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Participation but not success in youth and junior World Championships is important for overall ranking in the biathlon World Cup during adult age
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Purpose: The aim of this study was to investigate if competition rank in the youth (16–19 years) and junior (20–22 years) World Championships (WCH) and age of the athlete when reaching certain World Cup (WC) performance milestones (debut and top 40, 15, 6 and 3) were related to future World Cup total (WCT) performance.



Methods: All data was obtained from the International Biathlon Unions database. The biathletes ranked top 30 in the WCT (82 men, 98 women) during 10 consecutive competition seasons were selected for further analysis. Biathletes were divided into performance groups due to their best WCT ranking (WCT6, rank 1–6; WCT15, rank 7–15; WCT30, rank 16–30). The relation between youth and junior WCH ranking and age when reaching the WC performance milestones with WCT performance was investigated.



Results: 63.3% and 86.1% of the biathletes in the WCT top 30 competed in the youth and/or junior WCH, respectively, but the correlation between junior and senior ranking was low. WCT6 reached most of the WC performance milestones at a younger age compared to WCT15 and WCT30 (p > 0.05) and reaching WC top15 at a younger age increased the chance of reaching WCT6 in the future.



Conclusion: It seems beneficial to compete internationally (i.e., participation in youth/junior WCH) and reach certain WC performance milestones at a young age to achieve a high ranking in the WCT during adult age. This highlights that biathletes need to have a certain performance level during junior years, although ranking in youth/junior WCH is not a prediction for senior WCT success.



KEYWORDS
adolescence, cross-country skiing, early specialization, elite athletes, predicting success





Introduction

Biathlon combines two completely different tasks: endurance-based cross-country (XC) skiing and the fine motor control of rifle marksmanship. During a biathlon competition, the athlete skis 6–20 km (depending on competition format and sex) in the skating technique while carrying the rifle on their back (minimum weight 3.5 kg). The skiing is separated by 2 or 4 shooting bouts consisting of 5 shots each and alternates between the prone and standing shooting position. For each missed target, the biathlete has to ski a penalty loop of 75 or 150 m depending on the competition format) or receive a time penalty of usually 1 min. The overall performance in biathlon depends on three factors: skiing speed, shooting speed, and shooting accuracy (1).

The highest competition league in biathlon is the World Cup (WC), and a high ranking in the World Cup total (WCT) is an important goal for many biathletes, together with the World Championships (WCH) and the Olympic Games. The second highest league is the International Biathlon Union Cup (IBUC), and the biathletes qualify with their results from the IBUC for the limited WC quotas (2–6 depending on country and sex) (2). An athlete ranked 20–25 in the IBUC is usually placed around 60–70 in the WC and there is a significant correlation between the ranking in the two different competition leagues (r = 0.68–0.75) (3). In biathlon, athletes at the age of 22 years and younger are divided into two competition classes, youth (16–19 years) and junior (20–22 years), when competing at an international level (2). The WCH for youth and juniors is arranged yearly, consisting of both individual competitions and relays. The biathletes start to compete in the senior class at the age of 23 years, but it is possible to compete in the IBUC and WC also as juniors if the athlete reaches the qualification criteria for the different types of competitions (2).

Only two case studies have been published regarding performance and training development in World-class biathletes over a longer period of time (male biathlete 21–31 years of age; female biathlete 17–33 years of age) (4, 5). The female biathlete started with biathlon early (age 10) and competed in the WCH two times as a junior, winning one medal. She made her WC debut at the age of 21 years and had her peak performance between the ages of 31–33 years (5). The male biathlete competed two times in the youth and junior WCH (one time in each class), made his WC debut at 19 years old, and had his peak performance during the ages 24–30 years old (4, 6). These two studies indicate that ranking at the youth and junior WHC may not be important for future success in biathlon and that the age of the biathletes at peak performance may be relatively high.

Early specialization is a well-debated area, and the link between junior and senior performance is still unclear and may differ between different types of sports. Barth et al. (7) demonstrated in a meta-analysis including different types of sports (e.g., basketball, soccer, athletics, rowing, swimming) that junior (up to 17–19 years of age, depending on sport) performance only explained 2.2% of the reliable variance in senior performance and that the correlation between junior and senior performance was even lower for the younger junior age categories. On the contrary, Li et al. (8) showed that more than 60% of the junior medalists (up to 18 years of age) in international competitions and 90% of the early achievers (competing in senior competitions as a junior) in combat sports also won international medals at senior age.

The link between junior and senior performance has been investigated in several different sports, but with the greatest emphasis on team sports (7, 9). However, no previous study has investigated the relationship between junior and senior performance in biathlon. The primary aim of this study was therefore, to investigate if competition rank in the youth and junior WCH was related to senior biathlon performance in the WCT. A second aim was to investigate if the age of the athlete when reaching certain performance milestones in IBUC (debut) and WC (debut, top 40, 15, 6 and 3) was related to WCT performance later in the biathlon career.



Methods

All data were obtained from the datacenter of the International Biathlon Union (IBU) https://www.biathlonresults.com/#/start which is an openly available public domain. Permission to use the data for scientific purposes was granted by the IBU. The biathletes placed 1–30 in the WCT during 10 consecutive seasons from 2013/2014 to 2022/2023 were selected for further analysis. Many biathletes reached a ranking in the top 30 during several competition seasons, giving a total of 180 biathletes (82 men and 98 women) ranked top 30 in the WCT during these 10 competition seasons. Date of birth and the age of the athlete when starting with biathlon (self-reported by the athlete), results from youth and junior WCH, and results from IBUC and WC competitions were obtained from the IBU data center. The biathletes were divided into three performance groups based on their best ranking in the WCT during the selected competition seasons: rank 1–6 (WCT6), rank 7–15 (WCT15), and rank 16–30 (WCT30). Based on the biathlete's best individual ranking in each WCH competition class (youth and junior) they were assigned to a junior performance group: participation (best ranking lower than 15), top 15, top 6, and top 3. For individual IBUC and WC competitions, the age of the biathlete was calculated for when a certain milestone was reached for the first time; IBUC and WC debut, and the following WC results: first time placed top 40 (first WC points), top 15, top 6 (first flower ceremony) and top 3 (first podium).


Data and statistical analysis

All statistical analyses were processed using IBM SPSS Statistics (version 29.0, IBM Corporation, NY, USA). All variables were tested for normality using Shapiro-Wilks test, showing a normal distribution for all variables. To investigate if ranking at the youth and junior WCH or the age of the athletes at the defined milestones differed among the performance groups (WCT6, WCT15 and WCT30), a one-way between subjects ANOVA was used. In the case of a significant result of the ANOVA, a Bonferroni post-hoc test was used to identify specific differences between groups. Effect sizes were calculated using partial Eta square (ηp2) with the criteria 0.01 = small effect, 0.06 = moderate effect, and 0.138 = large effect (10). In addition, a multi-nominal regression analysis was used to investigate the association between ranking at youth and junior WCH and athletes' age for IBUC and WC milestones to the group rank of WCT performance (WCT6, WCT15, and WCT30). The analysis was performed using separate models for youth/junior WCH performance and IBUC/WC milestones. The reference group, i.e., the base group that the other groups were compared to, was set to WCT6 for all analyses. Pearson’s correlation coefficients (r) was used to investigate the relationship between the best ranking in the youth and junior WCH with the best ranking in the WCT, with the strength of the correlations interpreted as small (r = 0.10–0.29), medium (r = 0.30–0.49) and large (r = 0.50–1.00) (10). The ANOVA and regression analysis were performed with men and women separated and as a whole group. Ranking from youth and junior WCH and age at IBUC and WC milestones were compared between sexes using an independent samples t-test. Data are presented as mean ± standard deviation (SD) or odds ratio (OR) with confidence intervals (95%, CI). The level of significance was set at α ≤ 0.05.




Results


Performance groups

49 biathletes (24 men and 25 women) were ranked 1–6 (group WCT6) in the WCT at least one time during the seasons 2013/2014 until 2022/2023, while 48 (25 men and 23 women) and 83 (33 men and 50 women) athletes had the highest ranking of 7–15 (group WCT15) and 16–30 (group WCT30), respectively. The 180 biathletes represented 23 different nations, with the largest number of athletes from Germany (24 athletes), Russia (23 athletes), Norway (22 athletes) and France (20 athletes).



Youth and junior World Championships

114 (63.3%) and 155 (86.1%) of the biathletes ranked top 30 in the WCT competed in the youth and junior WCH, respectively, with no differences between the WCT performance groups (Figure 1). This means that 66 (36.7%) and 25 (13.9%) biathletes ranked top 30 in the WCT did not compete in the youth and junior WCH. 44 of the athletes (24.4%) won at least one medal at the youth WCH, winning a total of 84 medals. In the junior WCH, 68 of the athletes in this study (37.8%) won at least one medal, winning a total of 145 medals. The performance group for the WCT was not associated with the best individual ranking in youth or junior WCH (Table 1). The relationship between the best ranking in youth and junior WCH with the highest ranking in WCT was r = 0.18 (p = 0.049) and r = 0.28 (p < 0.001), respectively (Figure 2). Men achieved a better top ranking in the junior WCH compared to the women (5.6 vs. 7.9, p = 0.042), while there was no difference between sexes in youth WCH (p = 0.712).
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FIGURE 1
Amount of the total number of biathletes (82 men and 98 women) in the three different performance groups [World Cup total top 6 (WCT6), ranking 7–15 (WCT15) and ranking 16–30 (WCT30)] that participated in the youth (A—men, B—women) and junior (C—men, D—women) World Championships (WCH) and their best individual performance (reaching top 15, 6 and 3) during the two WCH types. * = significantly different to WCT6, p < 0.05.



TABLE 1 Multinominal logistic regression for the athletes age when starting with biathlon (BIA) and the best individual rank in the youth (YWCH) and junior World Championships (JWCH) in relation to performance group [according to best ranking in the World Cup total (WCT6, WCT15 and WCT30)]. Data are reported as odds ratio (OR) with a 95% confidence interval (95% CI) and p-values.
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FIGURE 2
The relationship between the best ranking in youth (A) and junior (B) World Championships (YWCH and JWCH) with the highest ranking in the World Cup total (WCT). Grey markers symbolize women, while black circles symbolize men.




IBUC and WC milestones

For the group in total, WCT6 made their debut in the IBUC at a younger age compared to WCT30 (Table 2). However, there was no difference between WCT performance groups in age at the IBUC debut when analyzing the sexes separately (Figure 3). For the group in total, WCT6 reached most of the WC milestones at a lower age compared to WCT15 and WCT30 (Table 2). The same pattern was shown when analyzing the sexes separately, with WCT6 reaching top 15, 6, and 3 at a younger age for both men and women, compared to WCT15 and WCT30 (Figure 3). For both men and women, reaching WCT6 was associated with the athlete's age when reaching top 15 for the first time in WC, compared to WCT15 and WCT30 (Table 3). No other significant association between performance milestones and the WCT performance group was found (Table 3). No difference between sexes was found for age at any of the IBUC or WC milestone achievements (p = 0.213–0.800).


TABLE 2 The mean age ± standard deviation of the biathletes when reaching different competition milestones for the first time. The biathletes are divided into performance groups according to their best rank in the World Cup Total (WCT); WCT6, WCT15 and WCT15.
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FIGURE 3
The mean age ± standard deviation of the athletes (A—men, B—women) when reaching the different competition milestones for the first time divided into the different performance groups according to best world Cup total (WCT) ranking, WCT6 (black solid line), WCT15 (black dotted line) and WCT30 (grey solid line). IBUC, International Biathlon Union Cup; WC, World Cup, * = significant difference between WCT6 and WCT15, p < 0.05, # = significant difference between WCT6 and WCT30, p < 0.05.



TABLE 3 Multinominal logistic regression for the athletes age when reaching the different competition milestones for the first time in relation to performance group [according to best ranking in the World Cup total (WCT6, WCT15 and WCT30)]. Data are reported as odds ratio (OR) with a 95% confidence interval (95% CI) and p-values.
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Discussion

The aim of this study was to investigate if competition rank in the youth and junior WCH and the age of the athlete when reaching certain IBUC and WC performance milestones were related to WCT performance later in the biathlon career. The main results of the study were as follows: (1) out of the 180 biathletes analyzed in this study, 63% competed in the youth WHC while 86% of the biathletes competed in the junior WCH, (2) the ranking in youth and junior WCH was not different between the WCT performance groups; (3) the best performance group, WCT6, reached a majority of the WC performance milestones (top 40, 15, 6, and 3) at a younger age compared to WCT15 and WCT30; and (4) a younger age when reaching the top15 in WC for the first time was associated with an increased chance to reach the best performance group (WCT6) in the future.

In this study, the results showed that youth and junior WCH ranking was not a predictor for future performance in the WCT and that the correlation between the best ranking in the youth and junior WCH and WCT ranking was significant but low (r = 0.18 and 0.28, respectively). This is in line with a previous meta-analysis, demonstrating that junior performance explained only 2.2% of the reliable variance in senior performance and that the correlation between junior and senior performance was lower with younger junior athletes (7). Previous research has shown that in many sports, successful juniors and successful seniors are, to the largest part, two disparate populations (11). Only 17%–34% of the best-performing juniors (or pre-juniors aged 14–16 years) demonstrated a successful transition (i.e., reached the same level as seniors) in swimming (12–16), soccer, volleyball and judo (17). Nevertheless, previous research in swimming has also shown that out of the few athletes that had a successful transition, the swimmers that were performing well as juniors had a slightly better chance of becoming successful senior athletes (13, 16).

Most of the athletes ranked top 30 in the WCT hade been competing in the youth and/or junior WCH previously. Previous research in swimming has shown that athletes who had previously participated in the junior WCH showed significantly better performance times in swimming as seniors compared to athletes who did not qualify for the junior WCH (18), which is in line with the result of the previous study. Born et al. (19) have discussed in their article (also from a swimming context), that since there is a limitation in the annual progression in performance, the athlete needs to have a certain performance level as a junior, to have the chance to reach the highest level as a senior. This is also supported by the present study where the biathletes probably need to reach a certain performance level at junior age (i.e., qualifying for the youth/junior WCH) to increase the chance of reaching a high ranking in the WCT as seniors, but that the ranking in the youth/junior WCH itself is not a predictor for future success.

The athletes in the present study started with biathlon at an average age of 13–15 years (depending on performance group), but no available data showed when the athletes specialized in biathlon. Previous research has shown that successful junior athletes started playing their main sport at an earlier age, engaged more in main-sport practice and less in other-sport practice, and demonstrated faster initial progress compared to their lower-performing peers (9, 20, 21). The opposite pattern has been shown in successful seniors, where athletes normally had more childhood/adolescent multi-sport involvement, a later main-sport start, less main-sport practice and slower initial progress (9, 21–23). This has also been the case for one of the most successful female biathlete, who had an active childhood with a variety of sport activities and a late main-sport specialization (18 years old) (5). In swimming, previous research has shown that successful senior athletes demonstrated continuous improvement in their performance at older ages, compared to their less successful counterparts (24). This seems to be the case also in biathlon, since the successful biathletes in this study reached the different performance milestones gradually, with the mean age being ∼24–26 years when reaching the podium for the first time, depending on the WCT performance group.

The result of this study demonstrates that the age of the athletes when reaching certain WC performance milestones seems to be of importance for future performance in the WCT. The results demonstrated a difference in age between WCT6 and WCT15/WCT30 for IBUC debut and all included WC milestones, with younger ages for the best performance group. These results demonstrate that even if the junior WCH results showed a low correlation with future WCT performance, the early twenties seem to be an important age to get the first chance to compete in the WC. One explanation could be that an athlete may need to develop an understanding of the (competition) level for the WC. This facilitates a drive to train and to develop physiologically and mentally for future success. This is partly supported by the Goal setting theory by Locke and Latham (25, 26). Important parts of the Goal setting theory are, e.g., that the goals are specific, challenging, and to use short-term goals in addition to the long-term goals. According to Locke and Latham (25) it is also important to provide timely feedback showing performance or progress toward the goal. This has also been shown to be an effective strategy in achieving the desired goal in previous intervention studies [see review by Jeong et al. (27)]. One way to do this is by using a feedback chart, which plots performance over time to reveal three things: (1) how well the person is performing now, (2) how far away the goal is, and (3) whether the person is making progress towards the goal (25). If a biathlete is getting the chance to compete in the WC at a young age, these three points may be easier to state which might be helpful in developing strategies for future performance by creating an understanding of their own capacity in relation to the desired goal. The age at peak performance seems to be relatively high in distance XC skiing (∼26 years) (28), while two of the best biathletes of all time had their peak performance at ages 24–30 years (4) and 30–33 years (5), respectively. However, to reach success in the late twenties/early thirties, the training and physiological development in the late adolescent and early twenties may be of great importance.

The skiing speed is an important part of biathlon performance, explaining ∼60% of the variation in sprint performance between biathletes who placed top 10 and 20–30 in World Cup competitions (29). The importance of shooting accuracy increases in other competition formats (individual pursuit and mass-start), explaining ∼50% of the variation in overall performance (30–32). Earlier studies on XC skiing have shown that both the aerobic capacity and the laboratory-based skiing performance increase from late adolescence (junior) to mid/late 20s (senior) (33–36). Rusko (33) also demonstrated that XC skiers at an international senior level were able to increase their maximal oxygen uptake at higher ages compared to their less successful counterparts. Similar patterns have been shown in other sports, where successful senior athletes specialize in the main sport later and continuously improve their performance also at older ages (9, 21, 22, 24, 37). Successful senior athletes have also been shown to be able to increase their training volume more during late adolescence compared to their near-elite counterparts (23). Research in biathlon and XC skiing has shown that athletes progressively increase their annual endurance training volume with 20–50 h·year−1 during late adolescent/early twenties (5, 38, 39). Some studies have also demonstrated further increases in training volume of 20–40 h·year−1 up to ages of 27–35 years (4, 5, 36, 40). An increase in training volume during late adolescence seems to be crucial for future success, and Kårström et al. (41) showed that biathletes who reached the national team in Sweden, had a higher training volume during the last year of upper secondary school (age 19–20 years) compared to their less successful counterparts, with no difference in training volume during the earlier school years. A previous meta-analysis by Güllich and Barth (20) has also demonstrated that greater-performing seniors began talent promotion programs at an older age compared to high-performing juniors. Taken together, since the early 20s seem to be an important age for future biathlon success, involvement in elite support programs in biathlon may be of greatest importance in the ages ∼20 years. Some nations (like the United States of America) have a much more systematic long-term athlete development model, compared to other European countries, with a collegiate sport system to help the athletes (normally aged 18–24 years) combine high-level sport and education which has been discussed by Yustres Amores et al. (42). Such a system could be beneficial to implement in biathlon since this is a crucial time for performance progression and the age when many biathletes are done with upper secondary school, or equivalent, and need to take a higher responsibility for their own sports career.


Practical applications

This study shows that the relation between junior and senior performance is low, but that the age of the athlete when reaching certain WC performance milestones seems to be of importance. The milestones have been reached in the early twenties for the most successful biathletes in WCT, which indicates that the development in training and performance during late adolescence seems to be of higher importance than the actual ranking in the youth and junior WCH itself. From a coach's (or coaching) perspective, it may be of great importance to progressively help the athletes to further develop the training volume and quality during adolescence and to make sure that they have the support they need also after they finish upper secondary school in the age of 19–20 years. From the perspective of a biathlon federation, it is important to support the biathletes in the early twenties (after upper secondary school) and to give opportunities for further biathlon development. Due to the results of this study, it may be wise not to choose athletes for a team or training group only based on the ranking in the youth or junior WCH, but to also take the potential training- and physiological development into consideration to create future biathlon success.



Limitations

This study is built on a large dataset with results from the top 30 biathletes in the WCT during the last 10 years. However, there are some limitations that are worth taking into consideration. First, the results of the junior WCH might be slightly harder to interpret since some of the best biathletes are competing in the senior WCH/WC during the last years of the junior age, instead of the junior competitions. Secondly, the junior age in biathlon is relatively high (20–22 years) compared to the reference literature where the transition from junior to senior is normally at the ages of 18–20 years old. This makes the comparison between different sports harder. Thirdly, in this study, the results from WCT are used as a senior performance indicator, instead of results from the WCH or Olympic Games. The WCT ranking was used since the overall performance during the whole competition season is highly ranked in biathlon by athletes and coaches. However, the results might have turned out differently if single results from championships were used instead.




Conclusion

A high proportion of the biathletes ranked in the top 30 in the WCT competed in the youth and/or junior WCH, but the correlation between junior and senior WCT performance was low. Taken together, participation in youth and junior WCH seems to be of higher importance than the result itself for future biathlon success. However, the biathletes ranked top 6 in the WCT reached multiple WC performance milestones (top 40, 15, 6, and 3) at a lower age compared to the lower WCT performance groups. Moreover, a younger age when reaching the top 15 in WC for the first time was associated with a higher chance of reaching the best WCT performance group in the future.
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