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1. Introduction


In recent times, research and technological advancements have opened an unprecedented window of opportunity for sports science to play a pivotal role in the holistic well-being of children [1]. By harnessing the power of sports science, we can not only design, implement, and evaluate sports programs for young athletes but also address broader aspects of their health [2]; therefore, the contemporary role of sports scientists in nurturing young talent cannot be understated, as they promote the most effective and efficient methods to support long-term sport and personal development [3]. By integrating sports science principles into children’s health initiatives, we not only contribute to long-term sustained athletic performance but also foster comprehensive health outcomes [4,5,6]. With appropriate immediate, short-, and long-term interventions, we can enhance athletes’ adaptability to navigate the complex and ever-changing competitive landscape.



In the spirit of knowledge dissemination, a diverse range of sports science topics was encouraged as a part of this Special Issue. This included topics such as understanding the various constraints of the performer (e.g., growth and maturation) [7,8], task (e.g., boundary conditions during small-sided games) [9,10], and environment (e.g., Relative Age Effects) [11,12] that coaches should consider in crafting dynamic learning environments; exploring innovative tools and instruments to assess athletes’ potential, development, and performance; and the influence of selection, training, and competition environments. Additionally, we sought perspectives and reviews capable of synthesizing knowledge, with a specific emphasis on enhancing our understanding of children’s health. This approach was intended to contribute not only to the refinement of youth sports practices but also to the development of comprehensive guidelines that encompass the broader spectrum of children’s well-being. Based on these objectives and as a conclusion to this Special Issue, this Editorial provides a general review of the studies and topics included, along with recommendations for future research and practice. In an attempt to view this research through the lens of knowledge mobilization (see [13,14]), we present this Editorial by exploring: (a) knowledge creation (i.e., the refinement of studies into knowledge tools or products through synthesizing our new knowledge), and (b) the shift from knowledge to action (i.e., the application of our new knowledge and skills through informing future policy and systemic change).




2. Knowledge Creation


This Special Issue features 18 manuscripts, including 14 empirical studies, two reviews, and two conceptual manuscripts. More than 9000 participants were included in the studies, which covered a variety of contexts, including team sports (soccer, n = 4; basketball, n = 2; rugby, n = 1; and volleyball, n = 1), individual sports (judo, n = 1, and tennis, n = 1), multiple sports (basketball, soccer, water polo, volleyball, and handball), and physical education (n = 2). This Special Issue stands as a notable catalyst for advancements within the field, stimulating and enriching meaningful discussions pertaining to the intersection of sports science and youth.



A central focus of this Special Issue was the Relative Age Effect (RAE) in sports. One study by Brustio et al. (1) demonstrated that relatively older players in the rugby union tend to achieve a high-level performance than their later-born counterparts, particularly in the positions of backs and forwards. Interestingly, this effect was more pronounced in players from southern regions, underscoring the impact of sociocultural influences on players’ career trajectories. The RAE was also observed by García-Rubio et al. (2) in soccer, spanning from under-17 (U17) to U21 players representing the youth national teams of Spain. Similar patterns were found by Andrew et al. (3), who investigated the RAE in soccer players of both genders across 55 associations under the UEFA governing body. They revealed an over-representation of male players born in the first quartile (January to March) in both the U17 and U19 categories, although these effects did not persist at the senior level. In opposition, no RAE was identified among female players at any level, which highlights that this phenomenon should be considered based on gender, age, competition level, and sport type.



A conceptual paper by Sweeney, Taylor, and MacNamara (4) offered an analysis of the RAE, emphasizing the importance of considering relative age and biological maturation from a holistic and individual perspective. There was an argument for the need for strategies to mitigate the effects of relative age and maturation that prioritize individual considerations, such as grouping players based on specific performance levels (e.g., technical skills) through approaches such as bio-banding rather than employing macro and meso methods. Regarding players’ biological maturation, Rüeger et al. (5) reviewed ultrasound-imaging-based methods for assessing biological maturation. While the study highlighted promising results, particularly in wrist and knee measurements due to their non-ionizing nature, affordability, and rapid results, the authors noted the diversity of methods used across studies, making it challenging to establish a “gold standard”. The study emphasized the need for further research standardizing procedures, given the potential impact of maturation on selection and career progression opportunities in sport. Collectively, these studies show how the RAE and maturity remain important topics in the sports science literature in children and helped to further understand the two different constructs and its applications.



Another central area of research in sports science involves the examination of young athletes’ anthropometric and physical capabilities. Larkin et al. (6) conducted a study comparing children’s height, body mass, sprinting, and jumping ability among talented youth athletes (identified at around 13 years old; n = 136) with the general youth population (n = 250). Their findings revealed that both male and female high-level athletes exhibited superior sprinting and jumping abilities compared to their counterparts at lower skill levels. Coincidentally, Pavlinovic et al. (7) suggest that the capacity to jump and sprint has been linked to reactive agility in early pubescent boys and girls (around 11 to 12 years old), a trait identified as pivotal for sporting success. In order to foster the development of reactive agility, pre-pubescent and early pubescent children must be exposed to diverse activities that enhance their fundamental movement skills (7).



Athletes’ physical performance, encompassing attributes such as speed, jumping abilities, and reactive agility, has emerged as a critical indicator of talent and a key factor in achieving a high performance (6, 7). In order to develop such physical skills, Xiao et al. (8) investigated the effects of a 12-week functional training intervention on adolescent Chinese tennis players. The authors documented significant enhancements in athletes’ strength and power, evidenced by improvements in exercises such as push-ups, medicine ball throws, and standing long jumps, favoring the group that underwent functional training over a control group. Taken together, these studies emphasize the value of implementing fitness testing in youth sports settings to monitor individuals’ physical development, as well as the importance of employing strength and conditioning coaches within youth sports environments (as part of an interdisciplinary team) to ensure that young athletes are adequately measured, trained, and developed. Indeed, these approaches should be considered based on the biological age of young athletes as well as their chronological age.



A comprehensive understanding of players’ developmental trajectories often requires a retrospective analysis of their career. In this context, Coutinho et al. (9) conducted an in-depth retrospective analysis of 546 young male athletes (aged 13.87 ± 1.9 years) across a range of sports who belong to regional sports clubs (n = 42). The study revealed that soccer players tended to specialize early despite engaging in a broader spectrum of team sports. Conversely, water polo players demonstrated a higher weekly training volume than soccer and handball by the age of 10 years. Despite this, these findings provide valuable insights to identify the specificities of each sport and unravel the complex factors that shape athletes’ pathways toward expertise.



In light of these multifaceted determinants that impact youth development, researchers have designed, implemented, and evaluated interventions to outline ways to nurture athletes’ progression in sports. For example, Côté et al. (10) examined the impact of the 1616 Story-Based Youth Development program in ice hockey. The results from the pilot study were encouraging, indicating that strategies of knowledge mobilization from other role models allow for the introduction of principles to sustain positive youth development. Practitioners should consider similar knowledge mobilization initiatives to enhance sports participation, reduce dropout rates, and foster positive attitudes toward sports among young athletes. Another approach to nurture athletes’ development involves exposing them to heightened levels of training and competition, such as playing with and against chronologically older opponents and participating in a greater number of competitions, e.g., [15]. Simenko (11) suggested that “playing-up”, commonly adopted in youth judo, may contribute to producing young medalists; however, they cautioned that this tactic should be viewed through a short-term lens, as in the long-term, it has been shown to elevate dropout rates in some instances. These findings underscore the importance of multifaceted interventions and holistic approaches in sports science to help shape and support the developmental pathways of young athletes.



As part of this Special Issue, some studies delved into strategies to better understand players’ technical and tactical skills in team sports. In this regard, Davids et al. (12) developed a paper describing the intricate interplay between individual, task, and environmental constraints, offering valuable insights into shaping learning opportunities. The work deepens the theoretical understanding and provides practical examples that coaches can employ to guide players’ interactions during practice. Additionally, the interaction between player performance and task conditions was extensively explored by Birrento Aguiar et al. (13), who conducted a review of various boundary condition manipulations in youth basketball players’ technical and tactical performances. While the research showcased diverse outcomes based on different manipulations, the authors highlighted the need for more studies with youth players to draw robust conclusions. They also emphasized the importance of studies comparing different age groups to offer crucial insights for training design.



In line with that, Tannoubi et al. (14) explored the impact of a video-modeling strategy on enhancing basketball skills in both open and closed tasks for youth players. Their findings indicated marked improvements in analytical drills (such as basketball skill tests) and small-sided games (three vs. three) among the group exposed to video modeling. This underscores the importance of coaches employing such methods to augment players’ learning experiences. Examining the nature of training tasks, Coutinho et al. (15) demonstrated that employing tasks grounded in cooperation and opposition led to superior outcomes in decision making and execution for U14 players when compared to more prescriptive tasks or those lacking opposition. Consequently, designing relevant learning environments is dependent on the strategies adopted by coaches as well as the type or interactions promoted by the training tasks.



Now, regarding the variation in individual constraints in players’ performance, Coito et al. (16) investigated the impact of players’ age (U15, U17, and U19) on the capacity of passing distances in soccer according to pitch zones (e.g., Z1 to Z6, in which Z1 refers to the areas closest to the team’s own goal, while Z6 refers to zones closest to the opponents’ goal). The research revealed that players tend to employ medium-distance passes close to their opponents’ targets and shorter passes in the midfielder zone of the pitch. Notably, older players demonstrated a propensity for medium and longer passes to more distant teammates, reflecting their heightened game knowledge. These findings shed light on the nuanced decision-making processes influenced by age and pitch positioning, guiding coaches in optimizing players’ strategic choices on the field.



To enhance the design of training tasks and facilitate continuous improvement among athletes, it is crucial to implement regular performance assessments. A study conducted with U13 female volleyball players demonstrated the effectiveness of adjusting the training focus based on a flexible periodization, tailored to players’ assessments during four vs. four small-sided game (SSG) formats, creating a more encouraging learning environment (Loureiro et al., 17). In contrast, adhering to a rigid planning structure whereby adjustments were only made monthly failed to align with the learners’ developmental needs. These findings emphasize the necessity for coaches and technical staff to consistently measure and assess players’ performance across all dimensions, enabling the creation of appropriate training tasks. In this context, the emergence of new instruments supporting the assessment of players’ technical and tactical skills during game-based situations is paramount. González-Rodenas et al. (18) developed the Observational Framework to Evaluate Individual Offensive Behavior in Youth Soccer (INDISOC). This instrument focuses on individual ball possession by evaluating players’ performance based on their ability to receive the ball, process, and execute the final action. The INDISOC serves as a valuable tool for coaches to measure players’ performance, enabling them to fine-tune the training process and enhance the overall training experience. Taken together, the technical and tactical development of athletes should be carefully considered by both researchers and practitioners and considered part of multidimensional training and research methodologies, respectively.




3. From Knowledge to Action


In this Special Issue, significant attention was given to the RAE and biological age in children’s sports, shedding light on the significant impact of birthdate on selection, development, and performance outcomes (1, 3, 4). Multifaceted interventions will play a pivotal role in nurturing athletes’ development and progression and ultimately will be crucial in moderating such effects. Practical implementation involves creating, adopting, and measuring strategies that tailor training and development programs based on specific ability levels rather than chronological age (4). This nuanced approach aims to mitigate the challenges posed by relative age and maturation differences and create a fairer and more individualized development pathway for young athletes that reflects the culture, sports, and individual differences.



Anthropometric and physical capabilities also emerged as critical indicators of talent in youth athletes (6–8) To translate this knowledge into practice, youth sports programs should incorporate regular fitness testing to monitor individual physical development. Additionally, emphasizing diverse activities for pre-pubescent and early pubescent children, can enhance fundamental movement skills, laying the foundation for improved sprinting, jumping, and agility abilities. It is noteworthy that the study of (7) revealed that change-of-direction abilities were significant predictors in both boys and girls, whereas jumping skills proved to be a determining factor exclusively in girls. These disparities appear to be linked to gender-specific patterns of sports involvement, with boys more frequently participating in team sports. Indeed, such gender-specific differences were noted by many authors across other disciplines in this Special Issue (e.g., differences in RAEs and maturation); therefore, sport scientists and other youth sport practitioners should be cautious of “copy–pasting” the norms of many male domains and ensure they meet the needs of the female athlete, particularly as both research and professional practice continue to rapidly grow in women’s and girls’ sport [16].



Technical and tactical skills in team sports can be effectively enhanced through thoughtful training task design and proper feedback strategies. Coutinho et al. (15) highlight the significance of training tasks that emphasize dynamic and unpredictable situations. This emphasizes the need for coaches to carefully consider the conditions introduced during practice sessions, ensuring a well-rounded approach to skill development; mainly when considering team sports in which the information that guides players’ actions is continuously changing as a result of the interaction between players and the environment. Complementarily, the introduction of new assessment instruments, such as INDISOC, provides coaches with valuable tools to measure, assess, and prescribe relevant training interventions that enhance players’ technical and tactical skills during soccer-game-based situations. In fact, coaches and sports scientists may use video-modeling strategies to augment players’ learning experiences (14). For example, coaches may use videos from role-models and high-level players to act as priming strategies that contributes to inspire players’ performance. For instance, the continuous performance assessment is critical for creating a conducive learning environment for young athletes. Accordingly, coaches should adjust training focus based on regular assessments by adopting a flexible periodization aligning with the developmental needs of players (17).




4. Future Directions


Building on the contemporary knowledge in sports science related to youth athletes, this Special Issue significantly contributes to the understanding of the pathways for talent development and the effective design of learning environments that concomitantly improves children health and well-being. While the insights provided are valuable, there is a need to continue exploring the evolution of sports coinciding with the mounting pressure on athletes to excel. For example, the potential negative impact of RAEs on numerous young athletes requires further research to mitigate such effects and help widen the pool of potential talent [17,18]. The negative effects of RAEs are also observed in school contexts, where children manifest lower satisfaction with their own life and lower health [19]. Although the impact of RAEs may be more pronounced in sports environments [18], these contexts simultaneously provide fertile ground for the development of strategies to alleviate their negative effects on children and youth [20]. Moreover, they offer an opportunity to enhance young individuals’ capacity to perceive and understand individual differences effectively. For that purpose, further studies may explore more individualized and holistic approaches (4). Incorporating assessments of players’ biological maturation and action capacities might offer part of the solution; however, despite promising results with ultrasound-image-based methods, the absence of standardized guidelines prevents these techniques from becoming the gold standard procedure (5). It is imperative for researchers to persistently emphasize and advance studies on biological maturity, recognizing the complex specificities inherent to each sport and acknowledging the diverse cultural backgrounds of the individuals involved, as this nuanced understanding is crucial for tailoring training programs and interventions that resonate with the unique physiological and sociocultural aspects of athletes [21].



While physical prowess is a paramount across sports, team sports also heavily rely on players’ technical and tactical capabilities. Recent research has explored how different boundary conditions influence player performance (13, 15, 16). However, many of these studies have taken a short-term perspective and focused on specific sample groups (such as amateur players, U19 players, or national-level athletes), limiting the generalizability of their findings. Future research endeavors should adopt medium- and long-term approaches, incorporating participants from diverse skill levels and age groups. Moreover, these interventions should include instruments for continuously monitoring players’ development, enabling the formulation of adaptable short-term plans that prioritize fostering positive and conducive learning environments. This holistic and inclusive approach promises to yield more comprehensive and actionable insights, propelling the field of youth sports science into a more nuanced and impactful future.



To our surprise, no studies on artificial intelligence (AI) were included. Indeed, AI (e.g., machine learning approaches and Generative AI) are becoming increasingly common in applied sport science environments, e.g., [22], thus capturing some of these stories and evaluating good practice will be important moving forward. For instance, the emergence of chatbots has played a significant role in facilitating interactions between AI and individuals [23]. One notable interaction involves requesting personalized training interventions, where AI provides suggestions and assistance at a personal level [24], potentially contributing to improved health and wellbeing [25]. This presents a realm of new opportunities to explore how AI can contribute to reducing the high prevalence of sedentary behavior among children [26] and addressing issues such as relative energy deficiency in sports (REDS) [27]. Consequently, there is a call to action to inspire researchers and stakeholders to intensify their efforts in developing experimental studies. These studies can contribute to the establishment of normative guidelines that assist children, youth, coaches, and parents in utilizing AI to promote an active lifestyle and enhance health and well-being.



It was also surprising to note that no study focused on children’s health nor well-being. In recent years, we have witnessed an unprecedented increase in childhood obesity [28]. This surge is compounded by elevated levels of sedentary behavior [29], extensive screen time [30] and decreased social interaction [31]. Collectively, these factors have contributed to a rise in issues related to mental health [32]. Indeed, mental health has garnered significant attention from researchers, particularly following the onset of the COVID-19 pandemic [33,34,35]. While it is well established that sports can positively impact mental health outcomes [36], additional research is needed to comprehend how children of various age groups and genders may respond to distinct training interventions from both micro- and macroscale perspectives. Consequently, future studies must delve into the ways in which sports sciences can actively contribute to the well-being of children, with a specific focus on mental health. This exploration should involve sharing insights from clinical, epidemiological, and translational science that are particularly relevant to children’s health.



Lastly, during sports science research and practice related to youth, we feel it is pertinent to highlight the need to ensure that we put the child before the athlete in all circumstances. More specifically, we encourage both researchers and practitioners to recognize the growing research in this field, as well as (and more importantly) the rapid increase in the professionalization of talent development systems (e.g., soccer academies), should not compromise children’s rights [37]. For instance, talent pathways are inherently judicious and discriminate due to the often subjective and selective nature of these processes, and thus, athletes regularly face various setbacks (e.g., deselection) and mistreatment (e.g., biases in selection). Researchers can negate this by ensuring organizations possess a clear and coherent children’s rights policy prior to engaging in research activities, whilst practitioners must respect and promote children’s rights, health, and wellbeing during applied activities.




5. Summary


This Special Issue was designed with the dual purpose of advancing youth sports science research to provide theoretical and practical insights. These insights not only contribute to enhancing the understanding of youth sports but also play a crucial role in promoting the health, both physical and mental, of children. The aim is to assist stakeholders and organizational structures in adapting their practices to foster more effective and efficient environments, with a specific emphasis on the significant impact these practices can have on the overall health and well-being of youth. Beyond expanding the knowledge in specific domains, research efforts have also aimed to raise new questions, inspiring future advancements in this field. Moving forward, researchers and practitioners are encouraged to co-create research projects to facilitate greater knowledge mobilization across children’s sports science. We extend heartfelt gratitude to all the contributing authors and reviewers whose dedication and expertise have made this research topic possible. Their invaluable contributions have enriched our understanding of sports science in youth and paved the way for innovative approaches and progressive developments in this crucial area. Thank you for your unwavering commitment to advancing the world of sports science and nurturing the talents of young athletes.
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