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Abstract
|
Introduction: The level of participation of student-athletes in futsal continues to increase signi-

ficantly. However, this increase is not accompanied by a variety of training programs.
Objective: This study aims to analyze the impact of high-intensity interval training on the ma-
ximal oxygen uptake of student-athletes in futsal.

Methodology: A descriptive research method with a one group pretest and posttest design was
used to achieve the research objectives. A total of 20 male student-athletes were involved as
samples. The sampling technique used was total sampling. high-intensity interval training was
carried out for six weeks. Each week consisted of three meetings. The maximal oxygen uptake
level of student-athletes was measured using an instrument in the form of a Bleep Test. Paired
sample t-test assisted by SPSS was used to determine the difference in maximal oxygen uptake
before and after the implementation of high-intensity interval training.

Results: The results of the analysis showed that there was a significant increase in the mean,
median, standard deviation, minimum value, and maximum value. The results of the paired
sample t-test showed that there was a significant effect of maximal oxygen uptake before and
after the implementation of high-intensity interval training (0.000 <0.05).

Discussion: This research highlights the undeniable impact of a six-week high-intensity interval
training program in unlocking substantial increases in athletes' maximal oxygen uptake.
Conclusion: High-intensity interval training applied for six weeks can increase the maximal
oxygen uptake of student-athletes in futsal. This study can be the basis for further research by
implementing experiments involving a control group.

Keywords
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Resumen

Introduccién: El nivel de participacién de los estudiantes-atletas en futsal continia aumen-
tando significativamente. Sin embargo, este aumento no se acompafia de una variedad de pro-
gramas de entrenamiento.

Objetivo: Este estudio busca analizar el impacto del entrenamiento intervalico de alta intensi-
dad en el consumo méximo de oxigeno de los estudiantes-atletas en futsal.

Metodologia: Se utilizé un método de investigacién descriptivo con un disefio de pretest y
postest de un grupo para alcanzar los objetivos de la investigacién. Se incluyé una muestra de
20 estudiantes-atletas varones. La técnica de muestreo utilizada fue un muestreo total. El en-
trenamiento intervalico de alta intensidad se llevé a cabo durante seis semanas. Cada semana
consistid en tres sesiones. El consumo maximo de oxigeno de los estudiantes-atletas se midio
mediante un instrumento llamado Bleep Test. Se utilizé una prueba t de muestras pareadas con
la ayuda de SPSS para determinar la diferencia en el consumo maximo de oxigeno antes y des-
pués de la implementacién del entrenamiento intervalico de alta intensidad.

Resultados: Los resultados del analisis mostraron un aumento significativo en la media, la me-
diana, la desviacion estandar, el valor minimo y el valor maximo. Los resultados de la prueba t
de muestras pareadas mostraron un efecto significativo en el consumo maximo de oxigeno an-
tes y después de la implementacién del entrenamiento intervalico de alta intensidad (0,000
<0,05).

Discusion: Esta investigacion destaca el innegable impacto de un programa de entrenamiento
intervalico de alta intensidad de seis semanas en el logro de aumentos sustanciales en el con-
sumo maximo de oxigeno de los atletas.

Conclusiones: El entrenamiento intervalico de alta intensidad aplicado durante seis semanas
puede aumentar el consumo maximo de oxigeno de los estudiantes-atletas de futsal. Este estu-
dio puede servir de base para futuras investigaciones mediante la implementacién de experi-
mentos con un grupo control.
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Introduction
___________________________________________________________________________________________________________________________|
Student-athletes face unique demands, balancing academic responsibilities with demanding training
schedules (Pujianto et al., 2024). Physical fitness is key not only to athletic success but also to long-term
health (Malm et al,, 2019). Physical fitness is essential for student-athletes who engage in regular phys-
ical activity as a foundation for health (Snedden et al., 2019; Supriadi et al., 2023). As measured by VO2
max (volume oxygen maximal), aerobic capacity is critical to an athlete's endurance and performance
potential (Srivastava et al., 2024).

V02 max is very important for futsal players because this sport involves fast movements, high intensity,
and frequent changes of direction (Naser et al., 2017; Taufik et al., 2021). High VO2 max allows players
to consume oxygen optimally, helping the body produce the energy needed for intense physical activity
while accelerating recovery during the match (Muttaqin et al., 2024) . For student-athletes, this ability
is very important to maintain physical endurance during the match, especially since they have to man-
age academic demands in addition to training. By increasing VO2 max through a structured training
program, such as high-intensity interval training (HIIT), student-athletes can improve performance, re-
duce the risk of fatigue, and ensure they remain competitive both inside and outside of sports (Campos
etal, 2021).

HIIT has improved aerobic and anaerobic capacity, cardiovascular function, and muscle oxidative ca-
pacity (Jatmiko et al., 2024; Kul et al., 2022; Saleh et al., 2021). HIIT is recommended to improve an
athlete's VO2 max because it optimizes aerobic capacity in a relatively short training period (Wen et al,,
2019). HIIT involves brief periods of high-intensity exercise followed by active or passive recovery pe-
riods (Ma et al.,, 2023). This pattern promotes significant physiological adaptations, such as increased
oxygen utilization efficiency, muscle work capacity, and cardiovascular function (Vigriawan et al., 2024).
This intense training challenges the body's aerobic and anaerobic energy systems, leading to more rapid
increases in VO2 max than steady-state moderate-intensity training.

Applying HIIT to student-athletes is an interesting study because it can save time. HIIT is ideal for stu-
dent-athletes who must balance training schedules with academic demands (Sepang et al., 2023). How-
ever, its application must be adjusted to factors such as age, training status, and specific sports demands
so that this exercise remains safe and effective. By understanding the physiological responses and body
adaptations to HIIT, coaches can design appropriate programs to improve physical fitness while sup-
porting athlete performance on the field and the sustainability of their academic achievement.

The problem formulation set in this study is there an effect of HIIT on VO2max of futsal student-athletes?

Method

. ______________________________________________________________________|
This study uses a quantitative descriptive approach with a one-group pretest-posttest quasi-experi-
mental design. This method is used to analyze the effect of HIIT on VO2max of student-athletes in futsal
by comparing the pretest and posttest in the same group without a control group. This method was
chosen because it is able to provide an initial picture of the effect of HIIT on VO2max of student-athletes.

Participants

Participants in this study were 20 male student-athletes in the futsal sport. Participants were taken us-
ing the total sampling technique which is a sampling technique by involving all members of the popula-
tion. Participants are student-athletes who actively participate in training, are free from injury, and have
no history of chronic disease.

Procedure

Each research sample provided the ability to be an active part in the implementation of HIIT. This was
proven by filling out the willingness form. Each sample member was given the freedom to leave the
sample members during the research process. HIIT was applied for six weeks. Each week consisted of
three meetings. Each meeting consisted of 3-4 sets and 2 repetitions. HIIT movements consist of planks,
jump squats, skipping rope, push ups and rotations, jumping jacks, and wall sits. Each HIIT session was
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designed with high-intensity intervals (30 seconds to 1 minute) followed by an active recovery period
(1-2 minutes). The HIIT sequence is shown in table 1.

Table 1. Training Menu

First Week

First Meeting

Second Meeting

Third Meeting

Wednesday (4.00 p.m -5.30 p.m)
Plank (3 Set, 2 Rep, Intensity 70%)

Saturday (4.00 p.m -5.30 p.m)
Jump Squat (3 Set, 2 Rep, Intensity 70%)

Sunday (4.00 p.m -5.30 p.m)
Jump Squat (4 Set, 2 Rep, Intensity 70%)

Second Week

Fourth Meeting

Fifth Meeting

Sixth Meeting

Wednesday (4.00 p.m -5.30 p.m)
Push Up and Rotation (3 Set, 2 Rep, Intensity
70%)

Saturday (4.00 p.m -5.30 p.m)
Jump Jack (3 Set, 2 Rep, Intensity 70%)

Sunday (4.00 p.m -5.30 p.m)
Wall Sit (3 Set, 2 Rep, Intensity 70%)

Third Week

Seventh Meeting

Eight Meeting

Nineth Meeting

Wednesday (4.00 p.m -5.30 p.m)
Plank (3 Set, 2 Rep, Intensity 80%)

Saturday (4.00 p.m -5.30 p.m)
Jump Squat (3 Set, 2 Rep, Intensity 80%)

Sunday (4.00 p.m -5.30 p.m)
Skipping Rope (4 Set, 2 Rep, Intensity 80%)

Fourth Week

Tenth Meeting

Eleventh Meeting

Twelfth Meeting

Wednesday (4.00 p.m -5.30 p.m)
Push Up and Rotation (3 Set, 2 Rep, Intensity
80%)

Saturday (4.00 p.m -5.30 p.m)
Jump Jack (3 Set, 2 Rep, Intensity 80%)

Sunday (4.00 p.m -5.30 p.m)
Wall Sit (3 Set, 2 Rep, Intensity 80%)

Fifth Week

Thirteenth Meeting

Fourteenth Meeting

Fiveteenth Meeting

Wednesday (4.00 p.m -5.30 p.m)
Plank (3 Set, 2 Rep, Intensity 90%)

Saturday (4.00 p.m -5.30 p.m)
Jump Squat (3 Set, 2 Rep, Intensity 90%)

Sunday (4.00 p.m -5.30 p.m)
Skipping Rope (4 Set, 2 Rep, Intensity 90%)

Sixth Week

Sixteenth Meeting

Seventeenth Meeting

Eighteenth Meeting

Wednesday (4.00 p.m -5.30 p.m)
Push Up and Rotation (3 Set, 2 Rep, Intensity
90%)

Saturday (4.00 p.m -5.30 p.m)
Jump Jack (3 Set, 2 Rep, Intensity 90%)

Sunday (4.00 p.m -5.30 p.m)
Wall Sit (3 Set, 2 Rep, Intensity 90%)

Instrument

The Bleep Test is an instrument used to measure VO2max (Fajar et al.,, 2025). This test consists of a
series of back-and-forth runs with increasing speed at each stage. Participants are asked to run between
two lines for 20 meters, following sound cues (bleeps) that get faster at each level. Each cue indicates a
change in running speed, and participants must complete the back-and-forth run before the following
cue sounds. This test provides a reasonably accurate estimate of VO2max because running with gradu-
ally increasing intensity challenges the body's cardiovascular system and aerobic capacity. The bleep
test is efficient because it does not require special equipment or facilities other than an ample open
space.

Data analysis

Quantitative descriptive data analysis was used to determine the mean, median, standard deviation,
minimum, and maximum. Data normality was analyzed using Kolmogorov-Smirnov and Shapiro-Wilk.
Data homogeneity was analyzed using Levene's Test. If the data is considered normal and homogeneous,
the analysis is continued with a paired t-test.

Results
|

The presentation of the results of this study begins with a descriptive analysis, which aims to describe
and summarize the data that has been collected.

Table 2. The Results Descriptive Statistical Analysis

Pretest Posttest
Mean 24.27 Mean 41.57
Median 24.40 Median 41.85
Std.dev 2.379 Std.dev 3.837
Minimum 21 Minimum 36
Maximum 29 Maximum 50

N,
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The results of the descriptive analysis showed a significant increase in the VO2 max of student-athletes
after participating in the HIIT program. The mean value increased from 24.27 in the pretest to 41.57 in
the posttest, indicating a significant difference. The median value also increased from 24.40 in the pre-
test to 41.85 in the posttest, suggesting that most participants consistently increased their aerobic ca-
pacity. The standard deviation showed a slight increase from 2.379 in the pretest to 3.837 in the posttest,
indicating a slight increase in the variation of VO2 max scores between participants after the program.
The minimum value also increased from 21 to 36, while the maximum value increased from 29 to 50,
indicating that all participants experienced a significant increase in their VO2 max scores. These data
suggest that the HIIT program positively impacts improving aerobic fitness in student-athletes.

Table 3. The Results of Normality Test

Kolmogorov-Smirnov Shapiro-Wilk
Statistic df Sig Statistic df Sig.
Pretest .182 20 .082 913 20 .073
Post-test 126 20 .200 953 20 419

In the pretest, the significance value (Sig.) for Kolmogorov-Smirnov was 0.082, and for Shapiro-Wilk
was 0.073, greater than the specified significance level (o = 0.05). The same thing happened in the post-
test, with a significance value for Kolmogorov-Smirnov of 0.200 and Shapiro-Wilk of 0.419, also more
significant than a = 0.05. These results indicate that the data did not deviate significantly from the nor-
mal distribution, so the parametric statistical test of the paired t-test can be continued.

Table 4. The Results of Homogeneity Test
Levene Statistic df1 df2 Sig.
3.323 1 38 .076

The results of the homogeneity of variance test using Levene's Test show that the data variance between
the pretest and posttest is homogeneous. The Levene Statistic value of 3.323 with degrees of freedom
(df1l = 1 and df2 = 38) has a significance value (Sig.) of 0.076, which is greater than the specified signifi-
cance level (o = 0.05). This means there is no significant difference in variance between the two data
groups, so the assumption of homogeneity is met. Thus, parametric statistical analysis such as paired t-
test can be applied to test the difference in VO2max values between the pretest and posttest. These re-
sults indicate that the data conditions support the validity of further testing.

Table 5. The Results of Paired Sample t-test

t df Sig. (2 tailed)
Pre-test & Post-test -33.181 19 .000

The paired sample t-test results showed a significant difference between the VO2max pretest and post-
test values. The resulting t-value was -33.181 with a degree of freedom (df) of 19 and a significance
value (Sig. 2-tailed) of 0.000, which was much smaller than the specified significance level (a = 0.05).

Discussion
___________________________________________________________________________________________________________________________|
This study revealed that HIIT can increase VO2max of futsal student-athletes. High-intensity exercise
causes an increase in stroke volume, resulting in a temporary decrease in heart rate and a fixation in
cardiac output levels (Nurjaya et al., 2021; Rosdiana et al., 2019). This increases the efficiency of the
heart muscle in supplying blood flow throughout the body (Stoggl & Bjorklund, 2017). A reduction in
heart rate indicates efficiency in heart rate. Low-intensity exercise interspersed with high-intensity ex-
ercise in interval training can help remove metabolism from the muscles during the rest period when
the body performs high-intensity interval training (Ramos et al., 2015). Alternating changes in exercise
periods can help the body increase the volume of oxygen during exercise. The oxygen that goes to the
active muscles will reintegrate lactic acid into energy.

Intense training in HIIT is usually done at an intensity close to the athlete's maximum capacity, either in
sprints, weight lifting, or other body movements that drain energy. When the body is forced to work at
high intensity, the muscles need more energy and oxygen to function properly (Atakan et al., 2021). In
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this condition, the body utilizes the anaerobic energy system, which relies on energy reserves such as
muscle glycogen (Torma et al,, 2019). However, when the intensity reaches its maximum point, the body
begins to experience and switches to other energy reserves, including lactic acid produced during the
process (Pelana et al., 2019). Although it feels tired, the body starts to respond with increased efficiency
in using oxygen during recovery.

With regular exercise, the body becomes more efficient at using oxygen (Kilen et al., 2014). The heart
can pump more blood with each contraction, increasing the efficiency of oxygen delivery throughout the
body (Tauda et al., 2024). HIIT can stimulate increased lung ventilation, allowing the body to assimilate
oxygen and quickly expel carbon dioxide (Salazar-Martinez et al., 2018). Blood vessels become more
elastic and more able to distribute oxygen efficiently (Christensen et al., 2016). HIIT also has essential
benefits in muscle strengthening and overall cardiovascular endurance (Milanovi¢ et al., 2015). HIIT
workouts incorporate elements of strength training, which strengthen muscles and increase endurance
(Bento et al,, 2025). The more substantial muscles and heart are, the more efficiently your body uses
oxygen, contributing to better athletic performance (Gémez et al., 2023).

This study proves that HIIT training carried out for six weeks can have an effect on VO2max of student-
athletes in futsal. However, the limitation of this study is that it did not involve a control group, thus
limiting the ability to ensure that changes in VO2 max are caused by HIIT training. Despite the limita-
tions of the study, these results provide a useful initial picture and serve as a basis for further research.

Conclusions

The HIIT program implemented can increase the VO2max of student-athletes in futsal. Thus, HIIT can
be a reference for futsal coaches presenting varied training programs. For future research, combining it
with psychological factors such as motivation and stress management skills is recommended. These
psychological skills are needed because HIIT is identical to fast and heavy movements, so without good
psychological skills, it will cause boredom in training.
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