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Purpose: For systematic athletic training and targeted talent development, it is essential to know the physical fitness and motor competencies of top athletes in detail. However, it can be difficult to identify differences in performance requirements and thus to provide adequate support, especially for sports that at first glance appear to have similar demands—such as track and field throwing disciplines. Therefore, the aim of the study was to examine the physical fitness and motor competence of top athletes from different throwing disciplines and to check whether the athletes’ performance parameters match the specific requirements of the respective sport.
Methods: The study involved 289 male youth athletes (aged 14–18 years) across four distinct throwing disciplines: shot put (n = 101), hammer throw (n = 16), discus throw (n = 63), and javelin throw (n = 109). The performance evaluation comprised three anthropometric measurements and twelve motor performance prerequisites applicable to the throwing disciplines. Discriminant analysis and neural networks (Multilayer Perceptron) were implemented to determine the possibility of distinguishing among athletes from the four sports.
Results: The study’s findings indicate that in male throwing athletes, disparities in general physical fitness and motor proficiency assessments discern the majority of talented young athletes based on their specific sport (discriminant analysis: 68.2%; multilayer perceptron analysis: 72.2%). This remains applicable irrespective of the classification method employed. Discus throwers possessed a height advantage, while shot putters and hammer throwers exhibited superior arm strength. Javelin throwers displayed better explosive strength and sprinting speed. Except for the hammer throwers, all events demonstrated a high level of explosive power in the medicine ball forward or backward throw test, which was especially crucial for shot put and discus athletes.
Conclusion: The significance of physical fitness and motor competence tests in identifying and transferring talented athletes in track and field throwing disciplines has been affirmed. Using linear and non-linear classification methods, most athletes could be assigned to their correct sport. However, this also shows that slightly different training and talent identification is required for each of these sports. Furthermore, non-linear analysis methods can provide useful support for the development processes in junior competitive sports.
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INTRODUCTION
Participation in elite sport training at a young age is associated with identification, selection, and also transfer of athletes (Figure 1) with specific performance prerequisites of a particular sport (Baker et al., 2012; Cobley et al., 2012; Pion, 2015). In Line with the talent development model of Preckel et al. (2020), athletes in middle and late adolescence tend towards late specialisation, which is particularly true for youth in the throwing events. Therefore, coaches and applied sports scientists try to identify or transfer talented throwers from the athletic population, based on characteristics of physical fitness and motor competence, which are assumed to be important for future success at a high level (Siener and Hohmann, 2019). Due to the specific nature of the throwing motion, the performance requirements differ significantly from those of other athletic disciplines, which highlights the need for specific studies on the relevant components of physical fitness and motor competence (Zhao and Zhao, 2023). For instance, certain anthropometric characteristics are exhibited by athletes in shot put, hammer, and discus throw, including a higher body weight and lean body mass when compared to javelin throw athletes (Zaras et al., 2021). Furthermore, shot put and discus throw athletes usually possess a superior body height in contrast to javelin throwers, as found by Carter. (1982) and Morrow et al. (1982).
[image: Figure 1]FIGURE 1 | Talent identification and talent promotion as the two intertwined strategies in the long-term talent development model (mod. from Hohmann and Seidel, 2003).
In the realm of physical fitness, athletes in all four throwing disciplines rely on maximum arm and leg strength and ballistic power of the extremities to enhance their performance. The strength of arm and leg extension muscles is crucial in achieving a high momentum transfer to the throwing device, making these performance characteristics pivotal (Łysoń-Uklańska et al., 2021). Terzis et al. (2003) and Bouhlel et al. (2007) discovered that maximal leg and arm strength were significantly correlated with throwing performance in shot-put and javelin throw, respectively. Moreover, this crucial connection has been presented not only in similarly diverse athletes at the university level (Stone et al., 2003; Zaras et al., 2013), but also at the relatively homogeneous elite performance level (Schleichardt et al., 2021). Research conducted by Caughey and Thomas (2022) on collegiate shot put athletes has shown that sprinting speed also has a significant impact. Explosiveness is not the only factor that affects throwing performance. Additionally, the core stability (Okada et al., 2011; Jha et al., 2022) and flexibility (Kim et al., 2014) of athletes play a crucial role in throwing disciplines, not only in the shoulder but also in the trunk, hip and legs. Although no reports exist on the validity of running endurance tests in track and field throwing disciplines, these tests, conducted using essential exercise modes, are frequent in seasonal preparation phases for all four throwing disciplines. Therefore, it appears reasonable to assess and examine endurance capabilities.
The identified sport-specific performance characteristics of shot put, hammer throw, discus throw, and javelin throw in track and field can be used for talent identification or transfer during middle and late adolescence, based on the aforementioned research (Collins et al., 2014; MacNamara and Collins, 2015). Horst et al.’s (2020) findings highlight the importance of exploring performance similarities and differences across the four throwing disciplines. Identical patterns of individual performance characteristics were observed among shot put, discus, and javelin decathlon athletes. Therefore, investigating both similarities and differences is necessary in this context.
Athletic abilities in specific sports adhere to a combination of inherent talents (nature) and cultivated performance prerequisites (nurture; Pion, 2015). Talent identification protocols involve both morphological measurements and recorded performance tests. Therefore, several talent identification and transfer programs at elite sports schools have incorporated morphological, physical fitness, and motor competence diagnostics (Hoare, 1995; Fuchslocher et al., 2011; Unnithan et al., 2012; Douglas, 2014; Fernandez-Fernández et al., 2014).
Many sports rely on a complex, multidimensional performance profile (Buekers et al., 2015). As such, the selection of talented athletes should emphasise a multifaceted range of general physical, physiological, psychomotor and psychological performance diagnostics (Williams and Franks, 1998; Williams and Reilly, 2000). In general, there is a lack of research that investigates the discriminatory value of various performance prerequisites across a range of different sporting disciplines. However, studies have shown potential in distinguishing sports based on their performance requirements. For instance, Leone et al. (2002) successfully differentiated 88% of athletes from four sports (figure skating, swimming, tennis, and volleyball) by conducting a discriminant analysis that factored in athletes’ anthropometric and motor traits. Opstoel et al. (2015) reported an accurate classification of 85.2% of highly active U12 athletes across various sports such as ball sports, dance, gymnastics, martial arts, racket sports, and swimming. Furthermore, Pion et al. (2015) achieved a successful classification of 96.4% of 141 adolescent Flemish athletes across nine distinct sports. In accordance with our research objectives, the results from Pion et al.'s (2014) investigation into elite male U18 athletes were highly favourable, with a 100% accurate classification achieved for the interconnected martial arts disciplines of judo, karate, and taekwondo. Unlike the studies mentioned earlier, the accuracy of discriminant analysis reduces when one case (n = 1) is held out to classify on the basis of discriminant functions obtained from all other cases (n–1), unless the hold-out case is representative of the entire population under investigation. Zhao et al. (2019a) employed this cross-validation approach to discriminate 56 youth athletes aged 12–16 years from sports such as basketball, fencing, judo, swimming, table tennis, and volleyball. The success rate for the correct classification of athletes was reported to be 71.3%. Applying a 10% holdout strategy and utilising the multilayer perceptron (MLP) neural network method as an alternative, the authors reported a classification rate of 71.0%, which was almost identical.
To suggest appropriate sports for young athletes based on their unique talent profile, which is feasible during early childhood (Pion et al., 2015) and is also a part of a talent transfer strategy at later stages (Bullock et al., 2009), trustworthy and reliable data on the potential of gifted athletes in particular sports is critical for applied sports scientists. However, multifaceted test batteries that can distinguish between the relevant performance attributes necessary for different sports disciplines are also needed in clubs and sports federations. Thus, the present study aims to distinguish elite male athletes from four distinct track and field throwing disciplines using physical fitness and motor competence tests. Furthermore, it will explore whether the athletes from each discipline possess a sport-specific anthropometric and motor performance profile that aligns with the unique demands of their throwing discipline. While top-level performance components at a young age might not be essential prerequisites for future success (Boccia et al., 2019; Boccia et al., 2021), assessments of morphological, physical fitness and motor competence can aid in identifying or transferring youth athletes into specific sports or sport-specific disciplines (Collins et al., 2014). Although the development and success of elite athletes are influenced by various complex and dynamically changing factors (Hartigh et al., 2016), such as the different rules and competition devices for youth throwing athletes, it seems feasible to orientate young athletes towards appropriate sports based on their core physical fitness and motor competence attributes during their formative years. Zhao and Zhao (2023) found significant correlations between linear sprint speed, lower and upper limb power, and performance in the four track and field throwing disciplines. For example, the overhead medicine ball forward and backward throw had a particularly strong correlation. Additionally, male and female youth athletes differed in body height, body mass, and BMI, as well as in trunk flexibility, core stability, and performance on the hexagon agility test. It was hypothesized that a generic test battery would have enough discriminative power to categorise athletes into their respective sports, based on their unique profile of test results. The presiding athletic performance prerequisites could therefore serve as a scientific foundation for identifying or transferring talented athletes in this field of sport.
MATERIALS AND METHODS
General study design
Chinese male junior athletes from four different track and field throwing disciplines underwent a generic test battery to evaluate their physical fitness and motor competence. Additionally, body height and weight measurements were obtained from each participant. The study aims to investigate the direct correlation between the test results and the achieved throwing performances. Furthermore, using both linear and non-linear classification analyses, we explored the potential for differentiating between sport disciplines based on test values.
Participants
A cohort of N = 348 young male athletes from elite track and field programs throughout China were chosen as subjects for this study. The sports schools they attended were among China’s thirty most prestigious. The selected athletes, aged 14–18 years, specialised in one of four throwing disciplines: shot put (n = 155), hammer throw (n = 35), discus throw (n = 116), and javelin throw (n = 148). All athletes had previously competed in either provincial or national junior athletic championships. All athletes engaged in a minimum of two daily training sessions, totaling 18 h of training per week over six training days. The athletes competed at a high level in their respective sports, representing China or one of its 22 provinces at nationwide competitions. Participant recruitment occurred in adherence to ethical standards set by the China Institute of Sport Science (CISS) and the Chinese Athletics Association (CAA). The Chinese Athletics Association (CAA) organized the test battery and executed the tests. The data utilized in this study, as presented in Table 1, was diagnosed during the first month (September/October) of the 2022/2023 training year.
TABLE 1 | Descriptives of the specific throw performances, three morphological and twelve physical fitness and motor competence characteristics.
[image: Table 1]Ethics approval and parental written informed consent was obtained from the participants in this study in accordance with the declaration of Helsinki. Parents of all athletes were informed of the study protocol, which was outlined in an information letter. No data collection took place without parents’ consent. All athletes performed at a high level in their respective sport and represented China and/or one of the 22 provinces in provincial or national competitions.
Measurements
The participants underwent two morphological, nine physical fitness tests, and three motor competence tests. All tests were carried out by sports school staff of over twenty experts in sports science and coaching. This staff received pretesting training to standardize the testing procedures (Zhao and Zhao, 2023). The experimenters testing the athletes remained the same, ensuring that measurement consistency was achieved. All tests were conducted on the initial day with the Chief Judge being video-linked to the referees at each test location to commence each event in unison, following the test’s content. The tests began at 9 a.m., and all athletes refrained from strenuous exercise the day before the test session.
The measurements and tests were executed by each participant before standardized training and explanations were provided. All participants adhered to the prescribed warm-up procedure, comprising jogging, dynamic stretching, activation, and potentiation techniques. Anthropometric measurements were taken in the morning of the first day, followed by physical fitness testing in the afternoon. Figure 2 illustrates the test order to ensure that the completion of one test did not impede performance in subsequent tests. Specialized throwing performance was then assessed on the second morning. The results of all athletes’ tests were recorded in accordance with each test’s specific requirements.
[image: Figure 2]FIGURE 2 | Test order on day 1 and order of the specialized throwing performance assessment on day 2 (Zhao and Zhao, 2023).
Morphological characteristics
The subjects followed a standardized procedure for measuring body height (BH) to the nearest 0.1 cm (Height Tester, Donghuateng Sports Apparatus Ltd., Beijing, China). Also, body weight (BW) was measured according to standardized test procedures to the nearest 0.1 kg (calibrated Seca Alpha 770; Norton, 2018). Body Mass Index (BMI) of each athlete was calculated by dividing their weight by the square of their height (kg/m2). As in some cases only the BMI was reported instead of the BH and BW data—in most of the analyses the BMI was used.
Motor characteristics
The participants’ physical fitness (PF) was evaluated through nine generic test procedures (Zhao and Zhao, 2023). The PF assessment battery assessed explosive leg strength (measured via two attempts of a standing long jump and triple step jump), arm strength (measured through chin-over-the-bar pull-ups and two attempts of a medicine ball throw backwards and forwards; refer to Table 2), core strength (measured via the plank test), endurance (measured by a 2 km run), and running speed (measured via single attempts of both the 30 m and 60 m running sprint).
(1) Standing Long Jump and Standing Triple Jump
TABLE 2 | Weights of the test devices (Zhao and Zhao, 2023).
[image: Table 2]Several studies have shown that the standing long jump (Siener et al., 2021b) and standing triple jump can effectively assess lower limb strength and power, as well as being highly correlated with the anaerobic output capacity of young individuals. Participants were given instruction to wear sneakers while standing behind the jumping line on a running track and then jump forward as fast as possible with an arm swing. All participants undertook three long jump and three triple jump trials, beginning from the edge of the jump line with 1-min rest between each attempt. Standardized guidelines were issued before the test. The gap between the jump line and the nearest contact point of the body with the ground was measured to the closest unit of 1 cm. The farthest distance was documented.
(2) Pull Ups
The pull-up test is considered an effective test for assessing upper body strength—particularly the strength of the upper back, arms, and shoulders. The subject holds the bar with both hands placed squarely (palms forward), slightly wider than shoulder width. They raise themselves until the chin clears the bar, then lower themselves until the elbows are fully extended and in a hanging position, without any swinging motion. In one single trial the maximum number of correctly performed pull-ups was recorded.
(3) Forward Medicine Ball Forward Throw (MBFT) and Medicine Ball Backward Throw (MBBT)
The shot-put backward throw, along with the backward and forward medicine ball throws (MBBT), have been identified as effective assessments for throwing performance and whole-body explosiveness in athletics. Previous reports on the MBFT show high test-retest reliability, with an Intraclass Correlation Coefficient (ICC) of 0.84 (p < 0.01), while the MBBT exhibited an ICC of 0.996 (p < 0.01). The participants stood at a marked line, aligning their feet in parallel and slightly spaced positions towards the throwing direction. They grasped the ball (refer to Table 2 for its weight) with both hands at the front of their body, executing an integrated physical effort to launch the solid ball forwards or backwards. Each person was given three tries and the maximum throw distance across the measuring tape was document.
(4) Plank Test
The plank test is employed for evaluating core musculature endurance and has yielded exceptional test-retest reliability, with an significant ICC of 0.99. To commence, the participant assumed a prone position on the ground, with support provided by the body utilizing the forearms, elbows, and feet. The elbows remained perpendicular to the ground while lifting the hips, with the body forming a straight line from heel to head. After assuming the “plank” position, the stopwatch was initiated. Participants were asked to perform a single-trial of the plank test, with the test being continued until they could no longer maintain the correct position. The time taken for the test was recorded in seconds.
(5) 2000 m Endurance Run
Various forms of field tests, such as running on an athletic track, have been utilised to evaluate endurance. According to Bunc (1994), the 2000 m run is a practical and straightforward field test that can efficiently assess aerobic capacity. The participants commenced the race upon hearing the signal, which started behind the starting line. They ran the 2 km distance in the shortest feasible time whilst being recorded in increments of 0.01 s. Ultimately, all times were converted into minutes.
(6) Linear Sprint
Rumpf et al. (2011) has previously reported on the reliability of sprint running assessments in youth athletes. In this study, we evaluated the linear sprint ability of athletes by conducting 30 m and 60 m sprints. Athletes were positioned 1 m behind the start line, which triggered the Photoelectric timing system. They could choose between a 3-point start position or a standing start position and sprinted for the designated distance. Each person completed the test twice and rested for 3–5 min between each attempt. The analysis includes the best results from both the 30 m sprint and the 60 m sprint.
The motor competence (MC) of the participants was diagnosed by three generic tests for flexibility (measured by a sit and reach test), agility (measured by the Hexagonal jump test), and balance—measured by a one-legged stance on a balance pad (Donghuateng Sports Apparatus Ltd., Beijing, China; Zhao and Zhao, 2023):
(1) Trunk Flexibility
To assess back and leg flexibility, we used the sit and reach test, known for its high reliability (see also Hoeger et al., 1990; Safrit, 1990).
(2) Hexagon Agility Test
The hexagon test is a reliable measure of agility, with a high test-retest reliability rate (ICC = 0.93, p < 0.001). During the test, participants stand with their feet together at the centre of a hexagon, measuring 60 cm per side with 120-degree angles, facing forwards. Upon hearing the start signal, participants then hop clockwise from the center of the hexagon using both legs. After completing three full rounds (18 jumps) along the hexagon, the time is terminated, and the outcome is recorded. Three tests were conducted for each participant, and the swiftest time, measured by 0.01 s, was selected for consequent analysis. A rest period of 3–5 min was allotted between each test.
(3) Balance Test
The balance performance of the athletes was measured by a one-legged stance on a balance pad (balance pad, Donghuateng Sports Apparatus Ltd., Beijing, China).
Specific throw performance
To reduce the influence of technology on throwing performance, we used the power-position throwing technique (without run-up, rotation, or glide) to measure the targeted strength of young athletes in shot put and discus (Karampatsos et al., 2011). It is evident that the leg muscles play a significant role in generating force, e.g., given the importance of run-up speed in javelin (Bartlett and Best, 1988) and release velocity in hammer throw (Castaldi et al., 2022) for determining the final throw distance. Javelin athletes utilize a crossover stride technique without a run-up for their throws. Meanwhile, under-16 hammer throwers execute one spin before releasing the hammer, and under-18 hammer throwers perform two spins before releasing the hammer. After warming up, athletes performed their specific discipline as prescribed. They each completed six throws, with the best result being recorded. A break of 3–5 min was given between each testing session. Athletes of varying ages utilised different equipment weights (Table 2).
All assessments were conducted by qualified personnel from renowned sports academies. For the tests with two repetitions, which were not required in the 2-km run, pull-up, and plank tests, test-retest reliability coefficients above rtt > 0.80 were obtained, demonstrating their suitability for individual evaluations. Rigorous training was given to the testers, and standardized testing procedures were followed to minimize errors (Vicente-Rodríguez et al., 2011).
Prior to the testing session, the participants underwent a standardized warm-up routine that included cycling, running, and dynamic stretching exercises. The testing protocols provided by the Chinese Athletics Association were implemented meticulously throughout the testing phase.
Statistical analysis
All data were analyzed with SPSS (Version 28.0; SPSS Inc., Chicago, IL, United States) and statistical significance was set at p ≤ 0.05.
To ensure high concurrent and discriminative validity of anthropometric and motor predictors, the impact of age on test performance should be taken into account—not only in sports settings in general (Höner et al., 2017). Meylanet al. (2010), as well as Höner and Votteler (2016), have studied the youth athletes in both general sports and specifically those in track and field throwing disciplines such as that examined by Figueiredo et al. (2021) and Redondo Castán et al. (2019). The dataset was subjected to univariate ANOVA tests to identify significant differences among the athletes’ age according to the calendar year. As test performances systematically increased with age across the four adolescent age groups (U15 to U18) involved in the study, calendar age (in months) was removed from all predictors using linear regression analysis to prevent confounding effects in subsequent analysis (Hohmann and Siener, 2021). In the linear regression analyses, test results were used as the dependent variable, while age (in months) was used as the independent variable. For the sake of comparing different predictors, the residuals of the regressions were standardised into z-values. Therefore, only the age-adjusted z-values were used in all subsequent analyses.
The concurrent validity of the three morphological and twelve physical fitness and motor competence measures was evaluated via a bivariate correlation (Pearson) with the throw performance of the discipline-specific standing throw. The discriminative validity of the three morphological and twelve physical fitness and motor competence measures was established by means of a statistical classification of the athletes, using both linear discriminant analysis (DA) and a multilayer perceptron (non-linear neural network; MLP). The chief benefit of utilising the MLP analysis is that it makes minimal assumptions, owing to the learning character of neural networks methods, regarding interrelations within the data. Thus, as opposed to linear discriminant analysis, the multilayer perceptron can identify both linear and non-linear relationships through its iterative learning process. The utilization of both linear DA and non-linear MLP neural networks presents a promising technique to address the issue of talent identification, particularly in elite sports where various talent patterns may result in equivalent performance outcomes among aspiring young athletes. This method has been extensively discussed and supported in previous studies (Philippaerts et al., 2008; Pfeiffer and Hohmann, 2012; Till et al., 2016; Pion et al., 2017).
In the initial stage of both analyses, the four sports were used as the dependent grouping variable, while the test results were utilised as the independent variable set. Next, we analysed the prioritisation of the fifteen independent variables by comparing a group that included a single throw discipline with the other group consisting of the remaining three sports. The objective of this second stage was to identify the most significant anthropometric, physical fitness, and motor competence traits for each of the four track and field throwing events. Moreover, to prioritize the key characteristics of athletes that are specifically relevant to each throwing discipline. The stepwise discriminant analysis was carried out using the “leave-one-out” approach. This means that the categorization of each person was determined using a formula developed from all other (n–1) tests, with the exception of one case reserved for concluding categorization. Correspondingly, the MLP analysis generated three groupings for i) training, ii) validation predictions, and iii) the ultimate grouping of the remaining cases (test sample). Afterwards, the MLP was trained employing 70% of all cases, whereas 20% were expended to authenticate the trained network. Finally, we calculated the classification for the test sample, comprising the remaining 10% of cases. This particular leave-out cross-validation method was reiterated ten times to ensure that each instance was included in the group of athletes eventually classified as hold-outs at least once. To gauge the credibility of this classification method, the percentage of accurate hits from the neural network classification was averaged across the ten trials and the resulting mean value was implemented. Therefore, this process conforms to a 10-fold cross-validation (Siener et al., 2021a). The classification quality of both methods was determined by calculating the proportion of correct assignments, that is, the percentage of athletes correctly identified with their respective throwing disciplines. Contrastingly, the DA considers a priori probabilities and a significant portion of the calculation procedure to accommodate for different case numbers in the two groups. On the other hand, in MLP athletes’ classification, equal case numbers in the investigated groups is the norm. Otherwise, the larger categories attract most of the athletes from smaller ones. To prevent this error due to group size, all MLP calculations randomly assigned participants of the remaining three sports, which had comparable group sizes with the investigated single sport group, into a number of groups that matched the size of the single sport group. Therefore, in shot put, we divided the remaining group into two, in discus throw into three, and in the hammer throw analysis into 15 groups. The results obtained from the subgroups were then averaged in these three analyses. Furthermore, an ROC analysis was calculated to illustrate the findings.
RESULTS
The morphological measures displayed a concurrent validity of low to medium, while the physical fitness and motor competence tests exhibited medium to large concurrent validity in relation to throwing performance. Table 3 reveals that the criterion-oriented validity of the tests differs among the four distinct throwing disciplines.
TABLE 3 | Correlation values (Pearson, two-sided) between test scores and achieved sport-specific throwing performance to evaluate the concurrent and criterion-oriented validity.
[image: Table 3]Classification by linear discriminant analysis and non-linear neural network
Overall, 67 cases were excluded from the Discriminant Analysis in the four throwing disciplines due to missing data. The remaining total sample size of n = 280 cases was used to calculate the DA, resulting in a 72.9% correct classification rate. In this study, 76.8% of the 99 shot put athletes achieved correct hits, while only 54.5% of the 11 included hammer throw athletes achieved them. Additionally, 50% of the 62 discus athletes achieved correct hits, and 84.3% of the 108 javelin throwers did so. In order to improve accuracy, a cross-validated DA was conducted in a second attempt, with each of the 280 athletes used as a single hold-out case exclusively classified. Using a leave-one-out procedure, this study found that 68.2% of all participants were correctly classified and assigned to their specific throwing discipline as true positives (refer to Table 4). The classification performance was best in the javelin throw, where 82.4% of athletes were assigned correctly, and cross-validation identified only 19 out of 108 athletes as false negatives for another sport (6 for shot put, 2 for hammer throw, and 11 for discus throw). The hammer throw had the highest percentage of false negatives (63.7%), as a result of four youth hammer throwers (36.4%) being wrongly classified under the shot put group and an additional three (27.3%) under the javelin group.
TABLE 4 | Cross-validated classification of n = 280 single cases of youth track and field athletes from four throwing disciplines on the basis of 13 performance characteristics.
[image: Table 4]As there were four distinct sports groups, we established three linear discriminant functions. The first two functions accounted for 92.6% of the total variance, and Figure 3 on the X- and Y-axes displays this. The athletes from the four throwing groups are distributed around their respective centroids, which are situated on distinct areas of the plot. Functions at group centroids are identified. Shot put, function 1 = 1.10 and function 2 = −0.21; Hammer throw, function 1 = 0.61 and function 2 = −1.37; Discus throw, function 1 = 0.42 and function 2 = 0.74; and Javelin throw, function 1 = −1.31 and function 2 = −0.09. The first function (Eigenvalue: 1.15) was the most significant, accounting for 78.0 percent of the variance and primarily related to the medicine ball throw (backward). The second function (eigenvalue: 0.22) accounted for 14.6% of the variance and was particularly associated with the performances of jumping and sprinting.
[image: Figure 3]FIGURE 3 | Plot of individual and group differences between the four throw disciplines resulting from three morphological and twelve physical fitness and motor competence tests.
Compared to the results obtained with the DA, the cross-validated MLP attempt resulted in a four percent improvement in predicting the four throwing disciplines. In total, 72.2% of the athletes of the test sample were correctly assigned to their corresponding sport. However, only 10% of the performers were correctly identified in the hammer throw based on their physical fitness and motor competence test data, while a significantly better prediction rate was observed in the other three disciplines. The javelin throw group achieved the best result with 82.9% accurate assignments, followed by the shot put athletes (74.0%) and discus throwers (70.9%). Figure 4 clearly demonstrates the high sensitivity of the non-linear MLP tool, especially in predicting the talent of adolescent discus, javelin throwers, and shot putters based on their physical fitness, motor competence test performances, and morphological features.
[image: Figure 4]FIGURE 4 | ROC-curves representing the overall quality of the youth athletes’ assignments to the four throw disciplines.
Prioritization of talent characteristics for each throw discipline
Table 5 documents the descriptive statistics of the 15 variables measured in the N = 348 male athletes. The study exhibits the mean age at test for the four groups of throwers, and it reveals no significant difference between them (F3; 285 = 1.80; p = 0.147).
TABLE 5 | Morphological, physical fitness and motor competence performance prerequisites of the athletes from four track and field throwing disciplines.
[image: Table 5]Shot put
During the stepwise discriminant analysis of anthropometric, physical fitness, and motor competence measures, it was observed that young shot putters demonstrated superior performance in medicine ball backward throw in comparison to all other track and field throwers (refer to Table 5), with a discriminant coefficient of .70. Conversely, shot putters displayed inferior performance in medicine ball forward throw (discriminant coefficient = −.64), 60 m sprint (.38), and plank test (−.44). Based on these five tests, 69.2% of the 101 shot putters that were tested were able to be distinguished from the total group of 188 athletes from other throwing disciplines.
The non-linear MLP analysis (Figure 5) prioritized the importance of the independent variables in classifying the athletes, serving as a validity measure to distinguish between participants of different throwing disciplines based on their anthropometric, physical fitness and motor competence characteristics. The physical fitness tests with the highest relevance in discriminating shot putters from all other throwing athletes were the forward medicine ball throw (importance: 79.8%, despite its negative discrimination against shot putters from other track and field throwers) and an above-average backward throw (importance: 75.8%). Furthermore, a greater BMI (55.5%), slower 60 m sprint times (63.5%), and lower performance in standing long jump (48.6%) were significant contributors in correctly distinguishing 74.9% of shot putters from other throwers.
[image: Figure 5]FIGURE 5 | Normalized importance (in percent) of the three morphological and twelve physical fitness and motor competence tests in the non-linear MLP analysis to prioritize each single throw discipline from the remaining total group of all three other sports.
Hammer throw
The stepwise DA demonstrated that the hammer throw athletes were set apart from all other youth athletes in the remaining three throwing disciplines mainly due to their exceptional core stability performance in the plank test (discriminant coefficient = 1.13), extended duration of balanced stance on the one-leg pad (.66), and superior agility in the hexagonal jump (−.26). On the contrary, hammer throwers displayed poorer performance in the triple jump (discriminant coefficient = .42) and 2-km running endurance (.34) compared to their peers in other throwing sports. Nonetheless, 44.4 percent of hammer throwers were categorised into their original sporting discipline using the aforementioned five tests.
The non-linear MLP analysis confirmed the DA results, specifically indicating a consistently lower performance in the triple jump (normalized importance: 53.2%). However, the hammer throwers exhibited superior core stability compared to other throwing athletes (plank test importance: 76.4%) and a higher BMI (importance: 56.7%). Overall, the MLP accurately identified 71.3% of the cases included in the test set that was presented to the trained and validated neural network.
Discus throw
The stepwise DA identified three tests that differentiated this group from other young throwing athletes in the discus throwing discipline. These tests were body height (discriminant coefficient = .64), triple jump distance (discriminant coefficient = .70), and hexagonal jumping agility (discriminant coefficient = −.37). These factors proved superior among all throwers. Despite these significant tests, the DA could only correctly identify 37.0% of the cases.
The MLP analysis found support for the DA results in various areas, such as the superior performance in triple jump (normalized importance: 83.3%) and fast 30-metre sprint (importance: 64.5%), as well as the better results in the medicine ball backward throw test (importance: 60.5%). However, the MLP results also indicated lower hexagonal jumping agility performance (80.4%), which displayed a noticeable deviation from the other young throwing athletes. In brief, the MLP successfully differentiated 71.6% of discus throwers from other participants in throwing events.
Javelin throw
The stepwise discriminant analysis for the javelin yielded nine significant variables, allowing for the accurate classification of 83% of throwers into their respective sport. Among the discriminating factors were two anthropometric and seven physical fitness and motor competence parameters, distinguishing javelin experts from other participants in track and field throwing disciplines. The medicine ball forward throw displayed the most notable positive contrast compared to all other throwers in the group (discriminant coefficient = −.64). Additionally, an improvement in sprint performances was observed for the 60-m dash (.34), the pull-ups test (−.24), and the 2-km running endurance trial (.24.). Moreover, the lower BMI (.35) was due primarily to a lower body weight (.39). Compared to their counterparts in the other three throwing disciplines, javelin throwers showed lower proficiency in certain aspects of performance. Specifically, they scored less in the backward medicine ball throw (.65), standing long jump (.43), and jumping agility as measured by the hexagonal jump test (−.23).
The non-linear MLP analysis confirmed the DA results to a large extent, as the performance gap between the subject and the total group of other athletes was systematic in the lesser medicine ball backward throw with a normalized importance score of 93.5%. Furthermore, a decreased body weight (85.3%) and lower BMI (56.5%), superior 60-meter sprint performance (71.5%) and above-average agility in the hexagonal test (49.1%) were also significant factors in correctly identifying 80.3% of javelin throw specialists.
DISCUSSION
The research aimed to differentiate adolescent track and field athletes belonging to four throwing sport disciplines, hailing from more than 30 Chinese elite sports schools. This cohort will likely provide the next-generation of elite senior athletes. The study administered a standardized battery of 15 anthropometric and motor performance measures to a total of 348 athletes. It is important to note that this study employed both linear and non-linear statistical methods simultaneously to determine the key characteristics of throw performance for each of the four throwing disciplines and to validate the findings of each method accordingly. The study found that the generic test battery had a high level of discriminative validity resulting in a correct assignment rate of 58.4% (using linear discriminant analysis) and an even more impressive rate of 74.5% (using the non-linear neural network tool MLP) after cross-validation. Despite the DA achieving a higher classification rate than random assignment, only MLP can be considered a good classification method. The study’s accuracy in distinguishing between adolescent shot putters, hammer, discus, and javelin throwers was of high quality. It is noteworthy that a very homogeneous group of throwing athletes solely from track and field sports was investigated. Roughly three-quarters of the discriminative results were correct.
The value of this discovery is further supported when contrasted with the cross-validated outcomes of Zhao et al. (2019b) who reported 71.3% accurate evaluations in a similar research study at a Chinese leading sports institution in Shanghai that involved a much wider array of sports (basketball, fencing, judo, swimming, table tennis, volleyball). It is advisable to avoid evaluating classification results through cross-validation, as demonstrated by Pion et al.’s (2015) study on nine diverse sports, namely, badminton, basketball, gymnastics, handball, judo, soccer, table tennis, triathlon, and volleyball, in order to achieve better outcomes. The 100% classification achieved by Pion et al. (2014) through a discriminant analysis in the three most homogenous martial arts disciplines, judo, karate and taekwondo, illustrates the need for a cross-check procedure, utilizing either a leave-one-out strategy or a larger hold-out group. Our findings show promise in comparison to Leone et al. (2002) classification rate of 88.0% in a diverse group of figure skaters, swimmers, tennis and volleyball players, and Opstoel et al. (2015) correct hit rate of 85.2% in various sports including ball games, dance, gymnastics, martial arts, racket sports, and swimming athletes. To summarise, our study found that a non-linear neural network accurately classified roughly three-quarters of throwing athletes. However, direct comparison with research groups who only calculated predictive accuracy on the original sample, including all group members, is not possible. In spite of this, we introduced test cases for cross-checking purposes, and our results remain highly satisfactory. This holds true in all four the disciplines and especially in javelin throw, whereas the linear DA and non-linear MLP analyses failed particularly in the identification of hammer throw athletes.
The javelin throw yielded the highest rate of accuracy in the DA, with classification results of 83.0%. The high predictive accuracy is primarily founded on the standing long jump, triple jump, two sprints, and two medicine ball throw tests. This is consistent with Bouhlel et al. (2007) and Schleichardt et al. (2021) findings, which attribute this discovery to the importance of explosive strength skills in this sport. Additionally, body dimensions, such as height and weight, may also play a role. Body weight does not have as significant of an impact in javelin throw compared to discus throw and shot-put disciplines (Carter, 1982; Morrow et al., 1982; Zaras et al., 2013).
As previously mentioned, the anthropometric characteristic of body height is a crucial factor for shot put and discus throw athletes. A tall height allows for a higher take-off and, when combined with longer arms, results in a longer acceleration trajectory of the heavy competition device (Mastalerz and Sadowski, 2022). In addition to comparable anthropometric performance requirements, the performances of throwers from both disciplines in medicine ball throws (forward and backward) as well as their above-average jumping abilities, significantly impact their overall performance in the sports-specific throws.
The linear discriminant analysis had significant deficits in predicting accurately the hammer throw athletes, with about two thirds of them being incorrectly identified. The non-linear multilayer perceptron method displayed superior predictions, but this finding could be attributed to the notably smaller sample size of this sport-specific group. The small number of participants presents a challenge in establishing a distinct sport-specific performance profile, separate from the large number of shot put, discus, and javelin cases. As such, aligning the group sizes used in the MLP procedure is a more appropriate approach than relying on a-priori probability in the DA analysis.
In the past, talent identification for some sports relied mainly on sport-specific tests, which hindered comparisons of results across different sports and impeded drawing conclusions on the feasibility of transferring athletes from donor-to recipient sports. This has become increasingly significant in elite sports during the last 2 decades (Teunissen et al., 2021). Sport-specific tests present a challenge as athletes from one discipline who are not familiar with the techniques and capabilities of another sport cannot reliably take tests that are specific to the other sport. Therefore, it is essential for talent development and transfer processes to incorporate a multidisciplinary combination of anthropometric, motor, psychological, and physiological tests of low to medium specificity. The multifaceted testing protocols enable a comprehensive evaluation of each athlete, as well as comparisons across various sports and transferability between disciplines (Pion, 2015; Pion et al., 2017). Hence, the outcomes of this investigation present significant evidence on the appropriateness of the anthropometric and motor performance exams in identifying young athletes from diverse inter-connected sports categories. Furthermore, there is evidence supporting the effectiveness of using both linear DA and non-linear MLP neural networks as a viable approach to solving the challenge of talent selection and transfer in elite sports. This is particularly relevant when considering the existence of various talent patterns among promising young athletes that may result in equal performance outcomes during later career development stages.
Track and field, in general, and particularly the four throwing disciplines, are commonly regarded as sports that require late specialization (Preckel et al., 2020). The acquisition of technical skills and explosive power that are necessary for these disciplines cannot be attained before the age group of 14–15 years. This is primarily attributed to the significant correlation between biological maturation, chronological age, and the enhancement of physical attributes (Bezuglov et al., 2022), alongside the prolonged instruction required for superior throwing techniques (Kirkeberg et al., 2022). Despite declining age influence in explosive power sports with age, age-related effects persist in senior levels. Hence, an efficient selection or transfer of talent in track and field throwing events is unfeasible prior to this age due to the significant variations in growth spurts, physical traits, and training experiences during puberty that confer greater speed, strength, and size to adolescent athletes (Zhao and Zhao, 2023). The distinctive nature of the throwing motion results in marked differences in fitness characteristics when compared to other sports (Nikolaidis & Son’kin, 2023; Thorland et al., 1981). Therefore, studies of sports-specific characteristics are essential. For example, studies have shown a high correlation between throwing performance and strength in the arms and legs (Bouhlel et al., 2007), as well as explosiveness (Zaras et al., 2021). Thorland et al. (1981) examined junior Olympic athletes and revealed their distinctive anthropometric features. Regarding physical fitness performance in boys of different ages, significant differences were observed in the hexagon agility test, standing long jump, standing triple jump, and MBFT. These results are consistent with previous findings indicating enhanced agility (Fernandez-Fernandez et al., 2023), muscle strength, and power with maturation (Hammami et al., 2016). Furthermore, Zhao and Zhao (2023) presented empirical evidence that male throwing athletes aged 14–18 exhibit a heightened growth rate in agility and lower limb power. Therefore, to further comprehend the precise contribution of adolescent variances in performance and its corresponding morphological and physical attributes, a more in-depth understanding of specific throw-related knowledge on anthropometric and physical performance preconditions is essential. It allows coaches and applied scientists to objectively assess the clear progression of key indicators during the various developmental stages. This, in turn, enables them to design personalised talent selection and transfer initiatives that reflect these changes. It is also crucial to consider the athletes’ developmental opportunities, especially in the four throw disciplines studied in this research. It is essential for adolescent throwing athletes to concentrate on strength, speed, and agility. Coaches must consider the interdependent athletic abilities when selecting and transferring athletes between related disciplines as it could have a transfer effect on subsequent specialisation. Additionally, it should be noted that core fitness attributes discriminate adolescent throwers from peak performance adult athletes due to differences in competition rules for youth throwing athletes. Therefore, for this study, we have selected early and middle adolescence athletes and limited the age range to youth athletes aged between 14 and 17 years.
Our research has some limitations; firstly, due to the high level of specialization of Chinese elite sport school athletes in the technically demanding throwing discipline of hammer throw, we only had a relatively small sample size of 29 athletes, with just eleven cases that had complete data sets. All candidates are subject to rigorous sport-specific selection and training from an early age, suggesting that there were fewer highly specialized hammer throw athletes in the 14–18 year-old male age group studied. Furthermore, the inability of hammer throwers to participate in decathlon events may restrict participation in this discipline.
Secondly, we studied early and middle adolescent throwers aged 14–18 years, so that besides the calendar age the of athletes also the individual status of maturity should be assessed (Meylan et al., 2010; Fernandez-Fernandez et al., 2023). As we did not measure the impact of early and late maturation on the sample of the adolescent throwers this may limit the depth of this study. Thus, further research is needed to clarify the impact of the relative age effect and the biological age for the optimal selection and transfer as well as the athletic development of adolescents throwing athletes.
Another limitation is the exclusive focus on male youth athletes. Additionally, the study focused on solely male athletes due to the complexity of the research and the varying impact of gender-specific athletic composition on sport-specific performance for male and female youth athletes in the four throwing disciplines examined. It is important to note the underrepresentation of female young athletes in Chinese elite sports schools. The limited number of participants in hammer throw and the exclusive focus on male athletes necessitate further investigation into the elite youth sports recruitment processes. Additionally, administering a wider range of motor skills tests, incorporating assessments of coordination and technical proficiency, would have enhanced the evaluation of young athletes.
CONCLUSION
The study’s results demonstrate that differences in various multidisciplinary generic anthropometric and (semi-)specific motor performance tests among male athletes aged 14–18 from over 30 Chinese elite sport institutions enable the distinction of more than two-thirds of athletes based on their sport background. This remains true, even when the athletes are utilized as hold-out cases for cross-validation in both linear and non-linear classification methods (DA and MLP). Overall, the talent classification accuracy achieved in Chinese elite youth athletes is consistent with that reported in European studies.
Although our study focused on talent identification and transfer, we found that the performance prerequisites identified for the four track and field throw disciplines can also inform the planning of athletes’ long-term education (Wormhoudt et al., 2018) and the monitoring of seasonal training in young athletes (Young et al., 2015; Bazyler et al., 2017; Sakamoto et al., 2018).
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N SD SE Min
Age 348 1593 101 005 1383 17.75
Shot put standing (m) 155 1344 269 022 618 1826
Hammer throw spinning (m) 35 37.42 1541 260 1000 60.00
Discus throw standing (m) 116 40.67 731 068 1600 56.00
Javelin throw standing (m) 148 36.70 717 Loso 1500 50.00
Body height (cm) 306 18163 653 037 16600 200,00
Body weight (kg) 306 88.31 1842 105 5200 14500
BMI 348 26.65 520 028 1000 4320
Standing long jump (m) 348 255 027 001 140 322
‘Triple jump (m) 340 7.67 118 006 490 1234
7 Pull-ups (n) 348 8.90 744 040 0.00 43.00
Plank (5) 348 15928 73.97 397 39.00 660.00
Sit and reach (cm) 348 17.14 7.04 038 VOAGU 47.00
30-m sprint (5) 347 439 042 002 369 600
60-m sprint (s) 339 813 077 004 660 1139
Medicine ball throw forward (m) 348 13.08 238 013 500 2055
Medicine ball throw backward (m) 340 15.05 325 018 500 21.80
Hexagonal agility run (3 reps; s) 348 1592 817 044 9.00 89.00
Balance pad one-leg stance (s) 314 50.93 2269 128 1000 186.00
2-km run (min) 348 9.93 156 008 625 1634
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Throwing groups  Predicted throwing discipline

Shot put (n; percent) Hammer throw (n; percent) Discus throw (n; percent) Javelin throw (n; percent)

Shot put (n = 99) 70 (70.79%) 1(1.0%) 18 (18.29%) 10 (10.1%)
Hammer throw (n=7) | 4 (36.4%) 4(36.4%) 0 3(27.3%)
Discus throw (n = 53) | 26 (41.9%) 1(16%) 28 (45.2%) 7 (1.3%)

Javelin throw (n = 100) | 6 (5.6%) 2(1.9%) 11 (10.2%) 89 (82.4%)
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Correlations

Standing shot put

performance (n = 155)

Spin hammer throw
performance (n = 35)

Standing discus throw
performance (n = 116)

Standing javelin throw
performance (n = 148)

Body height (cm) 0.08 -0.03 028 0.08

Body weight (kg) 030" 010 033" 0.00

BMI 015 019 0.08 016
Standing long jump (m) 036" 007 029" 045"
Triple jump (m) 024 005 0.06 040"
Pull-ups (n) 0.40" 033 027 029"
Plank (5) 0.06 024 -0.08 0.14

Sit and reach (cm) 036" 023 036" 032"
30-m sprint (s) -0.30" -0.22 -025" -0.40"
60-m sprint (s) -0.46" -0.09 043" 047"
Medicine ball throw 071° 006 065" 040"
forward (m)

Medicine ball throw 0.74" 018 063" 048"
backward (m)

Hexagonal agility run -0.16° -0.35°¢ -0.24° -0.13
(3 reps; s)

Balance pad one-leg 037 -0.37¢ 015 017

stance (s)

2-km ergometer -0.04 -020 -0.07 -005

run (min)

'p < 0.01
"p < 0.001.
< 0.05.
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95% Confidence

Intervall
LE uL
Age (years) Shot put 101 1590 100 011 1570 16.10 1383 1775
Hammer throw 16 1641 078 019 16.00 1683 1483 1775
Discus throw 63 1605 096 012 1581 1629 1433 1775
Javelin throw 109 15.84 109 Lo 15.63 1605 1392 1775
7 Body height (cm) Shot put 2 181.29 650 068 179.95 182.64 170.00 20000
Hammer throw | 9 181.89 640 L 176.98 186.80 175.00 190.00
Discus throw 54 18470 743 101 182.68 186.73 170.00 198.00
Javelin throw 101 179.97 541 054 178.90 181.04 166.00 196.00
Body weight (kg) Shot put [ n 95.86 17.65 s 9221 99.52 61.00 14500
Hammer throw 9 478 1797 s 90.96 sz 83.00 12500
Discus throw s 9339 1472 200 89.3704 97.41 52.00 12500
Javelin throw 101 7456 1054 105 72.48 76.64 52,00 105.00
BMI Shot put 101 2856 477 047 27.62 29.50 10.00 4320
Hammer throw 16 28.93 4026 101 2679 3108 2200 3470
Discus throw 63 2688 368 | 046 25.95 27.81 17.90 38.00
Javelin throw 1 2337 475 " oa 247 2427 1200 4200
Standing long jump (cm) Shot put 101 253.04 2673 266 247.76 258.32 179.00 32200
Hammer throw 16 252.13 29.00 7.25 236.67 267.58 197.00 290.00
Discus throw 63 267.03 24.89 314 260.76 273.30 200.00 312,00
Javelin throw 109 259.48 1897 [ 255.88 263.08 20000 30000
Triple jump (m) Shot put Lo 7.68 L 011 7.46 7.90 520 1174
Hammer throw 1 692 043 013 e 721 645 751
Discus throw 62 851 150 019 813 889 590 1234
Javelin throw 109 7.77 n 007 7.63 ) 600 1152
Pull-ups (n) Shot put Lo 607 452 045 518 696 00 15.00
Hammer throw | 16 550 395 Loss a0 760 00 14.00
Discus throw 63 9.00 438 Coss 7.90 1010 00 16.00
Javelin throw 109 1294 89 086 1124 14.64 00 43.00
Plank (s) Shot put 101 130.32 4996 a7 120.45 140.80 39.00 240.00
Hammer throw | 16 23506 vl wm s 32627 70.00 660.00
Discus throw e 168.10 7297 Lo Cuom 186.47 6000 480.00
Javelin throw 109 172.80 5579 534 162.21 18339 6000 31000
it and Reach (cm) Shot put 101 16.12 667 066 14.80 17.44 200 29.00
Hammer throw 16 2025 391 L oss 18.17 233 14.00 26.00
Discus throw 63 1917 L4 062 17.93 242 5.00 3400
Javelin throw 109 17.69 554 053 16.64 18.74 1.00 3000
30 m sprint (s) Shot put 100 451 040 004 444 459 370 600
Hammer throw | 16 459 031 o0 s L 410 525
Discus throw 63 426 032 004 418 435 371 503
Javelin throw 109 425 038 004 418 432 370 547
60 m sprint (s) Shot put 10 842 081 008 825 |88 670 1139
Hammer throw | 11 861 048 om 829 s 7.97 965
Discus throw 62 7.86 062 oo 7.70 son 660 930
Javelin throw 108 7.82 050 005 7.73 7.92 7.00 976
Medicine ball throw forward (m) Shot put 101 1260 223 022 12.16 13.04 7.25 1850
Hammer throw | 16 1362 s Lon 1272 1452 10.80 1600
Discus throw 63 1389 211 Lo 1336 14.42 9.76 2055
Javelin throw 109 1361 223 om 1318 14.03 5.00 18.00
Medicine ball throw backward (m) Shot put 101 15.80 336 033 15.14 16.47 8.16 21.80
Hammer throw | 11 1417 268 om 1236 1597 1164 19.00
Discus throw e 1687 242 Loan 1625 17.48 1152 21.00
Javelin throw 109 1442 291 Loas 13.86 1497 5.00 2040
7 Hexagonal agility test (3 reps; s) Shot put Lo 1439 177 Lo 14.04 14.74 11.00 2000
Hammer throw 16 13.09 127 Lox 1241 1377 1170 1660
Discus throw 63 13.08 140 Lo 1272 13.43 9.70 17.00
Javelin throw 109 1458 268 026 14.08 15.09 10.00 2430
Balance Pad stance (s) Shot put o1 4161 17.60 183 37.96 4525 10.00 94.00
Hammer throw | 14 4250 1969 526 3113 | 19.00 6000
Discus throw a 53.08 1826 232 48.44 57.72 1200 107.00
Javelin throw 109 57.65 2346 225 53.20 62.10 20.00 120.00
2 km Ergometer run (min) Shot put 101 1042 144 014 10.13 1070 801 13.05
Hammer throw 16 1055 143 o3 o 1131 801 1245
Discus throw 63 990 116 s 961 1019 801 1200
Javelin throw s 920 Loso oo oo Loxr 7.09 1225










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
,frontiers ‘ Frontiers in Physiology





