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ABSTRACTS  

Today's sport motivates the search for new solutions that allow the athlete to respond 

to high physical demands within a sustainable sport. One solution is to search for tests 

for performance monitoring. The aim of this study is to propose a field test for the 

evaluation of aerobic capacity, carrying out a triathlon with lower values in terms of 

distance and duration with respect to the sprint triathlon. The study presents a field test 

proposal for the evaluation of aerobic capacity performing triathlons with shorter 

distances. The distance was determined through a practical study of competitive activity. 
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In the validation, the test was applied to 12 athletes of the youth category with an 

average age of 16.3 years (± 1,3). The content validity was verified using the criteria of 

12 specialists who stated that it adequately represents the aerobic capacity. Reliability 

and concordance were checked using the Wilcoxon rank test where asymptotic 

significance was 0.574. By the equivalence criterion, the test was monitored by 

comparing heart rate values with those of a simulated sprint triathlon. For the contrasted 

validity, the results of the triathletes were compared with those of five swimmers, three 

cyclists and two long-distance runners. The test times were lower in the triathletes, 

confirming that the test is specific for triathletes.  

Keywords: Triathlon; Sprint; Performance; Test; Aerobic capacity. Carried. 

 

RESUMEN  

El deporte actual motiva la búsqueda de nuevas soluciones que permitan al atleta 

responder a altas exigencias físicas dentro de un deporte sostenible. Una solución es la 

búsqueda de pruebas para el control del rendimiento. El objetivo consistió en proponer 

un test de campo para la evaluación de la capacidad aeróbica y realizar un triatlón con 

valores inferiores en cuanto a distancia y duración respecto al triatlón sprint. Este estudio 

presenta una propuesta de test de campo para la evaluación de la capacidad aeróbica, 

realizando triatlones con distancias inferiores. La distancia se determinó mediante un 

estudio práctico de la actividad competitiva. La validación de los test fue aplicado a 12 

atletas de la categoría juvenil, con una edad promedio de 16, 3 años (± 1,3). La validez 

de contenido se comprobó mediante el criterio de 12 especialistas que afirmaron que 

este representa de manera adecuada la capacidad aeróbica. La confiabilidad y la 

concordancia se comprobaron mediante la prueba de rangos de Wilcoxon, con una 

significación asintótica de 0,574. Por el criterio de equivalencia, se monitorizó la prueba 

mediante la comparación de valores de frecuencia cardíaca del test con los de un triatlón 

sprint simulado. Para la validez contrastada, se compararon los resultados de los 

triatletas con los de cinco nadadores, tres ciclistas y dos corredores de fondo. Los 

tiempos del test fueron inferiores en los triatletas, lo que confirmó que es específico para 

triatletas.  

Palabras clave: Triatlón; Sprint; Rendimiento; Test; Capacidad aeróbica. 

 

RESUMO  

O esporte de hoje motiva a busca de novas soluções que permitam ao atleta atender a 

altas exigências físicas dentro de um esporte sustentável. Uma solução é a busca de 

testes de monitoramento de rendimento. O objetivo era propor um teste de campo para 

a avaliação da capacidade aeróbica e realizar um triatlo com valores mais baixos em 

termos de distância e duração do que um triatlo de sprint. Este estudo apresenta uma 

proposta de teste de campo para a avaliação da capacidade aeróbica, realizando triatlos 

com distâncias mais curtas. A distância foi determinada por um estudo prático da 

atividade competitiva. A validação dos testes foi aplicada a 12 atletas da categoria 

jovem, com idade média de 16,3 anos (± 1,3). A validez do conteúdo foi verificada pelos 

critérios de 12 especialistas que afirmaram que ele representa adequadamente a 

capacidade aeróbica. A confiabilidade e a concordância foram testadas por Wilcoxon rank 

test, com um significado assimptótico de 0,574. Para o critério de equivalência, o teste 

foi monitorado pela comparação dos valores de frequência cardíaca do teste com os de 

um triatlo de sprint simulado. Para a validade do teste, os resultados dos triatletas foram 

comparados com os de cinco nadadores, três ciclistas e dois corredores de longa 
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distância. Os tempos de teste foram menores nos triatletas, confirmando que é 

específico para os triatletas.  

Palavras-chave: Triatlo; Sprint; Rendimento; Teste; Capacidade aeróbica. 

 

INTRODUCTION  

The current sports scenario is becoming increasingly complex. This is due to different 

issues: more numerous, continuous and demanding competitions, greater participation 

of countries with a high competitive level, increase in the level of sports results and 

greater specialization of athletes from an early age.  

Due to the continuous competitions, planning structures have had to be modified in order 

to maintain sporting form over a prolonged period of time and to have a successful 

competitive calendar. In addition, it is almost impossible to continue to increase the 

specificity of training, as well as the improvement of sporting performance by increasing 

training volumes.  

Such a complex sporting panorama motivates new approaches from the methodological 

and pedagogical point of view. These new thresholds allow the coach and sport 

specialists in general to find and exploit the athlete's hidden potentials, which help 

him/her to respond to the current sporting demands. These arguments facilitate access 

to challenges without the help of doping substances, they also achieve a relationship 

between science and technology and counteract the athlete's sporting improvements 

only at the cost of increased intensity.  

All of the aforementioned leads to the search for solutions that allow the development 

of a sustainable sport, even under the pressure of the sporting scenario described above. 

One of these solutions is "the search for tests with increasingly higher levels of 

information" (García et al., 2018). And that, in turn, allow a systematic monitoring of 

performance to assess the assimilation of loads by athletes.  

The control of performance is carried out through different criteria, according to the 

characteristics of the sports. For sports of times and marks, the criterion to consider for 

the control of performance will be the athlete's personal best in the event in which he/she 

competes. In those disciplines where there is a clear influence of aerobic capacity, the 

best way to evaluate the performance of athletes is "to determine the endurance time 

in the test they usually practice" (López and Gorostiaga, 2018).  

These periodic evaluations of performance, with the application of tests with the same 

characteristics as the competition, can have their drawbacks. Sometimes, they are 

events that due to their duration and distance become too demanding, causing wear and 

tear to the evaluated athletes, after the test is applied, which prevents their quick return 

to daily training. If the recovery process is not respected, then it could cause an 

accumulation of fatigue in athletes, which will be reflected in negative results in the main 

competition.  

If to the already demanding training process, equally exhausting and difficult evaluations 

are added, the sport will be increasingly complex and unsustainable. One solution to this 

problem is the use of shorter tests because through them "it is possible to indirectly 

determine the endurance capacity in long duration tests" (López and Gorostiaga, 2018). 

This would contribute to the sustainability of sport, the protection of the athlete's health 

and would extend their sporting life.  
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Triathlon is an individual, combined and endurance sport; it is made up of three 

segments: swimming, cycling and running. It is done in the above order and the 

stopwatch does not stop until the end of the race. Therefore, being able to complete the 

race in the shortest time possible will be the main objective of the competitors.  

Although it is a sport where three sports modalities are integrated, each one constituting 

a segment of the event, it would be incorrect to assume that a separate analysis of each 

segment would be sufficient to understand the inner workings of this discipline.  

There are several distances that make up the triathlon; among them, the sprint distance 

is the one with which many normally start in the practice of this sport and is the distance 

called for the national youth championships in Cuba. The distances that make it up are 

750 meters of swimming, 20 kilometers of cycling and five kilometers of running. The 

duration of a competition can be from 55 minutes to more than 1 hour and 30 minutes.  

Due to the characteristics of the event, the aerobic capacity is considered as one of the 

determinant indicators of performance, according to Cejuela and Rodriguez (2007); this 

creates the need to maintain a control of the development of this capacity in the athlete 

by the coach, control that is done through the application of tests.  

As indicators for the evaluation of aerobic capacity, the maximum oxygen consumption 

and the anaerobic threshold are used. Ogueta and García (2016) state that the maximum 

oxygen consumption is related to aerobic capacity and for Astrand, cited by Padilla et 

al., (1998), this is the most representative variable of aerobic capacity. It is defined as 

the value, from which there is no increase in oxygen consumption, even if the intensity 

is increased. The anaerobic threshold is defined, according to Wasserman (1967), quoted 

by Manso et al., (1996), as:  

"the intensity of exercise or physical work above which the concentration of lactate 

in the blood begins to increase progressively, while ventilation also intensifies in a 

disproportionate manner with respect to the oxygen consumed" (p. 270).  

Within the triathlon there are studies that have measured aerobic capacity, among which 

it can be mentioned those conducted by Basset and Boulay (2003) and Zapico and 

Calderon (2014), who used incremental tests in cycloergometer and treadmill. This trend 

is observed after performing a literature review. As a result, it can be seen that the tests 

used in triathlon are characterized by being parceled because they evaluate segments 

of the triathlete's race and not the race itself. They are taken from the sport disciplines 

that make up the triathlon. Few of them are used to evaluate aerobic capacity in Sprint 

distance triathlon. There is a predominance of laboratory tests and they do not study 

the athlete in conditions similar to those of competition.  

The above mentioned, makes necessary the development of a test for aerobic capacity 

capable of reproducing, on a smaller scale, the conditions of sprint triathlon competition. 

And that in turn allows to maintain systematic evaluations of the triathletes without 

producing physical wear similar to those of the official distance.  

The aim of this study is to propose a field test for the evaluation of aerobic capacity, 

carrying out a triathlon with lower values in terms of distance and duration with respect 

to the sprint triathlon.  
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MATERIALS AND METHODS  

The methods used within the theoretical level were the inductive-deductive for the study 

of the tests in triathlon and for the practical study of the competitive activity. The 

analysis-synthesis during the process of elaboration of the test to carry out a study of 

the characteristics of the aerobic capacity and to achieve the design of the test. From 

the empirical level methods, the documentary analysis is used to obtain the necessary 

information on the subject in question, through the specialized literature. Measurement 

was used to measure the time in the designed test. Among the statistical-mathematical 

methods, Tukey's trimmed mean was used to calculate the mean during the study of the 

competitive activity and Wilcoxon's rank test was used to check the reliability of the 

proposed test.  

As an applied research technique, the review of official documents such as the triathlon 

regulations and the Athlete Preparation Program was used to know the regulatory 

conditions, proposed tests and ways to design them. The survey was used to evaluate 

the content validity of the proposed test.  

Participants  

The specialists consulted to evaluate the content validity of the test were 12 triathlon 

coaches who had more than five years of experience in the sport preparation of the 

youth category. The test was applied in a practical way to 12 athletes, nine of them 

members of the youth teams of the province of Villa Clara and Cienfuegos with ages 

between 15 and 17 years and three of the triathlon team of Aguascalientes in Mexico, 

with 16 years of age. The average age was 16.3 years (± 1.3). All of them presented 

the informed consent, signed by the guardians. For the study of the contrasted validity, 

a group of athletes from the provincial Eide (Sport Initiation School) "Héctor Ruiz Pérez" 

was used. Five swimming, three cycling and two athletics athletes were selected, with 

an average age of 16.9 years (± 0.5), after previously presenting the informed consent.  

Procedure  

For the design of the test, first a study of the characteristics of the aerobic capacity was 

carried out to determine what duration the test should have and from here four possible 

durations of the test were defined. With these results and those obtained, corresponding 

to a study carried out in the competitive activity of sprint triathlon, the distance by 

segments of the test was determined, then the test was validated; for this, specialists 

were consulted to assess the validity of content, then the test was validated through the 

reliability and empirical validity of external criteria, the latter through the contrasted 

validity.  

  

RESULTS AND DISCUSSION  

In determining the distances by segments, it was used used the results presented by 

Fundora et al., (2019), obtained from a study of the competitive activity of sprint 

triathlon. Table 1 shows the percentage by segments with respect to the total distance. 

Table 2 shows the values of the average ratios, with their lower and upper limits and in 

Table 3, the average duration by segments and the average speed are represented 

(Table 1, Table 2 and Table 3).  
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Table 1.- Percentage by segments with respect to the total distance, obtained from 

the practical study of the competitive activity  

 

Table 2. - Values by ranges of the ratios corresponding to each segment, obtained 

from the practical study of the competitive activity  

 

Table 3. - Average duration and average speed by segments, obtained from the 

practical study of the competitive activity  

 

According to the analysis carried out on the aerobic capacity, it was known that this 

begins to manifest itself energetically after ten minutes and, after 30 minutes, the steady 

state begins. Therefore, four possible total durations of the test were established, which 

were 10, 15, 20 and 25 minutes. From each of these possible total times of the test, the 

time per segment was calculated, to then obtain the distance of the segment.  

For the calculation of the segment distance corresponding to each total test time, first 

proposed, the segment duration was calculated using the following formula (Equation 

1).  

 

Table 4 shows the values of the possible total test times chosen, the duration per 

segment and the distance corresponding to each segment. The following formula was 

used to calculate the distance per segment (Equation 2) and (Table 4). 
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Where:  

Average speed of the segment is the one obtained from the practical study of the 

competitive activity.  

Table 4.- Possible total times, duration per segment according to the reasons and the 

corresponding segment distance  

 

The values obtained from the distance by segments were adjusted, through the search 

for a better practical application at the time of tracing the route for each segment. The 

criterion to be considered to select the best proposal was that the percentage 

corresponding to each segment, with respect to the total distance, should be similar to 

the percentages obtained from the official Sprint Triathlon distance according to the 

results of the practical study of the competitive activity. The proposal that best 

approached these percentages was the one obtained from 20 minutes (Table 5). 

Table 5.- Comparison between the percentages of the distance by segments, obtained 

from the 20 minutes proposal with the official distance  

 

Test validation results  

The first aspect studied on the validity of the test was the content validity. In order to 

collect the opinion of these, a model called Aval of estimation was used. The results 

revealed that the 12 specialists affirmed that the test adequately represents the aerobic 

capacity.  

Once the analysis of the behavior of the level of information of the test was concluded, 

it was proceeded to the analysis of the reliability and empirical validity. Reliability was 

tested for stability and concordance. Figure 1 shows the product of the comparison of 
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the test results at two different times, results supported by Table 6 through the 

application of the Wilcoxon rank test (Figure 1) and (Table 6).  

 

Fig. 1.- Comparison of the mean between tests one and two of the aerobic capacity 

test  

Table 6. - Results of the application of the Wilcoxon rank test to the aerobic capacity 

test  
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Test monitoring results  

This monitoring consisted in knowing if the proposed test provokes in the athlete similar 

effects to those provoked by the competition. In order to carry out this monitoring, it 

was resorted to the study of the behavior of the heart rate (HR) throughout the test. 

The values of heart rate in the sprint triathlon, which were used for comparison, were 

those presented by Berbalk et al., (1997), who was cited by Cejuela et al., (2007); these 

researchers were able to record through a simulated test of the sprint triathlon the 

behavior of the heart rate in the three segments, as well as the behavior of lactate 

(Figure 2) and (Figure 6).  

 

Fig. 2.- Heart rate behavior during a simulated sprint triathlon.  
Source: Cejuela et al., (2007).  

Heart rate monitoring in the proposed test was carried out with the use of a Garmin 

heart rate monitor. This allowed recording the mean and maximum values in each 

segment, as shown in Figures 3, 4 and 5.  

 

Fig. 3. - Behavior of the heart rate in the swimming segment during the proposed 

aerobic capacity test  
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Fig. 4. - Behavior of the heart rate in the cycling segment during the proposed aerobic 

capacity test  

 

Fig. 5. - Behavior of the heart rate in the running segment during the proposed 

aerobic capacity test  

Verification of the quality of the test on the basis of contrastracted validity. For the 

contrasted validity, the test times obtained from the triathletes were compared with the 

times of five swimmers, three cycling athletes and two track and field athletes from the 

endurance area. Figure 6 shows the comparison of these results. To make the 

comparison, the confidence intervals for each group were determined using the 

Student's t-value calculation.  
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Fig. 6. - Comparison of the confidence intervals resulting from the application of the 

aerobic capacity test applied to triathletes, swimmers, cyclists and runners 
INF_INTER_C: Lower confidence interval. SUPERIOR_INTER_C: Upper confidence interval.  

The proposed test is elaborated in the form of a Mini Triathlon to respect the competitive 

conditions, where each specialty is performed one after the other and in which, in the 

opinion of Zderic et al., (1997), quoted by Molina et al., (2009), the "transitions provide 

the triathlon with very special characteristics that determine performance beyond the 

simple sum of the determining factors of the sports that compose it" (p 46).  

Three systems are known to be involved in energy transfer during physical activity:  

1. Immediate energy production system: alactacid anaerobic system or 

phosphagen system.  

2. Short-term system: anaerobic lactate system or glycogen and lactic acid 

system.  

3. Long-term system: aerobic system or oxidative system Gonzalez (2013).  

The use of one system or another will depend on the type of physical activity to be 

performed. Of the three systems, only the long-term system allows an aerobic energy 

supply. And it is used "for activities lasting more than 120 seconds" López and Fernández 

(2006).  

After 10 minutes, the energetic capacity of this system begins to be expressed. These 

qualities link it "to the physical quality of medium and long endurance" González (2013). 

Harre (1987), quoted by García et al., (1996) subdivides the long duration endurance 

(LER) in three, according to the duration of the effort. Considering the duration of the 

competition load of the Sprint triathlon (56'- 90'), its specific endurance would be the 

RLD- II, taking into account that it has a duration between 35'-90'.  

During the development of a test it is important to ask yourself:  

• Do the tasks proposed in the test respond to the researcher's purposes?  

• How accurately does it address the study problem?  
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These questions indicate that, before applying the test, one must be sure that there is a 

correspondence between the contents and the researcher's intentions. Therefore, if this 

correspondence does not take place in the test, subjecting the athlete to an examination 

process by applying the tests may provide unreliable information.  

In order to verify the quality of the proposed test, we start by using the criteria of 

specialists to determine if there is a correspondence between the content of the test and 

the researcher's intentions with it. The level of information or validity to be used, with 

the use of the criteria that specialists can provide, is known as content validity 

(Zatsiorsky, 1989).  

The reliability of a test is the degree of coincidence of the results when its application is 

repeated to the same persons under equal conditions. For the analysis of reliability, two 

of its three indicators, stability and concordance, were applied.  

The test stability indicator makes it possible to verify the possibility of reproducing the 

results obtained by repeating the test within a given time and under equal conditions. 

In the work, stability is measured in its two meanings; in one, the repetition of the test 

is carried out to obtain reliable data about the state of the researched during the time 

interval between the test and its repetition, while in the second, the importance of the 

conservation of the level of the researched within the group being analyzed is 

considered. The time selected between each measurement was one week.  

In the first case, the test was compared at two different times on the same persons and 

the non-existence was determined from the statistical point of view of differences 

between the measurements made, that is, it speaks of the ability of the tests, from their 

results to infer about the current state of the capacities in the subjects, while the 

correlation index used in the second case indicates the distinctive possibility of the test, 

the higher the value of the coefficient obtained, the greater the possibility of informing 

and differentiating the subjects within the group in which they are inserted in the 

research.  

In order to check if there were significant differences between the two moments in which 

the tests were applied, the Wilcoxon rank test was used. This test was used because the 

group of data was small and with integer values. The significance value in both tests was 

higher than 0.05, which indicates that there are no significant differences between the 

results obtained in the two moments submitted to comparison.  

In the graph presented in figure 1, corresponding to the aerobic capacity test, note that 

between the mean of the two moments there are no significant differences, a conclusion 

that is supported by the results of the asymptotic value, presented in table 6 with the 

results of the Wilcoxon ranks test where the value is greater than 0.05.  

In these results, undoubtedly influenced, the conception of the test and the selection of 

the components that integrate it (vital scenario of incidence), the mastery of the group 

of researched and the adequate selection of the time interval to consummate the test 

and its repetition, which allows to control during the application of the test the variable 

incidence of the training process in the final result of the test (especially in the sense of 

an improvement of the conditions and factors acting in the energetic system under study, 

caused by progressive movements of adaptation as a response of the organism to "the 

aggression" that represent the training loads along the programming structure).  
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The Wilcoxon rank test also allows to strengthen the criterion of test reliability based on 

concordance. The results obtained allow to infer that, regardless of the person who 

performs the test, as long as the standardization requirements described in the structure 

of the test are clearly met, the results obtained will be similar. This thesis is reached 

through the correlation of the results obtained in the tests applied by different 

researchers on the same subject.  

Another criterion to determine the reliability of a test is the equivalence criterion. To 

determine whether this criterion is met, the results of the proposed test are compared 

with the results of a test that already exists and has been validated. If there are no 

significant differences between the results of the two tests, then the proposed test can 

be considered equivalent.  

In the research, it was not possible to submit the proposed test to the equivalence 

criterion because there are no validated tests that allow evaluating the triathlete 

performing triathlon. For this reason, it was necessary to monitor the test. This 

monitoring consisted in knowing if the proposed test provokes in the athlete similar 

effects to those provoked by the competition.  

The heart rate monitoring in the proposed test was carried out with the use of a Garmin 

heart rate monitor. This allowed recording the average and maximum values in each 

segment.  

In the graph of the simulated triathlon, it is observed that the swimming segment shows 

average values around 150 beats per minute (bpm) and maximum values that reach up 

to 160 bpm. The values obtained in the swimming segment of the proposed test show 

average values of 168 bpm and maximum values of 174 bpm, somewhat higher than 

those obtained in the simulated triathlon.  

The cycling segment in the simulated triathlon shows average values around 170 bpm 

reaching up to 180 bpm. This segment in the proposed aerobic capacity test showed an 

average of 173 bpm with a maximum of 178 bpm. The behavior expresses similar values 

between both studies.  

Finally, in the running segment of the simulated triathlon, we observed heart rate values 

with a mean above 170 bpm and a maximum slightly above 180 bpm. The proposed test 

in the running segment exhibits mean values of 179 bpm and maximums of 186 bpm, 

suggesting coincidence with the simulated triathlon. These results indicate that the 

MiniTriathlon proposal, scenarios where the presented test materialized, provokes 

similar effects to those of the sprint triathlon from the point of view of heart rate 

behavior.  

The other form of validation used was the contrasted validity. This consists of comparing 

the results of two groups that have come to differ in their daily activity, two groups that 

are known to be different in terms of certain characteristics. This type of empirical 

validity makes it possible to analyse whether the test offers the possibility of 

distinguishing subjects from different populations in terms of the level of development 

of abilities.  

The cycling and running athletes were sampled so small because they were the only 

ones who, in addition to being able to swim, could complete the distance of the swim 

segment and continue with the cycling segment to complete the triathlon. In the graph, 

it can be seen that the upper values in the confidence interval constructed are lower in 
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triathletes compared to other athletes and swimmers show lower values than cyclists 

and runners. This result could be due to the fact that the technical mastery of swimming 

is an important element to be able to perform a triathlon because it allows to complete 

the distance corresponding to this segment with efficiency and, therefore, energy will be 

available to undertake the two subsequent segments. This explains why swimming is 

the main source from which the triathlon is nourished, at least in our country.  

The differences that appear reflected in the behavior of the confidence intervals between 

cyclists and runners could be explained by the fact that, in addition to swimming, the 

runners need to face cycling, an activity to which they are not accustomed because, 

although they can ride a bicycle, the aerodynamic position adopted on the bicycles of 

this sporting specialty demands technical requirements that are typical of the work of 

cyclists. The fact that the runners are not used to adopting this position during the 

cycling segment is an obstacle that affects their time performance.  

This result suggests that the tests developed are specific to triathletes.  

  

CONCLUSIONS  

The distances to be covered by segments in each of the tests were determined, which 

made it possible to devise control procedures based on the time at which the indicators 

began to manifest themselves.  

The tests constructed were submitted to a validation process based on scientific 

methodological criteria established in the specialized literature. The reliability of the 

tests, proven from the stability and concordance, concluded that they were reliable. The 

monitoring of the constructed tests was another element that allowed reaffirming the 

validity of the test by demonstrating that the results obtained in the heart rate in the 

elaborated Mini Triathlons were similar to those achieved during the execution of a 

conventional triathlon.  

Note: The ratio is a binary relationship between quantities, where two quantities are 

compared by their quotient and it can be observed how many times one contains the 

other, as long as the compared quantities have the same unit of measurement. 

Calculating the ratio between the total time in the sprint triathlon and the time taken in 

each segment makes it easier to know how many times the total time of the sprint 

triathlon contains each of the segments.  
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