. Overall, researchers and practitioners should consider a KMb approach when seeking to moderate RAEs in youth soccer.


Limitations and future directions

One of the limitations of this study is related to the e-Delphi design. Typically, the e-Delphi method consists of several iterative rounds with controlled feedback to achieve consensus. However, given the diverse group of panelists and the risk of participant attrition often occurring with Delphi studies (66), we aimed to minimise participant burden by priori setting the number of e-Delphi rounds to two. In addition, we reduced the duration of the study by enabling participants to immediately commence the second e-Delphi round, whereas panelists typically receive feedback from the previous rounds, which might alter their perspective. It is also important to understand the contextual variances of different youth soccer environments across the world. This may have resulted in variations in effectiveness and feasibility depending on the likes of resources available, knowledge uptake, and sport popularity. Therefore, those working in soccer are encouraged to recognise that there is no “copy and paste” template when it comes to solving RAEs, and that they should seek to comprehend potential solutions based on the contextual complexities of cultures, communities, and individual circumstances (67). However, since RAEs are pervasive in youth soccer across the world, attempts to minimise or remove them could be considered universal, with a range of different approaches proving useful to test and evaluate in different contexts.

Regarding future directions, as a first step, researchers, coaches, and policymakers can use our findings as a list of options that might moderate RAEs. As such, the outcomes of our study can serve as a starting point for governing bodies and soccer academies to test different options, whilst also providing considerations of the potential effects when implementing these solutions. For instance, the panellists highlighted the requirement of buy-in from different stakeholders for several solutions to be successful. We would, therefore, recommend that before adjusting competition structures, stakeholders should be informed about the potential changes and challenges. In addition, while the experts reached consensus on some of the items regarding the effectiveness and feasibility of potential RAEs, there was regular disagreement between them. This highlights the need for more empirical research to validate expert opinions. As such, we recommend creating real-world experiments to test the utility of these solutions. While such experiments are complex and require significant resources, the results of our study can be used to prioritise certain solutions. Relatedly, we recommend testing these solutions in a range of youth soccer settings, with researchers and universities working collaboratively with soccer organisations and industry stakeholders to support improved KMb (68).




Conclusion

There are many empirical studies on RAEs in soccer that highlight its existence and emphasise the need mitigate such effects. However, only a few researchers have attempted to analyse ways in which RAEs can truly be moderated or removed. In light of the expert consensus and feedback regarding the effectiveness and feasibility of the 13 proposed relative age solutions presented in this study, an important next step will be to design, implement, and evaluate the highly rated solutions in practice. This will help capture the most effective and feasible approaches based upon the needs and context of different youth soccer environments.
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