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Abstract 

The aim of this study was to determine the effect of interval training on the athletic 

performances of 9-12 years old swimmers in addition to the eight-week preparation stage. 

Athletes were split into two groups as the ones with performing branch specific swimming 

training (n=9) and the ones with performing interval training along with swimming training 

(n=11). Before and after training programs, 12-minutes Cooper test was applied to determine 

aerobic endurance in both groups. Wingate test was used for anaerobic measurements. 

Respiratory functions measurements were done with Spirometer. According to the results, 

level of body weight, body mass index, VO2max, relative maximum strength, relative 

anaerobic capacity, forced vital capacity and maximum voluntary ventilation was found to be 

insignificant between groups (p>0.05) while vital capacity and forced expiratory volume 

values were found to be significant between groups (p<0.05). Two-way analysis of variance 

was used in statistical analysis of the data obtained in this study. When measurement times 

were compared, body weight, forced vital capacity, forced expiratory volume, vital capacity 

and maximum voluntary ventilation values were found as insignificant (p>0.05), yet body 

mass index, VO2max, relative maximum force and relative anaerobic capacity levels were 

found to be significant (p<0.05). In conclusion, while body mass of athletes was reduced by 

3.55% with interval training made in addition to swimming training, increase in forced vital 

capacity and forced expiratory volumes of athletes were determined as 1.35% and 8.79%, 

respectively. This result shows that interval training performed during preparation stage affect 

the performance of child athletes. 

Keywords: Interval training, aerobic endurance, anaerobic capacity, anaerobic force, 

respiratory functions 
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Introduction 

Trainers, conditioning coaches, and sports scientists are constantly searching new training 

methods to improve the performance of athletes (Issurin, 2010). Searching is usually aimed to 

improve aerobic capacity because improving aerobic capacity requires substantially long time 

and hard effort (Akgul et al., 2017). The American College of Sports Medicine (ACSM) 

(2011) reports that at least 45-50 minutes of endurance training per each session and repeated 

at least 3 times per week for 8 to 12 weeks is required for aerobic capacity development.  

Continuous endurance training increase performance in aerobic energy metabolism-based 

functions. Gibala (2007) reported that high-intensity interval training (HIIT), which has been 

adequately applied for at least a few weeks, increases oxygen uptake and activity of energy-

producing mitochondrial enzymes in skeletal muscles. Therefore, interval training methods 

are one of the most effective performance improving the method. Interval training means 

repetition of various training at regular intervals. Characteristic of interval training is the 

systematical changes in training and recovery (Revan et al., 2008). The recovery here does not 

mean a complete rest. Therefore, it means enhancing fatigue resistance in order to improve 

the capacity of the intended endurance performance in the training (Demiriz, 2013). 

In swimming, moves made out of water called “land training” and the purpose is to improve 

athlete’s physical suitability. Land training should be performed before water training that 

should also support land training. Land training can be performed with athlete’s own body 

weight or use various special equipment (Devirmenci and Karacan, 2017). In this context, the 

purpose of this research is to demonstrate the effect of basic strength (running) training, 

performed on the land during the general training period, on the athletic performance 

parameters of the 9-12 age swimmers, except for the general endurance work in the pool 

during the general preparation period. 

 

Materials and Methods 

Participants 

22 voluntary athletes from Gazi University Sports club swimming team participated in the 

study. Participants were randomly split into two groups. Experimental group practiced 

interval training in addition to pool training while control group practiced routine pool 

training. The study was completed with 20 volunteers due to quitting of two participants in 

the control group. 

Measurement methods and tests 

All tests were carried out at Gazi University Physical Education and Sports College, 

Physiology Laboratory and Gazi University Sports Club football field. The athletes and their 

parents were given preliminary information about the measurement methods and tests to be 

applied to the study groups, and a voluntary consent form was obtained. 

Height and weight measurement 

The height of the subjects (m) was measured with an anthropometric set (Holtain brand), with 

bare feet, legs flat on the ground, heels adjacent, knees tense, and body in a vertical position 

with a sensitivity of 1 mm. Body weight (kg) was measured with bare feet, shorts, and T-shirt 

using an electronic scale (Tefal brand) with a setting accuracy of 100 gr. 
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Determination of maximum heart rates 

Maximum heart rates of all participants were measured with using Karvonen method. Target 

pulse is calculated as [((220 - Resting pulse) - age)*intensity of training + resting pulse] 

Aerobic capacity 

It is asked from groups to run the longest distance that can last for 12 minutes at the beginning 

and end of an 8-week training period. Every running lap of athletes was recorded. The 

formula to determine aerobic capacity in 12-minutes Cooper test is as follows: VO2max: 

(Running distance (m) - 504.9)/44.73 

Anaerobic strength 

Wingate (Monark Wingate Testing Ergometer 849E) anaerobic strength test was applied to 

the participants as preliminary and final test in Gazi University Physical Education and Sports 

College, Physiology Laboratory. The maximum anaerobic power and mean anaerobic power 

obtained at the end of the test were divided by body weight and the results were recorded as 

relative anaerobic strength and relative anaerobic capacity. 

Respiratory functions measurements 

(COSMED Pony FX Desktop Spirometer) device was used to measure respiratory functions 

to the participants as preliminary and final test in Gazi University Physical Education and 

Sports College, Physiology Laboratory. Forced vital capacity (FVC), forced expiratory 

volume (FEV), vital capacity (VC) and maximum voluntary ventilation (MVV) values were 

recorded from the data obtained. 

Experimental design  

Groups trained for 6 days per week in order to equate the number of training. Experimental 

groups practiced swimming training for three days and practiced running interval training at 

60-80% intensity following three days while control group practiced routine swimming 

training for six days. Athlete’s heart rates intervals were personally determined and their heart 

rates were kept at reference interval using polar watches. Eight week-long interval training in 

addition to routine swimming training were given to experimental group were shown in the 

table below. 

 

 

Distance/Week 1-2 week 3-6 week 7-8 week 

250 m 

-1 min active rest was 

provided between 

distances. 

-One set was done. 

-Cooling exercise was 

done for 5-10 min. 

-1 min active rest was 

provided between 

distances. 

-2 sets were done 

-Cooling exercise was 

done for 5-10 min. 

-1 min active rest was 

provided between 

distances 

-3 sets were done. 

-Cooling exercise was 

done for 5-10 min. 

400 m 

650 m 

900 m 

650 m 

400 m 

250 m 
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Statistical Analysis 

Data were analyzed using SPSS package software. Percentage difference between 

measurement times was calculated using the formula: “Δ%= (Final test – Preliminary 

Test)/Preliminary Test × 100” and Two-way analysis of variance (Group X Time) were used 

to compare the data obtained in this study. Confidence interval and significance level were 

determined as 95% and p<0.05, respectively. 

 

Results 

The average age of the athletes participating in the experimental group was determined as 

10.64 0.51 years and their average height was 150.557.34 cm. The mean age of the control 

group was determined as 10.78 0.44 years and the mean height as 153.677.04. 

 

Table 1. Comparison of body weight values based on different training types and measurement times. 

**p<0.001; kg: kilogram 

When Table 1 was examined, it was determined that mean values of preliminary test and final 

test body weights did not show any statistical significance with time (F=0.000; p=0.987). 

Furthermore, body weight values did not show statistical significance compared to training 

types (F=0.118; p=0.735). Additionally, interaction between training types and measurement 

times were found to be significant (F=26.004; p=0.001). Accordingly, it is found that body 

weights’ mean of experimental group decreased by 3.55% and body weights’ mean of control 

group increased by 3.32%. 

 

 

 

 

 

 

 

 

 

 

Variables N 

Preliminary 

test 

(kg) 

Final Test 

(kg) 

Total 
F p 

  SS   SS   SS 

Experimental 

Group 
11 40.828.84 39.278.63 40.052.30 

0.118 0.735 

Control Group 9 40.445.81 42.006.24 41.222.54 

Total 20 40.657.44 40.507.58    

  F=0.000; p=0.987    
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Table 2. Comparison of Body Mass Index values based on different training types and measurement 

times. 

*p<0.05; kg: kilogram; m: meter 

When Table 2 was examined, it was determined that mean values of preliminary test and final 

test body mass index showed statistical significance with time (F=5.389; p=0.032). Moreover, 

body mass index values did not show statistical significance compared to training types 

(F=0.317; p=0.580). Also, the interaction between training types and measurement times were 

found to be insignificant (F=3.477; p=0.079).  
 

Table 3. Comparison of Aerobic endurance (VO2max) values based on different training types and 

measurement times. 

**p<0.01; ml: milliliter; kg: kilogram; min: minute 

When Table 3 was examined, it was determined that mean values of preliminary test and final 

test VO2max showed statistical significance with time (F=23.295; p=0.001). Besides, VO2max 

values did not show statistical significance compared to training types ((F=0.687; p=0.418) In 

addition to that, interaction between training types and measurement times were not found to 

be significant (F=0.650; p=0.431).  

 
 

 

 

 

 

 

Variables N 

Preliminary 

test  (kg/m
2
) 

Final Test 

(kg/m
2
) 

Total 
F P 

  SS   SS   SS 

Experimental 

Group 

11 18.212.45 17.702.35 17.960.63 
0.317 0.580 

Control Group 9 17.461.74 17.401.53 17.430.69 

Total 20 17.872.14 17.571.98    

  F=5.389; p=0.032*    

Variables N 

Preliminary 

test 

(ml/kg/min) 

Final Test 

(ml/kg/min) 
Total 

F p 

  SS   SS   SS 

Experimental 

Group 

11 39.125.90 42.974.25 41.051.64 
0.687 0.418 

Control Group 9 37.646.15 40.396.33 39.021.82 

Total 20 38.455.90 41.815.30    

  F = 23.295; p = 0.001 **    
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Table 4. Comparison of Relative anaerobic strength (Relative peak strength) values based on different 

training types and measurement times 

**p<0.01; W: Watt; kg: kilogram 

When Table 4 was analyzed, it was determined that mean values of preliminary test and final 

test of relative anaerobic strength values showed statistical significance with time (F=17.428; 

p=0.001). Furthermore, relative anaerobic strength values did not show statistical significance 

compared to training types (F=2.359; p=0.142). Additionally, interaction between training 

types and measurement times were found to be insignificant (F=3.025; p=0.099). 

 
Table 5. Comparison of Relative anaerobic capacity (Relative mean strength) values based on 

different training types and measurement times 

**p<0.01; W: Watt; kg: kilogram 

When Table 5 was analyzed, it was determined that mean values of preliminary test and final 

test of relative anaerobic capacity values showed statistical significance with time (F=25.969; 

p=0.001). Further, relative anaerobic capacity values did not show statistical significance 

compared to training types (F=2.359; p=0.142). Additionally, the interaction between training 

types and measurement times were found to be insignificant (F=3.059; p=0.097).  

 

 

Variables N 

Preliminary 

test 

(W×kg
-1

) 

Final Test 

(W×kg
-1

) 

Total 

F p 

  SS   SS   SS 

Experimental 

Group 

11 7.321.03 7.731.05 7.530.36 
2.359 0.142 

Control Group 9 7.851.44 8.841.46 8.340.39 

Total 20 7.561.23 8.231.34    

  F=17.428; p=0.001**    

Variables N 

Preliminary 

test 

(W×kg
-1

) 

Final Test 

(W×kg
-1

) 

Total 
F p 

  SS   SS   SS 

Experimental 

Group 

11 5.620.70 5.990.83 5.810.26 
3.251 0.088 

Control Group 9 6.121.01 6.871.02 6.500.28 

Total 20 5.850.87 6.381.00    

  F=25.969; p=0.001**    
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Table 6. Comparison of Forced vital capacity values based on different training types and 

measurement times 

*p<0.05; L:Liters; Sec:Second 

When Table 6 was analyzed, it was determined that mean values of preliminary test and final 

test of forced vital capacity values were insignificant with time (F=0.000; p=0.999). Further, 

forced vital capacity values showed statistical significance compared to training types 

(F=5.796; p=0.027). Hence, increase in forced vital capacity in experimental groups was 

1.35% higher compared to control group. In addition to this, the interaction between training 

types and measurement times were found to be insignificant (F=0.279; p=0.604).  

 

Table 7. Comparison of forced expiratory volume values based on different training types and 

measurement times 

*p<0.05; L:Liters; Sec:Second 

When Table 7 was analyzed, it was determined that mean values of preliminary test and final 

test of forced expiratory volume values were insignificant with time (F=0.329; p=0.573). 

Moreover, forced expiratory volume values showed statistical significance compared to 

training types  (F=5.980; p=0.025). Therefore, increase in forced expiratory volumes in the 

experimental group was higher (8.79%) than the control group. Additionally, interaction 

between training types and measurement times were found to be insignificant (F=0.853; 

p=0.368).  

 

 

Variables N 

Preliminary 

test (L/Sec) 

Final Test 

(L/Sec) 

Total 
F p 

  SS   SS   SS 

Experimental 

Group 

11 2.210.38 2.240.46 2.230.12 
5.796 0.027* 

Control Group 9 2.640.47 2.670.36 2.662.38 

Total 20 2.420.46 2.420.47    

  F=0.000; p=0.999    

Variables N 

Preliminary 

test (L/Sec) 

Final Test 

(L/Sec) 

Total 
F p 

  SS   SS   SS 

Experimental 

Group 

11 2.160.32 2.350.40 2.260.12 
5.980 0.025* 

Control Group 9 2.550.47 2.610.39 2.580.13 

Total 20 2.340.43 2.350.45    

  F=0.329; p=0.573    
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Table 8. Comparison of vital capacity values based on different training types and measurement times 

L: Liter; Sec: Second 

When Table 8 was examined, it was determined that mean values of preliminary test and final 

test of vital capacity values showed no statistical significance with time (F=0.000; p=0.986). 

Furthermore, forced expiratory volume values did not show statistical significance compared 

to training types (F=1.607; p=0.221). Additionally, the interaction between training types and 

measurement times were found to be insignificant (F=0.682; p=0.420). 

 

Table 9. Comparison of maximum voluntary ventilation values based on different training types and 

measurement times 

**p<0.01; L: Liter; Sec: Second 

When Table 9 was examined, it was determined that mean values of preliminary test and final 

test of maximum voluntary ventilation values showed no statistical significance with time 

(F=18,000; p=0.100). Moreover, maximum voluntary ventilation values did not show 

statistical significance compared to training types (F=3,971; p=0.062). Additionally, 

interaction between training types and measurement times was found to be significant 

(F=18.000; p=0.006). Therefore, maximum voluntary ventilation is a variable that can change 

based on training types and durations. 

 

 

 

Variables N 

Preliminary 

test (L/Sec) 

Final Test 

(L/Sec) 

Total 
F p 

  SS   SS   SS 

Experimental 

Group 

11 1.820.48 1.920.59 1.870.15 
1.607 0.221 

Control Group 9 2.110.41 2.210.76 2.160.17 

Total 20 2.010.45 2.000.68    

  F=0.000; p=0.986    

Variables N 

Preliminary 

test (L/Sec) 

Final Test 

(L/Sec) 

Total 
F p 

  SS   SS   SS 

Experimental 

Group 

11 78.9819.85 95.9617.07 87.476.02 
2.971 0.362 

Control Group 9 90.0622.04 100.6723.65 95.366.66 

Total 20 83.9721.07 87.0823.40    

  F=18.000; p=0.100    
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Discussion and Conclusion  

The main purpose of this study was to investigate whether there is an effect of interval 

training in addition to eight-week preparation stage swimming training on athletic 

performances of 9-12 years old swimmers. 

Longitudinal studies in literature reported that when body weight values before training 

program and the values after training are compared, decrease (p<0.01) and increase (p<0.05) 

in body weights were found to be significant (Al Abdilh and Savas, 2017; Koc, 2010; Yuksel 

et al., 2007; Kiyici, 2009). Al-Abdilh and Savas (2017) reported that the Body Mass Index 

variable was statistically different from the results of the different type of endurance training 

measurements applied to young basketball players. Demirel et al. (2017) found that there was 

no statistical difference between body mass index values of experimental and control groups 

in their study which consists of elite wrestlers for examining the effect of aerobic and 

anaerobic training program on body composition. Gokhan et al. (2011) found that there was 

no significant difference between preliminary test values (25.2±3.3 kg/m2) and final test 

values (24.3±2.8 kg/m2). Yapici et al. (2017) reported in their study that the analysis of 

preliminary and final test values of the group performing the training with liquid fortification 

did not yield a statistically significant result in the body mass index; The results of the 

analysis of the preliminary and final test values of the group performing the training without 

receiving liquid fortification have reached a statistically significant results. According to 

experimental results, it was identified that body weight mean of experimental group decreased 

by 3.55%, meanwhile mean body weight of control group increased by 3.32%. Additionally, 

there was no significant difference between mean body mass indexes (p>0.05). 

Cimen et al. (2017) have reported that regular and gradually increasing intensity of aerobic 

training can increase VO2max levels. Revan (2007) found that whenVO2max values were 

compared before and after regular training, there were statistically significant differences in 

groups with performing continuous and interval running, yet control groups Akgul et al. 

(2016) observed significant increases in VO2max   (4.44%), VO2peak (8.09%) and exhaustion 

period (7.4%) at the end of 2 weeks. Moreover, Revan et al. (2008) found that the continuous 

running method is more effective than the interval running method in decreasing body weight, 

and both methods show similar positive effects in decreasing body fat percentage and 

improving aerobic capacity in the 8-week study they performed. According to our results, 

even though significant difference detected between measurement times of eight week-long 

training, there was no significant difference between groups. 

Calculation of anaerobic strength and capacity per kg provides more reliable comparison in 

evaluation among individuals. Anaerobic strength and capacity values of participants who 

enrolled in this study were compared. Although the significant difference between 

measurement times of eight week-long training was detected, there was no significant 

difference between groups. Alemdaroglu et al. (2008) found no statistically significant 

difference between peak strength (PS) and mean strength (MS) in values of strength variables 

obtained from WanT.  Colakoglu and Karacan (2016) found a statistically significant increase 

in anaerobic strength values of young and middle-aged women. In another study, they 

reported that 12-week table tennis practice made a significant difference in anaerobic strength 

values (Akgon and Agirbas, 2015). In the study performed by Erim (2006) to examine the 

effect of certain parameters on the performance of 8-week rapid-force and weighted training 

programs in the male table tennis players, it was found that there was no significant increase 

in the anaerobic strength values of both groups. Demiriz et al. (2015) reported improved 
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anaerobic capacities in the study named as the effect of anaerobic interval training in different 

resting intervals on aerobic capacity, anaerobic threshold, and blood parameters. 

Atan et al. (2013) reported that swimmers had the best forced vital capacity values compared 

to other branches in their study that compares respiratory functions of athletes who deals with 

other branches in star categories (Atan et al., 2013). Gokhan et al. (2011) found that 

measurement of forced vital capacity values in final test significantly increased in respect to 

before training measurements when measured values after training compared with measured 

values before training in an experimental group. Increase in forced vital capacity values was 

significant when the first measurement before training compared to the second measurement 

after training in the study which investigated the effect of Koc (2010) aerobic training 

program on some circulation and respiratory parameters in male handball players (Koc, 

2010). Gokdemir et al. (2007) found increased forced vital capacity in first minutes (p<0.01) 

when measured values before training compared statistically to measured values after 

training. Gokdemir and Koc reported that forced vital capacities (from 4.60±0.45 to 

5.26±0.69) were increased as a result of general endurance training which was applied three 

times a week for eight weeks. We found significant differences between groups in our study. 

Accordingly, forced vital capacity of the experimental group (1.35%) is higher compared to 

control group after eight-week-long training. 

Koc (2010), increase in forced expiratory volume values in the first minute was found to be 

significant when results of the first measurement before training compared to results of the 

second measurement after training. Gokdemir et al. (2007) identified statistical significance 

between measurements before training and measurements after training. Gokhan et al. (2011) 

observed that forced expiratory volume values of the final test in the first minute significantly 

increased with respect to measurements before training when test measurements after training 

(final test) compared to test measurements before training (preliminary test) in the 

experimental group. According to results, a significant difference was observed between 

groups. Therefore, increase in forced expiratory volumes in the experimental group was 

higher (8.79%) than the control group. 

Bjurstrom and Schoene (1987) reported that vital capacities of swimmers were found to be 

quite high when vital capacities of the experimental group consisting of elite swimmers 

compared to control group. Koc (2010) reported a significant increase in vital capacities when 

the result of the first measurement before training compared to the result of the second 

measurement after training. Koc and Gunay (2000) found a significant increase in vital 

capacity values as a result of general speed training program they applied for three days in a 

week for eight weeks. Iri (2000) reports an increase in respiratory parameters due to aerobic 

training programs over a period of time. Kurkcu et al. (2009) reported that the difference in 

respiratory function values was insignificant in the study they conducted in order to determine 

the effect of pre-season preparatory training for eight weeks. According to our results, there 

was no significant difference between study groups and measurement times. This result 

indicates that there is no difference in the context of improving vital capacity between 

trainings. 

Kandeydi (1994) found that the maximum voluntary ventilation value of university students 

was significantly higher at the end of 3-month swimming training. In another study, Kurkcu 

and Gokhan (2011) found maximum voluntary ventilation measurement values of handball 

player kids were 799.40 ± 130.17 L/min while maximum ventilation measurement values of 

kids who do not do sports were 611.55 ± 23.16 L/min. The difference in maximum voluntary 
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ventilation measurement values was found to be significant between groups. According to 

results, there was no significant difference between groups and measurement times  

Kubiak and Janczaruk (2005) reported a statistically significant difference between vital 

capacity, forced expiratory volume, and forced expiratory volume at the first minute of 

preliminary test and final test values at the end of a six-month study with 310 elite swimmers 

aged 12-14 years. 

In conclusion, while body mass of athletes was reduced by 3.55% with interval training made 

throughout swimming training, increase in forced vital capacity and forced expiratory 

volumes of athletes were determined as 1.35% and 8.79% respectively. This result shows that 

interval training performed during preparation stage affect the performance of child athletes. 

According to the results, it is suggested that swimmers exercise resistance training on land, 

especially during the preparation periods, in addition to the exercises practiced in water. Thus, 

it is thought that the swimmers will have a positive effect on their athletic performances 
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