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Abstract

:

Simple Summary


Due to the complexity of the triathlon, it is difficult to analyse overall performance. To date, the analysis of performance in triathlon has been widely studied through time or position in the three segments and in the overall result, which is what defines the medals and the goal of the competition, but it can have some limitations. As an alternative, the purpose of this study is to analyse the concordance between each of the triathlon segments (swimming, cycling, and running) and the overall performance in the Olympic triathlon in elite triathletes. The main results of the present study show that performance in the cycling segment presents the best concordance with overall performance. In conclusion, the cycling performance indicator could be an alternative to anticipate the overall performance in the competition. For this reason, the cycling segment would not be a smooth transition toward running in the Olympic distance event.




Abstract


To date, the performance in triathlon has been measured through time or position. Although this is what defines the medals and the goal of the competition, it can have some limitations. As an alternative, the purpose of this study is to assess the degree of concordance of performance between each of the triathlon disciplines with overall performance through the triathlon performance indicator for the Olympic distance event. The official results from the World Triathlon Series for Olympic distance events from 2000 to 2019 were examined. A total of 11,263 entries were analysed, 6273 corresponding to elite men and 4990 to elite women. Moderate agreement was found between the running performance and overall performance in both elite men ICCa = 0.538 and elite women ICCa = 0.581. Moreover, moderate agreement was found between swimming performance and overall performance in both elite men ICCa = 0.640 and elite women ICCa = 0.613. Finally, good agreement was found between cycling performance and overall performance also in both elite men ICCa = 0.777 and elite women ICCa = 0.816. The main results of the present study show that the cycling performance indicator could be an alternative to anticipate the overall performance in the competition for the Olympic distance event.
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1. Introduction


The triathlon is a sport that has grown very rapidly over the past two decades, particularly in short events [1], increasing the attention of coaches and researchers in seeking to obtain medals in the Olympic Games and win economic awards in the World Triathlon Series (WTS). The opening sport at the Olympic Games in Sydney 2000 was the triathlon due to the gained popularity and official recognition of multi-sport activities [2]. The determination of triathlon performance factors has been widely studied for Olympic distance events [3]. However, due to the complexity of the triathlon, it is difficult to analyse overall performance [4,5], even more so in elite athletes, because the sports performance is particularly complex and multifactorial [6].



Theoretically, performance is a concept that refers to the relationship between the means used to achieve something and the overall result. Practically, any coach needs to have a useful tool to measure the performance of their athletes to use the most suitable tactics in competition. To be able to apply adequate measuring instruments, it is necessary to carry out a process of translation of theoretical concepts into empirical language—that is, to replace what cannot be observed with that which is accessible to observation and, therefore, to measurement instruments [7]. This process of transition from the theoretical to the empirical is known as the process of instrumentalisation, where the information provided by several indicators is synthesised into a complex index using a mathematical function. To define a complex index—and, in particular, a performance index—important conceptual, analytical, and empirical decisions must be made [8]. Therefore, the creation of these indexes generates a continuous and in-depth methodological debate, which has resulted in the development of many approaches in recent years [8,9]. The difference between all these indices lies, fundamentally, in the choice of dimensions or variables and in the way they are related, in such a way that, when it comes to measuring, answers can be given to the questions of what, how, when, and where [10].



To date, to analyse triathlon performance, the position of the segments and the influence on the overall result in the Olympic distance event has been studied [11]. However, performance is not always well represented by the triathlete’s position [12] because the position presents some limitations when measuring performance. The influence of each segment time on the overall result of the competition also has been the subject of study in numerous investigations. Piacentini et al. [13] concluded that the overall race time for the Olympic distance event varies between 106 and 100 min for elite males and between 119 and 121 min for elite female athletes. However, the comparison between triathlon competitions is difficult because, even considering a race performed on the same course, there may be many differences depending on the current, elevation profile, and climate, among other aspects [14]. Moreover, analysing together competitions over periods of 26 years, including competitions where drafting was allowed and competitions where drafting was forbidden [15], would be another challenge in interpreting the performance through time. Nonetheless, numerous studies have used time to analyse the influence of the segments in the Olympic distance triathlon, reaching similar conclusions, pointing out that running performance is the primary determinant of success in high-level Olympic distance triathlon races [1]. Figueiredo et al. [15] found the highest contribution to overall performance in the running segment, suggesting that this segment should be the focus in the preparation for the Olympic distance event. Moreover, the running segment had the strongest relationship with finishing time in the Olympic distance event [16]. In addition, in the running segment, it was found that there was the greatest variation in times for all-male world championship triathletes [17]. Some of these investigations also show that bike leg exercise seems to be a smooth transition toward running [13]. Concerning the time of the swimming section, it has been found to show the lowest correlations with overall finishing time [16]. Similarly, in Olympic distance events, as in Ironman distances, swimming’s contribution was lower compared to other disciplines for both sexes [15,18].



Another point to keep in mind is the difference between the sexes in the triathlon. It has been explained by differences in physiological and anthropometric characteristics [19], which also has been associated with performance variables in young triathletes [20]. Regarding time, future studies are required to clarify why the sex difference in running is greater compared to swimming and cycling [21]. However, it should be noted that the times of both sexes could never be compared to interpret the performance of elite men and elite women because men and women never compete together.



As an alternative to the analysis of performance through time or position, which shows several limitations, different solutions have emerged, such as the relative performance index in the triathlon [22]. This index has been used in triathletes with highly specific characteristics, i.e., they have been top 10 in at least five Ironman competitions. Therefore, to the best of our knowledge, it would be difficult to perform an external validation of this index. Methodologically, it is similar to the concept of effect size in that all triathletes start from a common state, which is the average time of all 24 triathletes, and the index measures the effect of their competition concerning the average of all. In other words, it measures by how many standard deviations of all triathletes the time of each triathlete differs from the average of all triathletes.



Hence, it would not be appropriate to study agreement using Pearson’s linear correlation coefficient, since, as its name indicates, it measures linear correlations. This means that it would not be an adequate measure of the degree of agreement between two measurements, since, if two instruments measure systematically different quantities, the correlation may be perfect (r = 1), even though the agreement is null. However, correlation coefficient analyses are mostly used to determine which segment of the triathlon is most associated with the overall performance in the competition, but these would not be the most appropriate since calculation depends on variability between subjects [23] and is sensitive to the range of values under study [24], i.e., larger ranges of measurement values will result in overestimated coefficients [25]. Thus, a high value of the correlation coefficient does not necessarily indicate a good degree of agreement between measurements, since this coefficient does not detect systematic or random differences between measures. Therefore, concordance studies would be the most appropriate to determine the degree of agreement between a measure and the standard measure, so that a measure can be used instead of the standard measure.



In this case, the purpose of the study was to assess the degree of concordance of performance between each of the triathlon disciplines (swimming, cycling, and running) with overall performance in Olympic distance events in elite triathletes. For this purpose, the authors have proposed, as a gold standard, a performance indicator for triathlon that has previously been used to study the contribution of segments to overall results in elite triathletes in sprint distance [5]. Moreover, this performance indicator has been used to analyse the differences in young triathletes regarding their performance within each competitive group [4].




2. Materials and Methods


2.1. Participants


All data were the official results from WTS events for elite men and elite women at Olympic distances from 2000 to 2019. A total of 11263 entries were analysed, 6273 corresponding to elite men and 4990 to elite women, excluding all competitions where there was no information about segments and transition times or the Olympic distance was altered due to technical or environmental issues.




2.2. Procedures


A concordance study was conducted, measuring the continuous variables through absolute agreement and consistency. The time of the swimming, cycling, and running segments, time in transitions, and the overall time of the competitions were collected as data for the calculation of the performance indicator for all segments, transitions, and the overall performance indicator. The research design was based on an observational model without interference with the natural context, including all segment times of the WTS races, recorded through a chip-based timing system to obtain a highly accurate value for individual performance [26]. Therefore, it would be possible to use the performance indicator in the triathlon as a dependent variable to analyse performance in elite male and elite female triathletes. This variable is expressed from 0 to 10,000, where 10,000 is the best segment time and thus the best performance:


   OPI =     Winner   time     Personal   time       ×   10,000   











A performance indicator is provided through this calculation for each segment and transition—swimming performance indicator (SPI), cycling performance indicator (CPI), and running performance indicator (RPI)—and for each swim-to-cycle transition (T1PI) and cycle, cycle-to-run transition (T2PI), and for the overall performance indicator (OPI). This performance indicator has previously been used to study the contribution of segments to overall results in elite triathletes in sprint distance events [5] and to analyse the differences in young triathletes regarding their performance within each competitive group [4].




2.3. Performance Indicator: Internal Validation


To study whether the performance indicators were distributed according to a normal distribution, the Kolmogorov–Smirnov normality test was applied. None of the performance indicators followed a normal distribution (p < 0.001 for all performance indicators), justifying nonparametric analyses.



To perform the internal validation of the overall performance indicator and the performance indicators of the three different segments, three subsamples were taken, selected at random—first 10% (Table 1), then 25% (Table 2), and finally, 75% (Table 3) of the total sample—and the analyses were replicated, obtaining identical results.




2.4. Statistical Analysis


Intraclass correlation coefficients of absolute agreement (ICCa) and consistency (ICCc) were calculated for single measures, with the corresponding 95% confidence interval (IC95%), to analyse the concordance of the performance of each segment with the overall performance of the competition. Specifically, the absolute agreement intraclass correlation coefficient (ICCa) was calculated, which considers any difference between performances as a discordance, while the consistency intraclass correlation coefficient (ICCc) does not consider the constant differences between performances. The ICCa and ICCc take values between 0 and 1, corresponding to the maximum possible agreement as a value of ICC = 1. To interpret the magnitude of concordance between measurement variables, the following criteria were adopted: <0.50 (poor), 0.51–0.75 (moderate), 0.76–0.90 (good), >0.90 (excellent) [27]. To interpret the Spearman range correlation coefficient, the same criteria were adopted.



The Bland–Altman method allowed the comparison between the swimming, cycling, and running performance indicators and the overall performance indicator of the competition. This graphical representation method, proposed by Bland and Altman, was used to assess the degree of agreement between the performance indicator of the swimming, cycling, and running segments and the overall performance indicator, using the mean values of the performance indicators against their differences. The systematic error that quantifies the extent to which the performance of each segment overestimates or underestimates the overall performance is represented by the average of the differences in the values [28]. Moreover, it reflects the precision with which the performance indicator of each segment estimates the overall performance, representing the degree to which the values are grouped around the average, quantified through the interval of ± 1.96 standard deviations of the differences between the two measurements systems. The software Statistical Package for The Social Sciences (v.24.0 SPSS Inc., Chicago, IL, USA) and a Microsoft Excel spreadsheet were used to analyse data. Significance was accepted at p < 0.05.





3. Results


Table 4 summarises the relationship between the performance indicators of the segments and the overall performance indicator of the competition for elite men and elite women. Regarding performance, moderate and good agreement was found between the performance in the segments and the overall performance in both sexes. Sorting the segments from lowest to highest agreement of the segment with overall performance, similar results were shown in both sexes. Moderate agreement was found between the running performance and overall performance in both elite men ICCa = 0.538, IC95% = (0.179–0.788) and elite women ICCa = 0.581, IC95% = (0.188–0.820). Similarly, moderate agreement was found between swimming performance and overall performance in both elite men ICCa = 0.640, IC95% = (0.622–0.658) and elite women ICCa = 0.613, IC95% = (0.588–0.637). Good agreement was found between cycling performance and overall performance also in both elite men ICCa = 0.777, IC95% = (0.700–0.828) and elite women ICCa = 0.816, IC95% = (0.633–0.890). Therefore, performance in the cycling segment has the best concordance with overall performance. In elite men, poor, moderate, and good correlations were found between swimming (ρ = 0.424, p < 0.001), cycling (ρ = 0.535, p < 0.001), and running position (ρ = 0.843, p < 0.001) and overall performance in the competition, respectively. Similarly, in elite women, poor, moderate, and good correlations were found between swimming (ρ = 0.425, p < 0.001), cycling (ρ = 0.709, p < 0.001), and running performance (ρ = 0.789, p < 0.001) and overall performance in the competition, respectively. The performance in the transitions showed little concordance and a poor correlation with overall performance in both elite men and elite women.



Figure 1 shows the distribution of the overall performance indicator concerning the performance indicator of the swimming, cycling, and running segments according to sex. The cycling segment, where performance is most similar to overall performance in terms of performance values, is distributed along the diagonal, indicating that the two are most similar. There is more dispersion in the swimming segment in comparison to the diagonal. In the running segment, it can be seen that the performance distribution is above the diagonal, indicating that low performance values in this segment correspond to high values of the total performance. In addition, this is true for both men and women. These results are the same for both sexes.



Figure 2 and Figure 3 show the agreement between the performances of the different segments and the transitions with the overall performance of the competition using the Bland–Altman plots. Figure 2 shows that the swimming performance overestimates the overall performance in men by 0.09 but underestimates the overall performance in women by 44.12. The performance score of 9500 is passed when the best agreement is seen in both sexes. In the case of the cycling performance, in both sexes, this performance underestimates the overall performance (77.76 in men and 110.62 in women), having also narrower concordance intervals than in the rest of the sections. After the performance value of 9500 is reached, the concordance increases. It is the running performance that agrees less with the overall performance since it underestimates it by 468.14 and 477.20 in men and women, respectively. In the two transitions, both in men and women, there is little agreement between the performance of the latter and the overall performance (Figure 3).




4. Discussion


This study shows that there is a high degree of agreement between the cycling segment performance and the overall performance. However, it is also worth explaining the results obtained in the other segments. Firstly, regarding the swimming segment, moderate agreement was found between swimming performance and overall performance both in elite men and elite women. Therefore, this discipline does not show the lowest agreement with overall performance in the triathlon race; rather, running performance shows this. The moderate agreement concerning the performance explains that the swimming segment is important to ensure successful overall performance in elite triathletes. However, the poor correlation of swimming position with overall position might explain that this segment is not a determinant of staying in the first position in the competition. From the point of view of triathletes and coaches, it could be explained that the position in which the athlete exits the water is less important than their proximity to the first triathlete. This is partially supported by previous investigations [13], which show that although the contribution of the swimming segment might be low, the strategic positioning within this segment may be critical to overall race performance [13]. Similarly, Landers et al. [11] showed that 90% of male winners and 70% of female winners exited in the first group of swimmers. This could explain why the agreement in elite men ICCa = 0.640 (0.622–0.658) is slightly higher than in elite women ICCa = 0.613 (0.588–0.637).



Secondly, the highest ICCa for overall performance is found in the cycling segment, both in elite men ICCa = 0.777 (0.700–0.828) and elite women ICCa = 0.816 (0.633–0.890). This means that good cycling performance would explain good overall performance. Therefore, the cycling performance indicator could be key to anticipating overall competition performance. For this reason, the cycling segment would not be a smooth transition toward running at Olympic distances, as Piacentini et al. [13] point out. As with the previous segment, the position in which the triathlete finishes the cycling segment is not as important as how close to first place the triathlete is when they finish and start running. However, to achieve a deeper analysis of the results, it is worth noting that the findings of the present study show that the position in the running segment is the most related to the overall position in both elite men (dρ = 0.843) and elite women (dρ = 0.789). In contrast, the performance in this segment is the least consistent with the overall performance in the competition in both elite men and elite women. This could be explained by the fact that the running segment is the last; therefore, the athlete’s proximity to first place is less important as their position in this segment will have a greater influence on their overall position in the competition. Therefore, by using the triathlon performance indicator used in this study, it is possible to differentiate between the performance and position of the segment and the overall position. These results are coherent considering that, in the Olympic distance event, drafting is allowed and the triathletes arrive in groups at the second transition; thus, the position for cycling is not a determinant of the overall position, but better performance in the cycling segment, where the triathlete joins the first group (and cuts time from the first group), is. Moreover, it is worth noting that the largest range in the IC95% is found in the running segment, both in elite men (0.179–0.788) and elite women (0.188–0.820). These results could be especially useful for coaches because a greater dispersion of the data could mean that there could be a greater range of improvement in this segment. This can also be explained by the wide range of the limits of the Bland–Altman charts in this segment (Figure 2). In the same way, to date, the results of the studies in which the time or the position have been used to interpret the contribution of performance in each segment to overall performance have supported these results. Horne [16] noted that the running segment had the strongest relationship with finishing time in standard racing in the age-group World Championship. Similarly, Vleck et al. [29] determined that running may be the strongest predictor of overall performance in Olympic distance events. According to the results of the present study, and considering that the triathlon is a complex sport, it is important to analyse each segment globally.



Thirdly, poor agreement and correlations are found between performance and position in both transitions and overall performance and overall position. This is supported by previous investigations in Olympic distance events, which found a low correlation between T1 and the overall result [30]. However, given the wide range of transition confidence intervals, this could be the part of the race with the most extensive range of improvement. The importance of achieving a good transition is more closely linked to tactical importance [31].




5. Conclusions


To conclude, it should be noted that there is concordance between the Olympic distance triathlon segments performance and overall performance in the competition. Specifically, the cycling performance indicator could be an alternative to anticipate the overall performance in the competition in the Olympic distance. Therefore, the cycling segment would not be a smooth transition toward running at Olympic distances.




6. Strengths, Limitations, and Future Lines of Research


The main practical application is that the triathlon performance indicator allows the coach to interpret the performance of the athlete concerning each segment and the overall result. Therefore, coaches can identify the strengths and weaknesses of their triathletes in each of the three segments using the triathlon performance indicator.



Moreover, several strengths are highlighted by this tool in comparison with other performance indicators listed above. From a practical point of view, the triathlon performance indicator proposed in this study does not require large investments of time or money (i.e., it could be provided in an Excel file template). Another important strength to note is that it would also be possible to differentiate the performance between two triathletes (i.e., 1st and 2nd) in triathlons of all distances, from super sprint to Ironman distance, and it is applicable for both males and females.



External validation of the performance indicator is another major strength of the study; these results support the external validation of the performance indicator at Olympic distances but also at sprint distances [5]. Specifically, in the present study, external validation is carried out because the sample is composed entirely of elite triathletes who have competed in world-ranking races from 2000 to 2019 (without considering the races excluded from the study), which means that these data can be extrapolated to elite triathletes.



The main limitations of this study are related to the use of the performance indicator. This variable is limited to winner time because it is determined by this individual. However, in elite competitions, as in this study, high performance is always expected from competition winners. In this way, using this indicator to analyse the triathlete’s performance in the competition would still be more suitable than using the average time of all triathletes, as proposed in previous research [32].



Future studies will be required to validate this index both internally and externally with other types of participants, such as popular triathletes, popular and elite athletes, trail runners, etc.







Author Contributions


Conceptualisation, J.O.-C. and A.F.-V.; Methodology, J.O.-C. and A.F.-V.; Software, J.F.-S.; Validation, J.O.-C., J.F.-S., O.Ø. and A.F.-V.; Formal Analysis, J.F.-S.; Investigation, J.O.-C. and A.F.-V.; Resources, J.O.-C. and A.F.-V.; Data Curation, J.O.-C. and A.F.-V.; Writing—Original Draft Preparation, J.O.-C. and A.F.-V.; Writing—Review and Editing, J.O.-C., J.F.-S., O.Ø. and A.F.-V.; Visualisation, J.F.-S.; Supervision, A.F.-V.; Project Administration, J.O.-C., O.Ø. and A.F.-V. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki.




Informed Consent Statement


Not applicable.




Data Availability Statement


All result data used in the analysis in this paper are available from the World Triathlon website: https://www.triathlon.org (accessed on 19 March 2020).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



van Schuylenbergh, R.; vanden Eynde, B.; Hespel, P. Prediction of Sprint Triathlon Performance from Laboratory Tests. Eur. J. Appl. Physiol. 2004, 91, 94–99. [Google Scholar] [CrossRef] [PubMed]

	



Millet, G.; Candau, R.; Barbier, B.; Busso, T.; Rouillon, J.; Chatard, J. Modelling the Transfers of Training Effects on Performance in Elite Triathletes. Int. J. Sports Med. 2002, 23, 55–63. [Google Scholar] [CrossRef] [PubMed]

	



Dengel, D.; Flynn, M.; Costill, D.; Kirwan, J. Determinants of Success during Triathlon Economy during a Simulated Laboratory Test Triathlon Is Highly Related to Olympic Distance Triathlon. Res. Q. Exerc. Sport 1989, 60, 234–238. [Google Scholar] [CrossRef] [PubMed]

	



Ferriz, A.; Sellés, S.; García, M.; Cejuela, R. Efecto de La Edad Relativa Para El Desarrollo Del Talento En Jóvenes Triatletas Relative Age Effect for Talents’ Development in Joung Triathletes. Retos 2020, 37, 27–32. [Google Scholar] [CrossRef]

	



Olaya-Cuartero, J.; Fernández-Sáez, J.; Østerlie, O.; Ferriz-Valero, A. Contribution of Segments to Overall Result in Elite Triathletes: Sprint Distance. Int. J. Environ. Res. Public Health 2021, 18, 8422. [Google Scholar] [CrossRef]

	



Buekers, M.; Ibáñez-Gijón, J.; Morice, A.H.P.; Rao, G.; Mascret, N.; Laurin, J.; Montagne, G. Interdisciplinary Research: A Promising Approach to Investigate Elite Performance in Sports. Quest 2017, 69, 65–79. [Google Scholar] [CrossRef]

	



Pérez, R.; García, J.L.; Gil, J.A.; Galán, A. Estadística Aplicada a la Educación; UNED-Pearson, Ed.; UNED-Pears: Madrid, Spain, 2009. [Google Scholar]

	



Bericat, E. The European Gender Equality Index: Conceptual and Analytical Issues. Soc. Indic. Res. 2012, 108, 1–28. [Google Scholar] [CrossRef]

	



van Staveren, I. To Measure Is to Know? A Comparative Analysis of Gender Indices. Rev. Soc. Econ. 2013, 71, 339–372. [Google Scholar] [CrossRef]

	



Gaye, A.; Klugman, J.; Kovacevic, M.; Twigg, S.; Zambrano, E. Measuring Key Disparities in Human Development: The Gender Inequality Index. Human Development Research Paper. E-Convers. Propos. Clust. Excell. 2010, 46, 1–37. [Google Scholar]

	



Landers, G.J.; Blanksby, B.A.; Ackland, T.R.; Monson, R. Swim Positioning and Its Influence on Triathlon Outcome. Int. J. Exerc. Sci. 2008, 1, 93–105. [Google Scholar]

	



Cejuela, R.; Ferriz, A.; Sellés, S. Triathlon Medicine; Migliorini, S., Ed.; Springer International Publishing: Cham, Switzerland, 2020; ISBN 978-3-030-22356-4. [Google Scholar]

	



Piacentini, M.; Bianchini, L.; Minganti, C.; Sias, M.; di Castro, A.; Vleck, V. Is the Bike Segment of Modern Olympic Triathlon More a Transition towards Running in Males than It Is in Females? Sports 2019, 7, 76. [Google Scholar] [CrossRef] [PubMed]

	



Hue, O. The Challenge of Performing Aerobic Exercise in Tropical Environments: Applied Knowledge and Perspectives. Int. J. Sports Physiol. Perform. 2011, 6, 443–454. [Google Scholar] [CrossRef]

	



Figueiredo, P.; Marques, E.A.; Lepers, R. Changes in Contributions of Swimming, Cycling, and Running Performances on Overall Triathlon Performance over a 26-Year Period. J. Strength Cond. Res. 2016, 30, 2406–2415. [Google Scholar] [CrossRef] [PubMed]

	



Horne, M.J. The Relationship of Race Discipline with Overall Performance in Sprint and Standard Distance Triathlon Age-Group World Championships. Int. J. Sports Sci. Coach. 2017, 12, 814–822. [Google Scholar] [CrossRef]

	



Landers, G.J.; Blanksby, B.A.; Ackland, T.R.; Smith, D. Morphology and Performance of World Championship Triathletes. Ann. Hum. Biol. 2000, 27, 387–400. [Google Scholar] [CrossRef]

	



Knechtle, B.; Wirth, A.; Rüst, C.A.; Rosemann, T. The Relationship between Anthropometry and Split Performance in Recreational Male Ironman Triathletes. Asian J. Sports Med. 2011, 2, 23–30. [Google Scholar] [CrossRef]

	



Rüst, C.A.; Knechtle, B.; Rosemann, T.; Lepers, R. Sex Difference in Race Performance and Age of Peak Performance in the Ironman Triathlon World Championship from 1983 to 2012. Extrem. Physiol. Med. 2012, 1, 1. [Google Scholar] [CrossRef]

	



Ferriz-valero, A.; Martínez-sanz, J.M.; Fernández-sáez, J.; Sellés-pérez, S.; Cejuela-anta, R. Perfil Antropométrico de Jóvenes Triatletas y Su Asociación Con Variables de Rendimiento. Arch. Med. Deporte 2020, 37, 78–84. [Google Scholar]

	



Rüst, C.; Lepers, R.; Stiefel, M.; Rosemann, T.; Knechtle, B. Performance in Olympic Triathlon: Changes in Performance of Elite Female and Male Triathletes in the ITU World Triathlon Series from 2009 to 2012. Springerplus 2013, 2, 1–7. [Google Scholar] [CrossRef]

	



Pandeló, D.R.; Thomas, K.R.; Colantonio, E.; Myers, C. Relative Performance Index in Triathlon. Annu. Biostat. Biom. Appl. 2020, 4, 1–14. [Google Scholar] [CrossRef]

	



Schmidt, M.E.; Steindorf, K. Statistical Methods for the Validation of Questionnaires--Discrepancy between Theory and Practice. Methods Inf. Med. 2006, 45, 409–413. [Google Scholar] [CrossRef] [PubMed]

	



van Stralen, K.J.; Jager, K.J.; Zoccali, C.; Dekker, F.W. Agreement between Methods. Kidney Int. 2008, 74, 1116–1120. [Google Scholar] [CrossRef] [PubMed]

	



Bland, J.M.; Altman, D.G. Measurement Error and Correlation Coefficients. BMJ 1996, 313, 41–42. [Google Scholar] [CrossRef] [PubMed]

	



Ferriz-Valero, A.; Martínez, S.G.; Olaya-Cuartero, J.; García-Jaén, M. Sustainable Sport Development: The Influence of Competitive-Grouping and Relative Age on the Performance of Young Triathletes. Sustainability 2020, 12, 6792. [Google Scholar] [CrossRef]

	



Koo, T.K.; Li, M.Y. A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability Research. J. Chiropr. Med. 2016, 15, 155–163. [Google Scholar] [CrossRef]

	



Hanneman, S.K. Design, Analysis, and Interpretation of Method-Comparison Studies. AACN Adv. Crit. Care 2008, 19, 223–234. [Google Scholar] [CrossRef]

	



Vleck, V.; Bürgi, A.; Bentley, D. The Consequences of Swim, Cycle, and Run Performance on Overall Result in Elite Olympic Distance Triathlon. Int. J. Sports Med. 2006, 27, 43–48. [Google Scholar] [CrossRef]

	



Cejuela, R.; Cala, A.; Pérez-Turpin, J.A.; Villa, J.G.; Cortell, J.M.; Chinchilla, J.J. Temporal Activity in Particular Segments and Transitions in the Olympic Triathlon. J. Hum. Kinet. 2013, 36, 87–95. [Google Scholar] [CrossRef]

	



Millet, G.P. Physiological and Biomechanical Adaptations to the Cycle to Run Transition in Olympic Triathlon: Review and Practical Recommendations for Training. Br. J. Sports Med. 2000, 34, 384–390. [Google Scholar] [CrossRef]

	



Clotet, I.; Perez, R. Method for the Individual and Comparative Analysis of the Triathlete’s Performance in the Competition. In Proceedings of the I World Conference of Science in Triathlon, Alicante, Spain, 24–26 March 2011. [Google Scholar]








[image: Biology 11 00902 g001 550] 





Figure 1. Distribution of the overall performance indicator (OPI) concerning the swimming performance indicator (SPI), cycling performance indicator (CPI), and running performance indicator (RPI). 
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Figure 2. Bland–Altman plots between swimming performance indicator (SPI), cycling performance indicator (CPI), and running performance indicator (RPI) and overall performance indicator (OPI). The red lines represent the upper and lower 95% limits of agreement, whereas the blue line represents the bias. 
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Figure 3. Bland–Altman plots between transition 1 performance indicator (T1PI) and transition 2 performance indicator (T2PI) and overall performance indicator (OPI). The red lines represent the upper and lower 95% limits of agreement, whereas the blue line represents the bias. 
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Table 1. Random selection of the subsample representing 10% of the total sample.
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	a ICCa (IC95%) b
	p
	c ICCc (IC95%)
	p
	d ρ
	p





	Elite Men
	
	
	
	
	
	



	SPI
	0.630 (0.567–0.683)
	<0.001
	0.629 (0.566–0.683)
	<0.001
	0.436
	<0.001



	T1PI
	0.147 (0.078–0.328)
	<0.001
	0.278 (0.154–0.384)
	<0.001
	0.261
	<0.001



	CPI
	0.783 (0.683–0.845)
	<0.001
	0.809 (0.777–0.837)
	<0.001
	0.547
	<0.001



	T2PI
	0.082 (0.072–0.223)
	0.002
	0.213 (0.074–0.330)
	0.002
	0.248
	<0.001



	RPI
	0.564 (0.206–0.815)
	<0.001
	0.793 (0.758–0.823)
	<0.001
	0.859
	<0.001



	Elite Women
	
	
	
	
	
	



	SPI
	0.639 (0.569–0.99)
	<0.001
	0.644 (0.574–0.702)
	<0.001
	0.449
	<0.001



	T1PI
	0.170 (0.061–0.349)
	<0.001
	0.280 (0.138–0.399)
	<0.001
	0.219
	<0.001



	CPI
	0.823 (0.619–0.901)
	<0.001
	0.866 (0.840–0.888)
	<0.001
	0.710
	<0.001



	T2PI
	0.123 (0.101–0.318)
	<0.001
	0.313 (0.175–0.428)
	<0.001
	0.321
	<0.001



	RPI
	0.584 (0.196–0.825)
	<0.001
	0.799 (0.760–0.832)
	<0.001
	0.791
	<0.001







SPI, Swimming Performance Indicator; T1PI, Transition 1 Performance Indicator; CPI, Cycling Performance Indicator; T2PI, Transition 2 Performance Indicator; RPI, Running Performance Indicator; OPI, Overall Performance Indicator; a Absolute Agreement Intraclass Correlation Coefficient; b 95% Confidence Intervals; c Concordance Intraclass Correlation Coefficient; d Spearman Range Correlation Coefficient.
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Table 2. Random selection of the subsample representing 25% of the total sample.
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	a ICCa (IC95%) b
	p
	c ICCc (IC95%)
	p
	d ρ
	p





	Elite Men
	
	
	
	
	
	



	SPI
	0.645 (0.608–0.679)
	<0.001
	0.645 (0.608–0.679)
	<0.001
	0.442
	<0.001



	T1PI
	0.081 (0.047–0.195)
	<0.001
	0.163 (0.074–0.243)
	<0.001
	0.159
	<0.001



	CPI
	0.769 (0.685–0.824)
	<0.001
	0.793 (0.771–0.812)
	<0.001
	0.557
	<0.001



	T2PI
	0.080 (0.070–0.218)
	<0.001
	0.226 (0.142–0.301)
	<0.001
	0.273
	<0.001



	RPI
	0.534 (0.185–0.787)
	<0.001
	0.754 (0.728–0.777)
	<0.001
	0.834
	<0.001



	Elite Women
	
	
	
	
	
	



	SPI
	0.583 (0.532–0.628)
	<0.001
	0.587 (0.538–0.631)
	<0.001
	0.426
	<0.001



	T1PI
	0.171 (0.050–0.341)
	<0.001
	0.282 (0.195–0.360)
	<0.001
	0.243
	<0.001



	CPI
	0.803 (0.587–0.887)
	<0.001
	0.850 (0.832–0.866)
	<0.001
	0.713
	<0.001



	T2PI
	0.121 (0.096–0.303)
	<0.001
	0.295 (0.209–0.372)
	<0.001
	0.333
	<0.001



	RPI
	0.576 (0.184–0.816)
	<0.001
	0.786 (0.761–0.809)
	<0.001
	0.782
	<0.001







SPI, Swimming Performance Indicator; T1PI, Transition 1 Performance Indicator; CPI, Cycling Performance Indicator; T2PI, Transition 2 Performance Indicator; RPI, Running Performance Indicator; OPI, Overall Performance Indicator; a Absolute Agreement Intraclass Correlation Coefficient; b 95% Confidence Intervals; c Concordance Intraclass Correlation Coefficient; d Spearman Range Correlation Coefficient.
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Table 3. Random selection of the subsample representing 75% of the total sample.
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	a ICCa (IC95%) b
	p
	c ICCc (IC95%)
	p
	d ρ
	p





	Elite Men
	
	
	
	
	
	



	SPI
	0.633 (0.661–0.653)
	<0.001
	0.633 (0.611–0.653)
	<0.001
	0.414
	<0.001



	T1PI
	0.094 (0.049–0.218)
	<0.001
	0.190 (0.142–0.236)
	<0.001
	0.195
	<0.001



	CPI
	0.774 (0.689–0.829)
	<0.001
	0.799 (0.787–0.810)
	<0.001
	0.537
	<0.001



	T2PI
	0.084 (0.070–0.224)
	<0.001
	0.231 (0.184–0.275)
	<0.001
	0.270
	<0.001



	RPI
	0.536 (0.184–0.788)
	<0.001
	0.755 (0.741–0.769)
	<0.001
	0.842
	<0.001



	Elite Women
	
	
	
	
	
	



	SPI
	0.615 (0.587–0.640)
	<0.001
	0.618 (0.593–0.642)
	<0.001
	0.425
	<0.001



	T1PI
	0.184 (0.052–0.361)
	<0.001
	0.305 (0.259–0.349)
	<0.001
	0.275
	<0.001



	CPI
	0.815 (0.635–0.890)
	<0.001
	0.856 (0.847–0.865)
	<0.001
	0.705
	<0.001



	T2PI
	0.106 (0.081–0.268)
	<0.001
	0.265 (0.216–0.312)
	<0.001
	0.289
	<0.001



	RPI
	0.582 (0.188–0.821)
	<0.001
	0.794 (0.780–0.807)
	<0.001
	0.790
	<0.001







SPI, Swimming Performance Indicator; T1PI, Transition 1 Performance Indicator; CPI, Cycling Performance Indicator; T2PI, Transition 2 Performance Indicator; RPI, Running Performance Indicator; OPI, Overall Performance Indicator; a Absolute Agreement Intraclass Correlation Coefficient; b 95% Confidence Intervals; c Concordance Intraclass Correlation Coefficient; d Spearman Range Correlation Coefficient.
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Table 4. Intraclass correlation coefficient of absolute agreement and concordance, and Spearman range correlation coefficient, between the overall performance indicator and the three segments in the years 2012–2019.
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	ICCa (IC95%) b
	p
	ICCc (IC95%)
	p
	d ρ
	p





	Elite Men
	
	
	
	
	
	



	SPI
	0.640 (0.622–0.658)
	<0.001
	0.640 (0.622–0.658)
	<0.001
	0.424
	<0.001



	T1PI
	0.090 (0.047–0.210)
	<0.001
	0.184 (0.142–0.223)
	<0.001
	0.188
	<0.001



	CPI
	0.777 (0.700–0.828)
	<0.001
	0.800 (0.789–0.809)
	<0.001
	0.535
	<0.001



	T2PI
	0.083 (0.070–0.222
	<0.001
	0.229 (0.189–0.268)
	<0.001
	0.266
	<0.001



	RPI
	0.538 (0.179–0.788)
	<0.001
	0.754 (0.741–0.766)
	<0.001
	0.843
	<0.001



	Elite Women
	
	
	
	
	
	



	SPI
	0.613 (0.588–0.637)
	<0.001
	0.618 (0.596–0.638)
	<0.001
	0.425
	<0.001



	T1PI
	0.178 (0.050–0.352)
	<0.001
	0.298 (0.257–0.336)
	<0.001
	0.277
	<0.001



	CPI
	0.816 (0.633–0.890)
	<0.001
	0.857 (0.849–0.865)
	<0.001
	0.709
	<0.001



	T2PI
	0.107 (0.082–0.271)
	<0.001
	0.269 (0.226–0.309)
	<0.001
	0.294
	<0.001



	RPI
	0.581 (0.188–0.820)
	<0.001
	0.793 (0.781–0.804)
	<0.001
	0.789
	<0.001







SPI, Swimming Performance Indicator; T1PI, Transition 1 Performance Indicator; CPI, Cycling Performance Indicator; T2PI, Transition 2 Performance Indicator; RPI, Running Performance Indicator; OPI, Overall Performance Indicator; b 95% Confidence Intervals; d Spearman Range Correlation Coefficient.
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