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 abstract 
 Background:  ‪The purpose of the present study was to describe factor structures to evaluate swimmers' endurance. The 

second aim was to determine 5000m pool velocity (5000Vp) and 5000m open water swimming velocity 
(5000Vow).

 Material and methods:  ‪The study sample comprised 14 swimmers who were candidates for the Turkish Open Water National 
Team (age: 13.78 ±1.21 years; height: 168.06 ±6.67 m; body mass: 59.06 ±7.99 kg). Anaerobic 
threshold, critical swimming speed, and 5000m swimming tests were measured in a pool setting, and 
5000m open water swimming test was measured in sea conditions.

 Results:  ‪Results of the factor analysis show that the effect of 4 cardiorespiratory endurance factors, classified 
as velocity and heart rate (HR), HR and lactate, exercise HR and exercise lactate, were explained at 
89.16% in relation to 5000m open water swimming performance, and the first factor had the greatest 
factor weight and formed 48% of the total variance. Regression coefficients for 5000Vp and 5000Vow were 
found to be R2 = 0.94 and R2 = 0.79, respectively (p < 0.05).

 Conclusions:  ‪These findings suggest the equations of prediction specified in the present study may provide trainers 
with more appropriate tools to evaluate performance in juvenile swimmers.

 Key words:  regression analysis, long distance swimming, anaerobic threshold, critical swimming speed.
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introduction 
The effectiveness of anthropometric, physiological and sport-specific technical 
parameters that play a determining role in swimming performance has long 
been among the frequently studied topics [1, 2]. While these parameters are 
reviewed in the literature, they are evaluated as dependent or independent 
variables. When endurance, which is included in the independent variables of 
physiological parameters affecting swimming performance, is considered as 
endurance performance in swimming, many independent variables appear to 
have an effect on this parameter. These include the heart rate, blood lactate 
levels, swimming speed and the duration of training. Allowing for as much 
explanation as possible of the correlations between the several variables stated 
here and simplifying their sizes set the purpose of the factor analysis. In this 
way, while establishing the structures of the factors through a general factor, 
it is possible to explain the changes in each variable via special factors [3]. The 
literature includes numerous studies which explain relationships and changes 
in swimming performance by using factor analyses. To evaluate the overall 
pattern of endurance in swimming [4], kinematics in swimming [5], specific 
motor skills in water polo [6], a statistical method of factor analysis has recently 
been introduced. However, research to date has not established the actual factor 
structure of aerobic endurance in swimming.

In addition, in determining swimming performance, which is intensively related to 
aerobic and anaerobic parameters that are the components of endurance ability 
[7], data pertaining to these parameters allow for predicting performance at 
different distances to be a sum and facilitate field practices well. Some researchers 
claim that the use of maximal oxygen (VO2max) is more effective in determining 
swimming performance whereas some others believe it is best to use the anaerobic 
threshold (AnT) level [8, 9]. VO2max values, which yield valuable information in 
determining endurance fitness levels and cardio respiratory levels, require a 
highly detailed analysis as they show slight differences during training particularly 
in athletes with high aerobic capacity [10]. Moreover, since the devices used 
for these measurements are costly and require a detailed test procedure, they 
are not considered to be practical. Therefore, as a practical method, AnT values 
(swimming speed at AnT (AnTv), individual lactate level), which define the highest 
exercise intensity where sudden blood lactate accumulations are not observed for 
a long time, are preferred in determining swimming performance. The balance 
among these mechanisms working in relation with each other in sub-maximal 
exercise intensity to the maximal one, together with the failure to provide enough 
oxygen due to the increased exercise load, cause lactic acid production, which 
restricts the contraction performance of the skeletal muscle [11]. In the practical 
use of these metabolic responses to exercise in the field of practice, lactate 
concentrations are used as an important criterion and a prediction method to 
determine endurance performance [12]. This is due to the fact that when the 
working rate is expressed in speed or power units, it is stated that the relationship 
of a working rate at 4mmol of lactate (WRL) with endurance performance is 
stronger than VO2max [13]. Additionally, studies have shown that WRL, work load, 
the maximal working level and endurance performance are strongly correlated 
(r ≥ 0.85) with each other and that endurance performance can be accurately 
predicted over WRL using linear regression [14, 15]. 

However, in addition to the difficulties caused by a water environment in 
lactate measurement, expensive devices and experts in the field are required 
for measurements. As a result of these limitations, several tests have been put 
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into use which are both economical and valid. In this respect, Critical Swimming 
Speed (CSS), which is addressed as one of the anaerobic measurement parameters 
for swimmers, has frequently been used by researchers [16, 17] and trainers 
as well. CSS, defined by Wakayoshi et al. as the maintenance of exercise at the 
highest intensity without exhaustion for a long time [18], corresponds to the 
maximum lactate steady state swimming speed. CSS is calculated as the slope of 
the regression line between the swimming velocity at maximal intensity and the 
corresponding distance [19]. While there are different opinions on the distances 
to be used in CSS calculations, it is envisaged that it should be determined 
using distances of 200 m or more at which exhaustion time is at least 2 min or 
longer [20, 21]. Furthermore, being a criterion related to evaluating aerobic 
trainings in physiological and technical aspects, calculation of such competition 
distances as 200–400 m has been reported to be applicable in reflecting the 
effect of trainings [22]. Costill et al. [23] state that the stroke technique is a 
significant parameter for energy levels spent during swimming which affects 
aerobic performance. Therefore, maintenance of technical parameters such as 
the stroke rate and the stroke length along swimming distances seems to be 
important for performance. Similarly, Dekerle et al. [22] suggest that stroke 
values in 30 min test and speed are also closely related with CSS (r > 0.94) 
and that the stroke lengths obtained in CSS speeds could be maintained during 
this test. With respect to this information, CSS test appears to be a good and 
practical method for trainers to plan more realistic training sessions during 
which training intensity and technique are maintained for the improvement of 
long distances in swimming and to predict the athletes’ performance.

The review of the tests carried out on AnT and CSS in swimming shows that 
these have been associated with distances determined in the pool, but no study 
has been found on an analysis of these parameters and swimming in an outdoor 
environment like open water and on the prediction of performance. Hence, 
the purpose of this study was to describe factor structures of swimmers for 
evaluating endurance and velocity at 5000 m open water swimming (5000Vow) 
in youth long distance swimmers. 

material and methods 
participants 
14 candidate athletes for the Open Water National Team consisting of 9 male and 
5 female healthy and trained athletes (age: 13.78 ±1.21 years; height: 168.06 
±6.67 cm; body mass: 59.06 ±7.99 kg; BMI: 20.83 ±1.61; swimming experience: 
5.21 ±1.15 years) participated in the study. Since no difference in gender was 
found between male and female athletes in the data to be assessed in factor 
analysis and regression analysis, [resting heart rate (HRR), p = 0.060; AnTV, p = 
0.589; anaerobic threshold heart rate (AnThr), p = 0.988; swimming speed at the 
fourth 400 m of anaerobic threshold test (400VR4), p = 0.317; heart rate at the 
fourth 400 m of anaerobic threshold test (400HRR4), p = 0.817; lactic acid level at 
the fourth 400 m of anaerobic threshold test (400LAR4), p = 0.060; CSS, p = 0.351; 
5000Vp, p = 0.352; pool 5000 m swimming heart rates (5000HRp), p = 0.322; 
pool 5000 m swimming lactate (5000LAp), p = 0.147; 5000Vow, p = 0.298; open 
water 5000 m swimming heart beats (5000HRow), p = 0.131; open water 5000 m 
swimming lactate (5000LAow), p = 0.364], participants were not divided by gender 
and they were evaluated as a single group (n = 14). An informative meeting on 
the procedures to be implemented was held with the participating athletes and 
their families 1 week prior to the tests. The athletes and families read and signed 
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voluntary consent forms designed for them separately. The present study was 
confirmed by the Clinical Research Ethics Committee of the Faculty of Medicine 
(Approval No: 09-9.1/10).

experimental design 
The tests were carried out with the athletes taken into the training camp 20 
days after the competition season and, first, the athletes went through physical 
examination by taking their medical history for health controls. The athletes were 
made to finish their breakfast 3 hours before the tests and to be ready at the test 
venues 1 hour before the tests. The AnT test, CSS test, 5000 m pool test (5000p) 
and open water 5000 m (5000ow) test were applied as it is shown on the flow chart 
(Fig. 1) and air, seawater and pool water temperatures were measured as 21°C, 
24°C and 27°C at the time of tests, and all tests were carried out in September. 

Fig. 1. Study flow chart

data collection 
A face to face interview based on the questionnaire was the data collection method. 
Interviews took place in the morning in the working hours of the health centers.

anaerobic threshold test 
The threshold swimming test was conducted at 11:00 a.m. in an Olympic swimming 
pool. Each participant was given the protocol adapted from Wakayoshi et al.’s 
study (1992), which included 4 × 400m intermittent free swimming with 1 minute 
passive rests between them and intensities individually increasing up to the 
maximal ones [24]. Load intensities were determined as the percentages of each 
athlete’s time of individual maximal 400m (T400(max)). In accordance with these 
values, the intensity of the training was increased in each stage as T400(55%), 
T400(75%), T400(90%), T400(max) of T400max respectively. By playing a signal tone at 
times corresponding to the 50m pace of each athlete’s swimming stage, athletes’ 
pace was aligned. Prior to the tests, standardized 600m warm-up protocol was 
implemented. The athletes’ heart rates were telemetrically measured at each 
stage with Polar S810i (Polar Electro, OY, Finland). In addition, immediately 
after each stage, blood was collected from fingertips into 2 heparinized capillary 
hematocrit tubes and then emptied into special protective tubes (anti glycolytic 
and coagulant containing) (YSI 2315, YSI Corp. Incorp., Ohio, USA), which were 
refrigerated (-20°C) until analyses. The values obtained from the measurements 
were used on the lactate performance curve on the metric graph paper as specified 
by Coen et al. [25], and individual anaerobic threshold values were determined. 
Heart rates and swimming speeds fixed at 4 mmol·l-1 lactate concentration were 
calculated using the mathematical interpolation method [26]. In the present 
study, swimming speed corresponding to 4 mmol·l-1 blood LA value was taken as 
the AnTV and heart rate as the AnTHR.
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critical swimming speed test 
2 days after the anaerobic threshold test, maximal front crawl swimming was 
performed at 50m on the first day and 400 m on the second one under the same 
time periods and conditions, and times for 50 m and 400 m were determined. 
CSS was calculated using the values related to both distances [27]. 

determination of the pool and open water swimming 
performances 
5000m swimming tests, one performed in the pool and the other in the open water 
conditions with two days’ interval, were carried out in September at 11.00 o’clock 
in an Olympic swimming pool and the Aegean Sea (Foça), İzmir/Turkey. During the 
open water-swimming test, participants were continuously followed and observed 
by the national team’s trainer and doctor. During 5000 m tests, 2-minute breaks 
were taken at the end of each 1000 m, and the athletes were allowed to intake 
isotonic liquid (250 ml). Heart rate values and blood lactate measurements were 
performed by repeating the procedures followed for the anaerobic threshold test.

statistical analysis 
The critical swimming speed, anaerobic threshold speed, 5000 m pool and 
open water swimming tests measurements were analysed using Statistical 
Package for the Social Sciences Version 15. Conformity of the data with 
normal distribution was tested using the Shapiro-Wilk test and the data was 
also checked with skewness, kurtosis and variation coefficient (CV%) values. 
Central tendency measurements were expressed as mean and standard 
deviation. Principal component factor analysis with direct oblimin oblique 
rotation analysis was done for the factor analysis. For regression analysis, 
the enter multiple regression model was used to determine 5000 m swimming 
velocity in pool and open water conditions from seven independent variables. 
The predictor variables were put in one block; HRR, AnTV, AnTHR, CSS, 400VR4, 
400LAR4 and 400HRR4. Statistical significance was set at p ≤ 0.05.

results 
In the factor analysis, the 5000 m swimming test, the anaerobic threshold test, 
the critical swimming speed test and the resting heart rate were evaluated. The 
principal components analysis was performed on a total of 13 (as an indicator 
of cardiorespiratory endurance) variables including 5000 m swimming speed, 
5000 m heart rate and 5000 m LA level (pool and open water) within 5000 m 
swimming test parameters, anaerobic threshold speed, anaerobic threshold 
heart rate frequency, swimming speed at the 400th m of the anaerobic threshold 
test, heart rate and lactic acid level within anaerobic threshold test parameters, 
critical swimming speed and the resting heart rate frequency. 

To check the sufficiency of the sample, the Kaiser-Mayer-Olkin test (KMO) was 
conducted, and the measurement level of 0.609 was determined. Bartlett’s test 
for sphericity was found to be statistically significant (Chi-Square 177.633,  
p = .000), and the data were found to be suitable for factorization.

The data were determined to be relevant for factor extraction analysis by 
performing correlation analysis and checking outlier data. As a result of the 
Principal Component Analysis (PCA), an r ≥ 0.30 level of correlation was found 
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in more than one pair of the 13 data in the correlation analysis (Table 2). Among 
the variables, outlier data were found in the AnTHR variable of only 1 subject.

Table 1. Descriptive statistics of the variables

Variable (unit) Mean SD CV% Min Max S-W Skewness Kurtosis

HRR (bpm) 74.28 6.50 8.75 62.00 80.00 0.81 -1.04 -0.32

AnTV (m·s-1) 1.23 0.08 6.50 1.09 1.36 0.95 -0.04 -0.88

AnTHR (bpm) 169.64 6.77 3.99 158.00 181.00 0.94 -0.27 -0.16

400VR4 (m·s-1) 1.28 0.08 6.25 1.12 1.43 0.96 -0.37 -0.49

400HRR4 (bpm) 189.35 8.05 4.25 180.00 203.00 0.90 0.20 -1.40

400LAR4 (mM) 8.65 2.17 25.08 5.05 12.36 0.97 0.05 -0.76

CSS (m·s-1) 1.33 0.08 6.01 1.19 1.50 0.98 0.01 0.14

5000Vp (m·s-1) 1.15 0.09 7.82 1.00 1.34 0.97 0.10 -0.51

5000HRp (bpm) 163.65 7.34 4.48 149.40 172.00 0.90 -0.65 -0.26

5000LAp (mM) 2.53 0.95 37.54 1.34 4.14 0.92 0.39 -0.95

5000Vow (m·s-1) 0.99 0.06 6.06 0.84 1.06 0.81 -1.55 2.13

5000HRow (bpm) 166.08 11.55 6.95 150.00 187.00 0.95 0.20 -0.72

5000LAow (mM) 2.95 1.05 35.59 1.56 4.86 0.93 0.26 -1.20
S-W: Shapiro-Wilk test, HRR: resting heart rate, AnTV: anaerobic threshold velocity, AnTHR: anaerobic threshold heart 
rate, 400VR4: swimming velocity of the fourth 400 m of the anaerobic threshold testing, 400HRR4: heart rate of 400 m of 
the fourth anaerobic threshold testing, 400LAR4: lactic acid level of the fourth 400 m of the anaerobic threshold testing, 
CSS: critical swimming speed, 5000Vp: 5000m swimming velocity in pool, 5000HRp: 5000m swimming heart rate in pool, 
5000LAp: 5000m swimming lactate in pool, 5000Vow: 5000m swimming velocity in open water, 5000HRow: 5000m swimming 
heart rate in open water, 5000LAow: 5000m swimming lactate in open water

Table 2. Correlation matrix of all variables

HRR 5000HRp 5000Vp 5000LAp AnTV AnTHR CSS 400HRR4 400VR4 400LAR4 5000HRow 5000Vow

HRR

5000HRp -.118

5000Vp -.606 .143

5000LAp
-.307 .443 .444

AnTV -.584 -.124 .843 .057

AnTHR -.294 -.336 -.150 -.642 .183

CSS -.685 .035 .971 .313 .887 -.030

400HRR4
-.006 .239 -.358 -.331 -.375 .387 -.306

400VR4 -.683 -.078 .885 .095 .938 .128 .957 -.239

400LAR4
-.059 .163 .229 .277 -.014 -.333 .247 .211 .194

5000HRow .797 -.015 -.705 -.064 -.800 -.223 -.779 .170 -.845 -.104

5000Vow -.453 -.074 .833 .196 .866 -.103 .884 -.334 .902 .360 -.638

5000LAow -.239 .279 .520 .520 .205 -.573 .529 -.180 .400 .723 -.222 .542

S-W: Shapiro-Wilk test, HRR: resting heart rate, AnTV: anaerobic threshold velocity, AnTHR: anaerobic threshold heart 
rate, 400VR4: swimming velocity of the fourth 400 m of the anaerobic threshold testing, 400HRR4: heart rate of 400 m of 
the fourth anaerobic threshold testing, 400LAR4: lactic acid level of the fourth 400 m of the anaerobic threshold testing, 
CSS: critical swimming speed, 5000Vp: 5000m swimming velocity in pool, 5000HRp: 5000m swimming heart rate in pool, 
5000LAp: 5000m swimming lactate in pool, 5000Vow: 5000m swimming velocity in open water, 5000HRow: 5000m swim-
ming heart rate in open water, 5000LAow: 5000m swimming lactate in open water

4 factors were found to have Eigen values over 1 in the PCA. The first factor 
explains 48% of the total variance, the second factor explains 20.90%, the third 
one 11.38% and the fourth factor explains 8.86% of it. All four factors together 
explain 89.16% of the total variance. In addition, 4 factors were analysed for 
the result of visual observation of the scatter plot graph. 
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The four-component solution explained 89.16% of the total variance. A direct 
oblimin oblique rotation was employed to aid interpretability. Under the first 
factor, variables 400VR4 (.963), AnTV (.940), CSS (.922), 5000HRow (-.922), 5000Vp 
(.853), HRR (-.832) and 5000Vow (.787) have the greatest factor weight and 
these variables could be called the velocity and HR factor. Under the second 
factor, variables 5000HRp (.871) and 5000LAp (.723) have the greatest factor 
weight, and they can be called the HR and lactate factor. In the third factor, 
the variables having the greatest factor weight are 400HRR4 (.930) and AnTHR 
(.628), which can be called the exercise HR factor. Under the fourth factor, on 
the other hand, 400LAR4 (.974) and 5000LAow (.769) are the variables with the 
greatest factor weight, and they could be called the exercise lactate factor. 
Component loadings and communalities of the direct oblimin rotation are 
presented in Table 3.

Table 3. Rotated structure matrix for PCA with the direct oblimin rotation method of four components

Rotated Component Coefficients

C1 C2 C3 C4 Communalities

400VR4 .963 -.139 -.153 .128 .818

AnTV .940 -.176 -.147 -.903 .783

CSS .922 .302 -.114 .164 .922

5000HRp -.922 -.434 -.140 .890 .843

5000Vp .853 .157 -.221 .124 .941

HRR -.832 -.339 -.270 .181 .894

5000Vow .787 -.212 -.176 .363 .968

5000HRow -.024 .871 .180 .298 .906

5000LAow .102 .723 -.436 .102 .979

400HRR4 -.187 .101 .930 .230 .914

AnTHR .304 -.361 .628 -.405 .832

400LAR4 .320 -.234 .252 .974 .909

5000LAp .233 .190 -.152 .769 .882
S-W: Shapiro-Wilk test, HRR: resting heart rate, AnTV: anaerobic threshold velocity, AnTHR: anaerobic threshold heart 
rate, 400VR4: swimming velocity of the fourth 400 m of the anaerobic threshold testing, 400HRR4: heart rate of 400 m of 
the fourth anaerobic threshold testing, 400LAR4: lactic acid level of the fourth 400 m of the anaerobic threshold testing, 
CSS: critical swimming speed, 5000Vp: 5000m swimming velocity in pool, 5000HRp: 5000m swimming heart rate in pool, 
5000LAp: 5000m swimming lactate in pool, 5000Vow: 5000m swimming velocity in open water, 5000HRow: 5000m swimming 
heart rate in open water, 5000LAow: 5000m swimming lactate in open water. Note: major loadings for each item are bolded.

Table 4. Summary of multiple regression analysis for variables predicting velocity of 5000 m 
swimming in pool and open water conditions

Dependent 
variable

Independent 
variable B SEB B

5000Vp

Constant -0.188 0.405
HRR 0.00069 0.002 0.047
AnTV 0.01905 0.199 0.017
AnTHR -0.00154 0.001 -0.110
CSS 1.148 0.239 0.986*

5000Vow

Constant 0.0046 0.485
HRR 0.00187 0.002 0.198
AnTV 0.349 0.238 0.472
AnTHR -0.00103 0.001 -0.114
CSS 0.448 0.286 0.598

*p < .05, B: unstandardized regression coefficient, SEB: standard error of the coefficient,
β: standardized coefficient. 5000Vp: 5000m swimming velocity in pool, 5000Vow: 5000m swimming velocity in open water, 
HRR: resting heart rate, AnTV: anaerobic threshold velocity, AnTHR: anaerobic threshold heart rate, CSS: critical swimming 
speed, these models correct predicting rate 95.9% on pool and 79.6% on open water conditions.
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The enter multiple regressions was run to predict 5000Vp and 5000Vow from 
7 independent factor variables [predictors (one block): HRR, AnTV, AnTHR, 
CSS, 400VR4, 400LAR4 and 400HRR4)]. In order to check the linearity between the 
dependent and independent (predictors) variables, the partial regression plots 
was examined; the partial regression plots show linearity in HRR, AnTV, AnTHR, 
CSS and 400VR4 variables with 5000Vp, but non-linearity was found with the 400LAR4 
and 400HRR4, and these two predictor variables were excluded from the analysis. 
Then variable 400VR4 was excluded from the analysis due to the multicollinearity 
problem. The test for independence of observations was statistically computed 
with the Durbin-Watson test. The Durbin-Watson statistics for these analyses was 
1.693 for 5000Vp and 1.136 for 5000Vow, while it can be accepted that there was 
independence of errors (residuals). The homoscedasticity assumption was tested 
and the residuals equally spread over the predicted values of the dependent 
variables (5000Vp and 5000Vow). Also, there were no outliers, high leverage points 
(means 0.285) and there were not any high influential (Cook’s distance) points 
(<1) in the 14 cases, and the distribution was approximately normal (5000Vp 
and 5000Vow) in the P-P and Q-Q Plots. 

The results of the enter multiple regression analyses (regression coefficients 
and standard errors) for 5000Vp and 5000Vow are presented in Table 4 with 
four predictor variables (HRR, AnTV, AnTHR, CSS). These variables statistically 
significantly predicted 5000Vp; F(4, 9) = 52.901, p < .0005, adj.R2 = 0.94, and 
5000Vow; F(4, 9) = 13.707, p < .001, adj.R2 = 0.79.

Table 4. Summary of multiple regression analysis for variables predicting velocity of 5000 m 
swimming in pool and open water conditions

Dependent 
variable

Independent 
variable B SEB B

5000Vp

Constant -0.188 0.405
HRR 0.00069 0.002 0.047
AnTV 0.01905 0.199 0.017
AnTHR -0.00154 0.001 -0.110
CSS 1.148 0.239 0.986*

5000Vow

Constant 0.0046 0.485
HRR 0.00187 0.002 0.198
AnTV 0.349 0.238 0.472
AnTHR -0.00103 0.001 -0.114
CSS 0.448 0.286 0.598

*p < .05, B: unstandardized regression coefficient, SEB: standard error of the coefficient,
β: standardized coefficient. 5000Vp: 5000m swimming velocity in pool, 5000Vow: 5000m swimming velocity in open water, 
HRR: resting heart rate, AnTV: anaerobic threshold velocity, AnTHR: anaerobic threshold heart rate, CSS: critical swimming 
speed, these models correct predicting rate 95.9% on pool and 79.6% on open water conditions.

The general form of the equations to predict 5000Vp and 5000Vow from HRR, 
AnTV, AnTHR and CSS were as follows (from the coefficients, Table 4); linear 
regression line and confidence and prediction intervals were shown in scat-
ter plot graph (Fig. 2).

The results of the linear regression analyses (regression coefficients and 
standard errors) for 5000Vp and 5000Vow are provided in Table 5 with the CSS 
predictor variable. This variable statistically significantly predicted 5000Vp; 
F(1, 12) = 199.706, p < .0005, adj.R2 = 0.94, and 5000Vow; F(1, 12) = 42.885, 
p < .0005, adj.R2 = 0.76.
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Fig. 2. Scatter plot of the observed and predicted 5000Vp (A) and 5000Vow (B)

Predicted 5000Vp = -0.188 + (0.00069 x HRR) + (0.01905 x AnTV) - (0.00154 x AnTHR) + (1.148 x CSS)
Predicted 5000Vow = 0.0046 + (0.00187 x HRR) + (0.349 x AnTV) - (0.00103 x AnTHR) + (0.448 x CSS)

Table 5. Summary of linear regression analysis for variable predicting velocity of 5000m swimming 
in pool and open water conditions

Dependent 
variable

Independent 
variable B SEB B

5000Vp

Constant -0.353 0.107
CSS 1.131 0.080 0.971*

5000Vow

Constant 0.111 0.136
CSS 0.663 0.101 0.884*

*p < .05, B: unstandardized regression coefficient, SEB: standard error of the coefficient,
β: standardized coefficient. 5000Vp: 5000m swimming velocity in pool, 5000Vow: 5000m swimming velocity in open water, 
HRR: resting heart rate, AnTV: anaerobic threshold velocity, AnTHR: anaerobic threshold heart rate, CSS: critical swimming 
speed, these models correct predicting rate 95.9% on pool and 79.6% on open water conditions.

The general form of the equations to predict 5000Vp and 5000Vow from CSS was 
as follows (from the coefficients, Table 5):

Predicted 5000Vp = -0.353 + (1.131 x CSS)
Predicted 5000Vow = 0.111 + (0.663 x CSS)

discussion 
To our knowledge, the prediction of long distance swimming performance (i.e. 
5000m swimming) using physiological variables and CSS in swimmers aged 
12–15, has never been performed yet. Moreover, no study can be found in the 
literature examining and determining the factors that affect long-distance 
swimming in juvenile swimmers. 

The main findings of the present study show that the resting heart rate, the 
anaerobic threshold velocity, the anaerobic threshold heart rate and the critical 
swimming speed parameters can be used to predict performances in 5000Vp 
and 5000Vow. In addition, they reveal that 5000Vp and 5000Vow performances 
can be predicted at better levels by using only CSS values as a more practical 
method to predict results.

The current findings demonstrate a medium to strong correlation between HRR, 
AnTV, AnTHR, CSS and 5000-m open water and indoor swimming performances 
in swimmers aged 12–15, which is in agreement with previous researchers 
who found a strong relationship between swimming velocity at the anaerobic 
threshold, the anaerobic heart rate and endurance performance, which are 
important for the assessment of swimming performance [28, 29] and are better 
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predictors of performance in long distance events than VO2max [28, 30]. However, 
depending on the competition tactics, tempo increases in the last parts or other 
periods of the competition cause lactate levels to rise, and the data obtained 
from these show that the athletes complete the competition at close to the 
anaerobic threshold levels [31]. Studies show that the lactate threshold variables 
and swimming speeds that correspond to 4 mmol·L-1 lactate concentration are 
closely related in explaining the aerobic endurance development in swimming 
and determining the athletes’ future performances [32]. Relationships between 
speeds corresponding to the lactate threshold and performance can also be 
found in the studies carried out by Olbrecht et al. [14] with 30-minute swimming 
performances of swimmers as well as those by Barlow et al. [33] carried out with 
cyclists and by Tanaka et al. [34] with runners. In this respect, the anaerobic 
threshold parameters we assessed were similarly found to have medium and 
strong correlations with 5000m performances (r-values ranging from 0.453 to 
0.884). Moreover, the factor analysis carried out to determine the parameters 
affecting endurance performance in open water swimming supports these 
studies. At the end of the factor analyses, the effect of 4 cardiorespiratory 
endurance factors classified as velocity and HR, HR and lactate, exercise HR 
and exercise lactate was explained at 89.16% in relation with 5000m open water 
swimming performance. 400VR4 (.963), AnTV (.940), CSS (.922), 5000HRow (-.922), 
5000Vp (.853), HRR (-.832), 5000Vow (.787) variables under the first factor had 
the greatest factor weight and formed 48% of the total variance. Quantitative 
data indicated that endurance performance was more sensitive to changes in 
speed variables in swimming. In accordance with the findings obtained from 
the present study and other studies, variables of speed corresponding to the 
anaerobic threshold level and the heart rate are the most appropriate and valid 
parameters to predict endurance performance. Supporting this finding, Faude et 
al. [10] state in their review that the concept of lactate threshold can be used as 
the gold standard of predicting endurance performances in future competitions. 

Rocker et al. [35] suggest that longer distances in competitions tend be more 
predictive than variables describing performance in comparison with shorter 
distances, and fewer parameters are needed in determining the predictive 
model. In this respect, the use of CSS in performance predictions of different 
activities [36, 37] and, like in this study, in determining the swimmers’ 
cardiorespiratory fitness levels in an approximately 73-minute swim in 5000m 
open water will yield valid results. Moreover, the strong correlation of CSS with 
5000Vp and 5000Vow obtained in this study and the fact that it is found in the 
first factor, which affects 5000m endurance performance the most, show that 
critical velocity can be used as a valid variable in predicting 5000m endurance 
performance in open water swimmers aged 12–15. 

conclusions 
According to the findings of this study, equations from HRR, AnTV, AnTHR, CSS 
(R2 = 0.94 for 5000Vp, R2 = 0.79 for 5000Vow) and equations from CSS (R2 = 0.94 
for 5000Vp, R2 = 0.76 for 5000Vow) can be applied for the prediction of 5000Vp and 
5000Vow swimming performance in juvenile open water swimmers. Performance 
differences of 0.4% and 0.8% in Olympic swimmers [38] and less than 1.4% in 
elite senior swimmers [39] observed between the competitions in which they 
participate show that swimmers need changes of as little as 0.5% for a chance 
of a medal and, therefore, all benefits which could be created in performance 
must be calculated in their finest detail. For this reason, the hypothesis that a 
combination of variables from different physiological categories would predict 
better performance variables from the same category was not supported.
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practical applications 
Methods of prediction specified in the current study may be further strengthened 
with measurement of technical skill parameters, whilst additional physical and 
physiological variables may provide a holistically comprehensive approach 
when identifying juvenile swimmers who possess the potential for success in 
open water swimming. In addition, the present study may provide trainers 
with important information about the swimmers’ training development and 
performance with very simple, cheap and practical methods. 
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