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Abstract

Background. Futsal players require a holistic training model that combines high-intensity interval training with
a game-based approach, addressing their need to cover a total distance of 4000 meters at maximum aerobic speed.

Objectives. This study aimed to analyze the effect of combining high-intensity interval training with a game approach

on the aerobic ability of amateur futsal athletes.

Materials and methods. This study used an experimental method. A total of 32 male futsal athletes from

amateur clubs participated in this study, with an age of 17.00 + 1.10 years, a height of 167.19 + 3.80 cm, a body

mass of 58.81 + 3.80 kg, and a BMI of 21.05 + 1.26. Data analysis used the Wilcoxon signed-rank test and the
Mann-Whitney U test, with a significance level of 0.05. The total distance covered and the VO, max level of the
sample were measured using a 12-minute Cooper test instrument.

Results. The statistical analysis using the Wilcoxon and Mann-Whitney tests revealed that the Experimental Group
(EG) showed significant enhancements in both Total Distance (TD) and VO,max (p < 0.0001 for both), while the
Control Group (CG) did not (p = 0.0747 for TD, p = 0.0701 for VO,max). The Mann-Whitney test confirmed that
the EG’s improvements were significantly more marked than the CG’s (p < 0.0001 for both variables). The percentage
improvements between the pre-test and post-test show that in the EG, TD increased by 8.12 %, and VO,max increased
by 10.44 %. In contrast, the CG demonstrated only a 1.11 % increase in TD and a 1.44 % increase in VO,max.
Conclusions. These findings concluded that combining a high-intensity interval training model with a game
approach had a positive effect on the aerobic endurance of amateur futsal athletes.

Keywords: combination training, high-intensity interval training, game approach, aerobic, futsal amateur.

Introduction

In recent decades, the characteristics of the futsal game
have evolved significantly, characterized by high game
intensity and players who are more flexible in changing or
rotating positions (Ivan-Baragano et al., 2022; Spyrou et al,,
2020). Research studies investigating this sport modality
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have also increased significantly over the last two decades
(Barbero-Alvarez et al.,, 2008; Castagna et al., 2009; De
Oliveira Bueno et al., 2014; Ohmuro et al., 2020), which
contribute to a better understanding of the physical needs of
players, the technical and tactical skills of players during the
match, as well as the preparation of futsal training materials.
According to the research study above, the average total
distance traveled by futsal players in one match is around
4000-4500 meters, of which 8-13% is done in high-speed
running (HSR>15.5 km/h) and 5-9% is done in sprinting
(>18.3 km / h). Statistical data analysis can be practically
beneficial in designing training programs, as match analysis
is highly useful for developing specific training programs
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that resemble the physiological conditions of the game (Di
Salvo et al., 2007).

Aerobic endurance is an essential modality to support
the characteristics of playing futsal with high intensity
because, with aerobic endurance, players will be helped to
avoid fatigue or decreased performance, especially at the
end of the match session (Glanzel et al., 2020; Milanez et
al., 2011). There are previous research studies on physical
training in futsal, such as (Campos et al., 2021; Laursen,
2010; Saleh et al., 2021) related to the high-intensity interval
training model. Although this training model positively
impacts physical abilities, it primarily focuses on physical
improvement, potentially neglecting the development
of technical and tactical skills essential for compelling
gameplay. To address the gap identified in the study,
researchers have developed new methods to overcome the
issue. These innovative approaches aim to fill the existing
void and enhance the overall understanding of the subject
matter. By implementing these methods, researchers hope
to achieve more accurate and relevant outcomes, ultimately
contributing to the advancement of knowledge in this field
and aligning with previous research that explains that futsal
has a specific development of game dynamics, such as
offensive (4-in-line) and defensive (pressure throughout the
zone) (Naser et al., 2017).

In a sports coaching survey by Thompson (2023), high-
intensity interval training is the most popular method to
improve physical abilities, especially aerobic endurance.
Research has shown that high-intensity interval training
positively impacts players’ aerobic endurance (Helgerud et
al., 2007). Given the very high physical demands during
the game, combining high-intensity interval training with
game training adjusted to an average total distance of 4000
meters is important (Ribeiro et al., 2020). Therefore, it is
necessary to scientifically study the impact of combining
these exercises to meet specific futsal training needs. The
results of this study can help coaches and players design more
effective training programs that combine physical, technical,
and tactical components according to the needs of players in
a match. This study can also provide valuable insights into
how futsal games at the amateur level can improve.

Materials and Methods

Study Participants

Thirty-two male futsal athletes from amateur clubs
participated in this study. They were 17.00 + 1.10 years
old, 167.19 + 3.80 cm tall, 58.81 + 3.80 kg in body mass,
and 21.05 + 1.26 in BMI. All samples involved in this study
had 1 year of physical training experience. The researchers
randomly divided the sample into an experimental group
(EG) and a control group (CG)

Study Organization

The researchers administered a pretest to the
experimental and control groups to determine their initial
aerobic endurance ability. Furthermore, the experimental
group was given high-intensity interval training treatment
with a game approach for four weeks with a frequency of
three times a week. The control group was not given any

special treatment but continued to undergo training with
the same duration and frequency as the experimental
group. After four weeks of training, in the last week, the
experimental and control groups were given a post-test to
determine the difference in aerobic endurance ability with
high-intensity interval training with a game approach. This
study used the 12-minute Cooper Test. The 12-minute
Cooper Test variables analyzed were VO,max.

Training Program

The training program involves two groups of players,
each consisting of 8 people, with a High-Intensity Interval
Training (HIIT) approach that combines games and fast
dribbling. Group 1, consisting of 8 players, trains in a four
vs four with game format in a 15x15 meter area. Meanwhile,
Group 2 undergoes fast dribbling training with a distance of
40 meters, repeated 10 times so that the total distance covered
reaches 400 meters. After completing their respective tasks,
the two groups switch roles, with a rest time equal to the
duration required to complete the 400-meter dribble. Each
player will complete five games and five fast dribbling sets
in one training session. Thus, each player will cover a total
distance of around 2000 meters, and the entire group will
cover a distance of 4000 meters.
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Fig. 1. HIIT Training and Game Combination Area

This program aims to improve the players’ maximal
aerobic capacity by emphasizing high intensity and high
training volume. The combination of four vs four with
games in a small area and fast dribbling in the HIIT pattern
encourages players to work at high intensity repeatedly,
which is very effective in increasing VO,max (maximal
oxygen consumption). This training aims to increase the
players’ cardiorespiratory system efliciency, improve their
aerobic endurance, and optimize recovery between periods
of intensive work, helping them achieve optimal levels of
maximal aerobic capacity.

Statistical Analysis

This study presents the data as means and standard
deviations and uses the Shapiro-Wilk test to assess normality.
The researchers used the Wilcoxon test for non-normally
distributed data and the Mann-Whitney test to compare
differences between two non-normally distributed groups. The
researchers calculated the percentage of improvement between
pretest and post-test results during the training period using
the formula: (mean difference/mean pretest) x 100%.
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Results

Table 1. Characteristics Samples

Group Age Height (cm) Weight (kg) BMI

EG 17.00 £ 1.10 167.19 +£3.80 58.81 +£3.80 21.05+1.26
CG 17.13 £1.09 167.31 £3.46 57.13+£3.61 20.42+1.42

The data is presented as mean * SD to indicate central tendency
and variability

Table 1 above shows the demographic characteristics
of the experimental group (EG) and the control group
(CG). The average age of the experimental group is
17.00 + 1.10 years, while the control group has an average
age of 17.13 £ 1.09 years. For height, the experimental group
has an average of 167.19 + 3.80 cm, and the control group
has an average of 167.31 * 3.46 cm. In terms of weight, the
experimental group has an average of 58.81 + 3.80 kg, while
the control group has an average of 57.13 + 3.61 kg. Finally,
the average BMI for the experimental group is 21.05 + 1.26,
while the control group has an average BMI of 20.42 + 1.42.

Table 1. Characteristics Samples

Group Age Height (cm) Weight (kg) BMI

EG 17.00 + 1.10
CG 17.13 £ 1.09

167.19 £3.80 58.81 £3.80 21.05+1.26
167.31 £3.46 57.13+3.61 20.42+1.42

The data is presented as mean * SD to indicate central tendency
and variability

Table 2 above shows the results of the normality test
using Shapiro-Wilk. In the Experimental Group (EG), Pre
Total Distance and Pre VO,max have a normal distribution
(p > 0.05), while Post Total Distance and Post VO,max are
generally not distributed (p < 0.05). In the Control Group
(CG), all pretest and post-test variables have a normal
distribution (p > 0.05). For the change (delta), Delta Total
Distance and Delta VO,max in the EG have a normal
distribution (p > 0.05), while in the CG, they are generally not
distributed (p < 0.05). Based on these results, the researchers
will apply the Wilcoxon test to assess differences in non-
normally distributed data and the Mann-Whitney test to
compare the experimental group (EG) and control group
(CG) on variables that do not follow a normal distribution.

Figure 2 above presents the statistical analysis results
using the Wilcoxon and Mann-Whitney tests to compare
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Fig. 2. Comparison of Total Distance and VO,max between EG
and CG

the Experimental Group (EG) and Control Group (CG) on
two variables: Total Distance (TD) in meters and VO,max
in ml-min-1-kg-1. For the TD variable, the Wilcoxon test
results show that the EG experienced a significant increase
between the pretest and post-test (p < 0.0001). In contrast,
the CG did not show a significant difference (p = 0.0747).
The Mann-Whitney test confirms that the increase in TD
for the EG was significantly more significant than the CG
(p < 0.0001). For the VO,max variable, the Wilcoxon test
indicates that the EG also experienced a significant increase
between the pretest and post-test (p < 0.0001), while the CG
showed no significant difference (p = 0.0701). The Mann-
Whitney test again reveals that the increase in VO,max for
the EG was significantly more significant than that of the
CG (p < 0.0001). These results indicate that the intervention
in the EG was effective in improving performance related to
distance covered and aerobic capacity (VO,max)

Table 3 Percentage of improvement

Percentage
Variable Pretest Post-test  Improvement
(%)
EG TD (meter) 2316.25+ 112.24 2501.88 + 80.02 8.12

CG TD (meter) 2271.88 + 85.18 2296.88 + 90.97 1.11

EGVOmax 0491051 44464179 1044
(ml-min™-kg)
CEVOmax 5501190 40.06+2.03 1.44
(ml'min'-kg™)

The data is presented as mean * SD to indicate central tendency
and variability

Table 3 above shows the percentage improvements
in Total Distance (TD) and VO,max between pretest and
post-test. In the Experimental Group (EG), TD increased
by 8.12%, and VO,max increased by 10.44 %. Meanwhile,
in the Control Group (CG), TD only increased by 1.11 %,
and VO,max increased by 1.44 %. The EG shows a higher
percentage of improvement compared to the CG.

Discussion

The combination of high-intensity interval training with
a game approach has a positive effect on increasing aerobic
endurance. The improvement in aerobic endurance is closely
related to the impact of the maximal aerobic speed control sys-
tem during training sessions, which is essential for planning
the training program and adjusting the training load, particu-
larly during high-intensity intermittent training (Psarras &
Bogdanis, 2024). The training program adapts high-intensity
interval training with a game-based approach, using the aver-
age total distance of 4000 meters covered in a futsal match asa
reference, and incorporates a maximal aerobic intensity more
significant than 90 % Hrmax with a 1:1 interval ratio.

The selection of a high-intensity interval training pro-
gram with a game approach is an essential aspect in efforts
to achieve goals in futsal, in this context, to increase aero-
bic endurance. This unique training allows players to de-
velop technical and tactical skills in situations similar to real
matches. Conversely, the high-intensity interval training ap-
proach can improve physical quality (Stankovic et al., 2023).
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In the process, high-intensity interval training with a game
approach will affect the increase in player confidence; this is
because in each training session, the players not only focus
on physical training but also technical and tactical skills so
that it can indirectly improve the player’s mentality (Mén-
dez-Dominguez et al., 2022). Increasing training intensity
gradually is also an effort to encourage physiological adapta-
tion and improve player performance. In line with previous
studies that the high-intensity interval method applied with
the principle of progressiveness can coordinate muscle work
simultaneously to produce optimal energy for motor perfor-
mance and is the fastest way to obtain muscle development
because it increases power production and protects joints
from injury (Atakan et al., 2021; Liu et al., 2023).

Applying a training frequency of three times a week can
affect aerobic endurance in amateur futsal athletes. Previous
studies have reported that high-intensity interval training is
practical when done in three sessions per week to reduce the
adverse reactions due to glycogen depletion, accumulation
of metabolites in muscles, and neuromuscular tension on
athlete performance (Vigh-Larsen et al., 2021). In addition,
this organized and continuous training will provide positive
results in developing training goals (Barbieri et al., 2016).

The results of this study indicate that high-intensity inter-
val training with a game approach can significantly increase
aerobic endurance. In line with research As-Safa et al. (2024),
rotational tactic training with a high-intensity interval training
protocol can improve anaerobic performance in amateur futsal
athletes. This training method can also be an alternative to
improve several physiological parameters such as cardiometa-
bolic, oxygen uptake kinetics, aerobic capacity, and resistance
to muscle fatigue. The cardiometabolic increase in question
is high-intensity interval training in increasing insulin sensi-
tivity performance, which can help the body more efficiently
regulate blood sugar levels (Weston et al., 2014). Increasing
oxygen uptake kinetics is high-intensity interval training in
increasing blood volume and hemoglobin, allowing muscle
cells to use oxygen more quickly and efficiently during exercise
(Buchheit & Laursen, 2013). The increase in aerobic capacity
is due to high-intensity interval training in increasing cardiac
output due to increased stroke volume and heart rate (Gibala
& Jones, 2013). Meanwhile, the accumulation of lactic acid and
hydrogen ions during high-intensity interval training triggers
increased resistance to muscle fatigue, as these are the main
factors causing muscle fatigue (Enoka & Duchateau, 2008).

This approach lets athletes experience game-like
conditions during training, potentially increasing their
match performance. However, it is essential to acknowledge
the limitations of this study, including the small sample
size and the short duration of the intervention, which may
affect the generalizability of the results. Future research
should consider more extensive, more diverse samples and
explore the long-term effects of this training method on
various physiological parameters in different age groups and
competitive levels.

The findings of this study emphasize the effectiveness
of combining high-intensity interval training with a game-
based approach to enhance aerobic endurance in amateur
futsal athletes. This approach can significantly benefit
coaches in designing training programs that improve
physical capabilities and integrate technical and tactical
skills relevant to match scenarios.

Conclusions

Based on the research results achieved in high-intensity
interval training with a game approach, the researchers
concluded that this method can positively contribute to
increasing aerobic endurance.
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MoegHaHHA BUCOKOIHTEHCMBHOIO iHTEPBaJIbHOTO
TPeHyBaHHA Ta irpoBoro nigxoay cCNpuUAE NigBULLEHHIO
aepo6HOI BUTpuBanocTi y pyr3anicriB-amaropis

Imam Macmxup'45CP, I [leBa Mage Apsnanga Bimxas Kycyma'A5¢P,
Awnppi Cyitoko'*“P, Apid Bynkini'*“P, Apid [IBi Hyrpaxa'A“®, Axi [Ipanoro'*P,
Myxammap baryc @ipsam bxapnaman'®?, Bapicrpa Tro HipBanmax'®*“?

!lep>xaBHnit yHiBepcutet Cypabas

ABTOpPCHKMIT BKIAJ: A — Au3aitH gocnipkenHs; B — 36ip ganux; C — crataHanis; D — migroroska pykorcy; E — 36ip kourtis

Pedepar. Crarra: 6 c., 3 Tab1., 2 puc., 28 mKeper.

Icropisa muranna. Pyr3anicTu MOTpe6YIOTh 3aCTOCYBaHHA XOMICTMYHOI MOJie/i TpeHYBaHb, AKa Iepefdadae IMOETHAHHA
BUCOKOIHTEHCUBHIX IHTepBa/JIbHNUX TPEHYBAHb 3 irPOBMUM IIi/IXOfIOM, IO BiANOBifjae ixHiil HEOOXiFHOCTI JO/IATH 3arajbHy ANC-

taHiio 4000 MeTpiB 3 MAKCUMA/IbHOK aepOOHO0 HIBUAKICTIO.
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Merta gocnimxkeHHa. MeTta JOC/TiIPKeHHA NOMATaIA B aHA/Ii31 BIVIMBY NTOEJHAHHSA BICOKOIHTEHCUBHOTO iIHTEPBAIbHOTO Tpe-
HYBaHHA 3 irpOBMM IIi/IXO/JOM Ha ITOKa3HUKM aepOOHOI 3TaTHOCTI (yT3aTicTiB-aMaTOpiB.

Marepianu Ta MeTomu. Y IIbOMY JOCIPKEHH] 3aCTOCOBAHO €KCIIEpMMEHTA/IbHUIL METOJ. 3arajoM y JOC/i/IKEHHI B3sIn
y4acTb 32 QyT3amicTI-40I0BIKM 3 aMaTOPCbKMX KTy6iB, Bik sAKkux ctaHoBuB 17,00 £ 1,10 poky, 3pict — 167,19 + 3,80 cm, maca
tina — 58,81 + 3,80 kr, IMT — 21,05 + 1,26. [Ina aHanisy flaHMX BUKOPMUCTOBYBa/IM KPUTEPiii 3HAKOBUX PAHTIiB YiIKOKCOHA Ta
U-xpurepiit ManHa-YiTHi 3 piBHeM 3HauymocTi 0,05. 3arajgbHa IpolifieHa BiicTanb i piBeHb MAKCMMA/IbHOTO CIIOK/MBAHHS KICHIO
(VO,max) BumiproBaucs 3a JOIOMOrowo 12- XBIIMHHOTO TecTy Kymepa.

PesynbraTu. 3rifHo 3 pesynbraTaMyu CTaTUCTUYHOTO AHA/i3y i3 3aCTOCyBaHHAM KpUTepiiB YinKokcoHa Ta ManHa-YirHi
BCTAHOBJICHO, 1[0 eKcrepuMeHTanbHa rpymna (EI') moMiTHO mokpamyia MOKasHUKY fAK 3aranbHol Bifcrani (3B), Tak i VO,max
(p < 0,0001 myst 060x 3MiHHMX), TOAI sIK KOHTpobHA rpyna (KI') He gocsira ictoTHOro mporpecy (p = 0,0747 mns 3B, p = 0,0701
o1 VO,max). 3a gornoMororn Kpurtepito MaHHa-YiTHI MiATBepAXXeHO, 10 MOKpallleHHs MOoKasHUKIiB B EI' BUABWINCSA 3HAYHO
cyrreBimmmu, HX y KT (p < 0,0001 s 060x 3MiHHUX). BiicOTKOBE CIiBBiZHOLIEHHS NOIIIEHb MK JaHUMI repes oYaTkoM
i micyia 3aBepllIeHHsA TeCTyBaHHA CBiTUNTD Ipo mifBuineHH: nokasHukis 3B B ET Ha 8,12 %, a VO,max — Ha 10,44 %. HaromicTp
KT nponemoncrpysana nuuie spoctanHa 3B Ha 1,11 % ta VO,max Ha 1,44 %.

BucuoBku. OTprMaHi faHi JO3BOMAITH 3pOOUTI BIUCHOBOK, 110 TOETHAHHS MO/ BUCOKOIHTEHCUBHOTO iHTEPBAIbHOTO
TPeHyBaHH: 3 IrpOBMM IIIXOIOM IIO3UTUBHO BIUIMBAE HA aepOOHY BUTPUBAJIICTD CIIOPTCMEHIB-aMaTopiB 3 QyT3ay.

KirouoBi cmoBa: KoMb6iHOBaHe TPeHYBaHHs, BUCOKOIHTEHCUBHE IHTepBa/lbHe TPEHYBaHHA, irpoBMIl MifIXif], aepoOHMIT, aMa-

Top 3 dyT3any.
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