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Abstract

Background. Soccer demands high endurance, speed, and aerobic capacity, making fitness a key performance factor.
The Yo-Yo Intermittent Recovery Test Level 1 (YYIR1) is a valid field test to assess these attributes in soccer players.

Objectives. This study aimed to evaluate the effect of a 12-week targeted soccer training program on aerobic

endurance in university-level male soccer players.

Materials and methods. A quasi-experimental pretest-posttest design was used, involving 32 university-level male
soccer players (aged 17-25) from Visva-Bharati University. Participants underwent a 12-week targeted soccer training
program. Aerobic endurance performance was assessed using the YYIRI test, evaluating accumulated distance,
cumulative time, and VO,max before and after the intervention. Data were analyzed using paired-sample t-tests, with

a significance level set at p < 0.05.

Results. Among 32 university-level male soccer players, significant improvements were observed in the post-
intervention period: accumulated distance (mean increase = 312.5 meters, d = 1.70), cumulative time (mean
increase = 2.54 minutes, d = 1.80), and VO, max (mean increase = 2.62 ml/kg/min, d = 1.72), all with p < 0.001.
Conclusions. According to the study, it was found that the 12-week targeted soccer training intervention led to
statistically significant enhancements in aerobic endurance capacities among university-level soccer players, as

demonstrated by improvements in YYIRI test outcomes.
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Introduction

Soccer is one of the most challenging sports in the
world (Toparlak & Salas, 2022; Gurau et al., 2023). Players
must possess strong physical, mental, technical, and tactical
qualities to perform at an elite level (Toselli et al., 2022; Verma
& Dabshede, 2024). Physical fitness is one of the most critical
factors for a soccer player to perform at their best on the field
(Iaia, Rampinini, & Bangsbo, 2009). Endurance capacity
is vital in soccer, which requires sustained performance
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over 90 minutes. During the game, players face different
situations where they need to showcase their skills, such as
demands like speed, endurance, agility, and strength. Players
must maintain high performance throughout the match,
demanding a high level of physical fitness. Modern soccer
requires high endurance, speed, strength, and coordination
skills (Andrzejewski et al., 2015). Therefore, players must
develop strong aerobic and physical qualities to meet the
demands of the game. Various lab tests can measure Aerobic
Fitness (VO,max) accurately. However, for this study, the
VO,max is calculated through the reference table of the Yo-
Yo Intermittent Recovery Test, as this table was prepared by
testing various subjects (Bangsbo, Iaia, & Krustrup, 2008).
Therefore, the YYIRI is very popular for ballgame players to
measure aerobic fitness quality (Castagna et al., 2008).
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The Yo-Yo Intermittent Recovery Test Level 1 (YYIR1),
developed by Dr. Jens Bangsbo, is a widely used test to
evaluate an athlete’s ability to repeatedly perform high-
intensity intervals with brief recovery periods. It is especially
relevant for soccer players, as the sport demands frequent
sprints interspersed with short recovery phases. The yo-yo
intermittent recovery test is available in two versions: version
1 is for beginners, and version 2 is for advanced players. The
trial starts with a beep sound, with certain levels where the
speed increases as the time of completing the levels decreases
in different groups (Bangsbo, laia, & Krustrup, 2008).

The purpose of the YYIRI1 is to determine the repeatedly
performed interval for a prolonged period. It is a field test
assessing the physical performance of athletes. The test
layout is 20 x 5 meters for the YYIR1, whereas the 20-meter
intervals are back and 5 meters for recovery. The subjects
will get 10 seconds of recovery time after every 40 meters
(Bangsbo, Iaia, & Krustrup, 2008).

While previous studies have explored aerobic capacity
using the YYIRI in professional or youth athletes, limited
research has focused on structured training effects in
university-level players in the Indian context. There is a lack
of controlled research evaluating the impact of periodized
soccer-specific training on aerobic performance in Indian
university-level soccer players. This study addresses this gap
by applying a periodized training protocol tailored to the
inter-university competitive calendar.

Materials and Methods:

Participants

A total of 32 participants, aged between 17 and 25
years (Age = 22 + 1.78 years), were selected using purposive
sampling. No random assignment to groups was performed,
as the study involved only one intervention group. All
participants were inter-university soccer players from
the Visva-Bharati University team, a prestigious Central
University recognized as an institute of national importance
in Santiniketan, West Bengal, India.

Before selecting the participants, a priori power analysis
was performed using G*Power software (version 3.1.9.2,
University of Kiel, Germany). The analysis employed an
effect size of 0.80, an alpha error probability of 0.05, and a
statistical power 0.95 (Kang, 2021). This ensured an adequate
sample size to detect meaningful differences or effects.

The sample size determination test revealed a sample size
of 23 for the study. However, to compensate for participant
attrition, 32 participants were considered as the sample
for the study. All the included participants in the study
were free from acute or chronic medical conditions. The
participants possessing serious medical contraindications
(hypertension, recent heart surgery, uncontrolled diabetes)
or with significant cognitive impairments, as advised by
physicians, precluding them from engaging in vigorous
physical activities, were excluded from the study. On average,
the participants exercised eleven months per year for at least
three years (3.4 + 0.8 years) with five 150-minute sessions,
weekly and one practice match every two weeks and one
competition every three months. The research received
approval from the Institutional Ethical Committee of Visva-
Bharati (A Central University) Santiniketan, West Bengal,

India, ensuring that it adhered to requisite ethical standards
and guidelines (VB/IECHR/03/2024) and registered through
Clinical Trials Registry-India (CTRI/2025/02/080710,
registered on: 17/02/2025). Furthermore, the study adhered
to the guidelines outlined in the Declaration of Helsinki
(World Medical Association Declaration of Helsinki, 2013).
The participants had given written consent after thoroughly
understanding the study’s objectives, potential benefits,
risks, and future implications. See Figure 1 for the study
flowchart to illustrate this one-group pretest-posttest quasi-
experimental design.

Assessed for eligibility (n = 40)
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o + Not meeting inclusion criteria (n = 2)
L + Declined to participate (n = 1)
L + Other reasons (n = 1)
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N
T
Allocation (n = 36)
A
L
L
8 Allocated to intervention (n = 36)
A + Received allocated intervention (n =3 4)
T + Did not receive allocated intervention (n = 2)
1 (Withdrawal) (n = 1)
[0} (Medical Issue) (n = 1)
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o Followed Up (n = 34)
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Fig. 1. Study Flowchart for the Quasi-Experimental One-Group
Pre-test-Post-test Design

Study Design

The research employed a quasi-experiment utilizing a
one-group pretest-posttest design Figure 1), citing the limited
number of participants (Knapp, 2016). The participants were
tested before and after the exposure to twelve weeks of the
Soccer Training Interventions program. The participants
were instructed not to be involved in any other types of
physical interventions which might have influenced the sole
effect of the Soccer Training Interventions program. The
pre-test was completed three days before the start of the
training program, whereas the post-test was completed three
days after the completion of the twelve weeks of the soccer
training program.

Although a control group would strengthen internal
validity, logistical challenges, ethical concerns in withholding
training, and limited player availability made it impractical.
This design still allows for a meaningful evaluation of
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within-subject improvements, but generalizability should be
interpreted cautiously.

Training Intervention

The 12-week training program was designed to enhance
the overall performance of inter-university-level soccer
players. It focused on five key areas: strength training,
technical skills, speed and agility, endurance, and tactical
awareness.

Each week included five training sessions of 150
minutes each, totaling 750 minutes per week. The program
integrated strength, endurance, technical, tactical, and
speed-focused training tailored for inter-university soccer
players. In addition, one full practice match was scheduled
every two weeks, and official competitions were held every
three months.

Testing Protocol

Yo-Yo Intermittent Recovery Test Level 1 (YYIRI) and
the audio for the YYIRI, which Dr. Jens Bangsbo created,
were considered for the test. Before the test, all the players
were well-instructed and demonstrated with a demo, and
then the researcher took the test. The subject stood behind
the starting line, started running 20 meters on the sound of
‘GO;” and touched the end-bound line with a beep. Again,
they will return to the starting line within the beep sound
without stopping and rest for 10 seconds in the 5-meter
recovery zone for the recovery time. Accumulated distance
refers to the total distance (in meters) the participant covers
before the test ends. Cumulative time represents the total

Table 1. Twelve weeks of targeted soccer training intervention

Test Course of the Yo-Yo Intermittent Recovery Test

5 metres 20 metres

Fig. 2. The test course of the Yo-Yo Intermittent Recovery Test-1.
The full course shows the player’s movement during the run and
the dotted line for the recovery period

duration (in minutes) completed in the test. VO, max was
estimated using the standard YYIRI lookup tables Bangsbo
et al. (2008) provided based on the total distance covered.
In the early stage, the speed was slow, but it got increasingly
faster as the test progressed (Sports, 2008).

Statistical Analysis

Descriptive statistics were used to describe the data
on the YYIRI performance of the pre-test and post-test
of the soccer player’s accumulation distance, cumulative
time, and VO,max. To ensconce the validity of this study’s
statistical analysis, the researcher measured the assumption
of normality of data. The Shapiro-Wilk test was used to
assess the normality of data distribution. The Shapiro
Wilk test showed that the data collected from the variable’s
accumulation distance pre and post-test, Cumulative time
pre and post-test, and VO,max pre and post-test through the
YYIRI1 test were normal. Thus, the normality of data further
leads to subsequent analysis.

Rest Between

Phase Weeks Component Intensity Volume/Type Frequency Sets

Strength Training ~ 70-80% of IRM  3-4 sets of 8-12 reps 2x/week 60-90 sec
Technical Skills Moderate 30-45 min 2x/week -

) 4 Speed & Agility Moderate Short sprints (10-20 m) 1x/week -
Endurance Moderate Long runs (5-8 km), Intervals  1x/week -
Small-Sided Games Moderate 3v3, 5v5 (20-30 min) 1x/week -
Practice Match Match Intensity Full 11v11 (60-90 min) 1 match/2 weeks -
Strength Training ~ 80-90% of IRM 34 sets of 6-8 reps 2x/week 90-120 sec
Technical Skills High 45-60 min 2x/week -

5 8 Speed & Agility High Sprints (20-30 m) 1x/week -
Tactical Training Moderate to High ~ Set-piece positioning drills 1x/week -
Small-Sided Games High 7v7, 9v9 (30-45 min) 1x/week -
Practice Match Match Intensity Full 11v11 (60-90 min) 1 match/2 weeks -
Strength Training ~ 70-80% of IRM  2-3 sets of 4-6 reps 2x/week 60-90 sec
Technical Skills High 30 min 2x/week -
Speed & Agility Maximum Sprints (30-40 m) 1x/week -

3 9-12  Tactical Training Match Intensity ~ Positional play, set pieces 1x/week -
Small-Sided Games Match Intensity 11v11 simulations (60-90 min) 1x/week -
Practice Match Match Intensity ~ Full 11v11 (60-90 min) 1 match/2 weeks -
Competition Peak Intensity Full game (90 min) 1 competition/3 months -
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A dependent t-test was computed as inferential statistics
to compare the difference between the accumulation distance
pre-test with the post-test, Cumulative time pre-test with
the post-test, and VO,max pre-test with the post-test. In
addition to the t-test results, the effect size was ascertained
using Cohen’s d, and the 95% Confidence Interval (CI)
was delineated. The level of significance was set at p < 0.05.
All analyses were carried out using JAMOVI Version 2.4
software.

Results

In Table 2, the descriptive and inferential statistics were
applied to acquired data from accumulation distance (pre-
test and post-test), Cumulative time (pre-test and post-test),
and VO,max (pre-test and post-test). Significant differences
were found between the accumulated distance pre-test with
the post-test, cumulative time pre-test with the post-test,
and VO,max pre-test with the post-test, as the p-value was
p<0.05.

The descriptive statistics of aerobic-endurance variables
from the Yo-Yo Intermittent Recovery Test Level 1 (YYIR1)
indicate a significant improvement in the participants’
performance following the intervention. The accumulated
distance (AD) covered increased from a pre-intervention
mean of 1020.00 meters (SD = 980.00) to a post-intervention
mean of 1332.50 meters (SD = 1320.00), reflecting enhanced
endurance capacity. Similarly, the cumulative time (CT)
improved from a mean of 8.45 minutes (SD = 8.19) to 10.99
minutes (SD = 10.84), indicating better cardiorespiratory
fitness. Furthermore, VO,max (VO) increased from 44.97
ml/kg/min (SD = 44.63) to 47.59 ml/kg/min (SD = 47.48),
suggesting a positive impact on aerobic fitness levels.
Notably, the skewness values for all variables decreased
post-intervention, indicating a more balanced and
consistent performance distribution among the participants.
Overall, the results demonstrate the effectiveness of the
training intervention in enhancing aerobic endurance and
cardiorespiratory performance in inter-university soccer
players. Figures 3 through 8 present the box plots, indicating
no significant outliers and that this study’s data distribution
is normal.

The paired samples t-test results in Table 3 indicate
statistically significant improvements in all measured
variables following the intervention. The accumulated
distance (AD) showed a significant increase from the pre-

Accu Pre
Accu Post

Fig. 4. Post-Test Accumulated
Distance Distribution

Fig. 3. Pre-Test Accumulated
Distance Distribution

Cum Time Pre
Cum Time Pra

Fig. 6. Post-Test Cumulative
Time

Fig. 5. Pre-Test Cumulative
TimeFig

Vo2 pre
Vo2 post

Fig. 7. Pre-Test VO,max Fig. 8. Post-Test VO,max

test to the post-test (t = -9.64, df = 31, p < .001), reflecting
enhanced aerobic capacity. Similarly, cumulative time (CT)
also improved significantly (t = -10.19, df = 31, p < .001),
indicating better cardiorespiratory endurance. Additionally,
VO,max (VO) increased significantly (t = -9.64, df = 31,
p <.001), demonstrating improved aerobic fitness. The highly
significant p-values (p < .001) across all variables highlight
the effectiveness of the training intervention in boosting
aerobic endurance and cardiorespiratory performance
among inter-university soccer players.

These results suggest that the twelve-week training
intervention significantly improved soccer-specific
endurance and aerobic capacity.

Table 2. Descriptive statistics of aerobic-endurance variables under YYIR1

Group N Mean SE Median SD Min Max Skewness Kurtosis
AD-Pre 32 1020.00 49.29 980.00 980.00 480.00 1760.00 0.586 0.3510
AD-Post 32 1332.50 57.23 1320.00 1320.00 840.00 2040.00 0.462 -0.6998
CT-Pre 32 8.45 0.40 8.19 8.19 4.12 14.30 0.553 0.0959
CT-Post 32 10.99 0.45 10.84 10.84 7.10 16.40 0.411 -0.7395
VO-Pre 32 44.97 0.41 44.63 44.63 40.43 51.20 0.585 0.3484
VO-Post 32 47.59 0.48 47.48 47.48 43.46 53.50 0.462 -0.6995

High standard deviations reflect broad variation in individual performance levels among participants. Note: AD-Pre - Accumulated
distance Pre Test, AD-Post - Accumulated distance Post Test, CT-Pre - Cumulative Time Pre Test, CT-Post - Cumulative Time Post Test,

VO - Pre - VO,max Pre Test, VO - Post - VO,max Post Test
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Table 3. Paired samples t-test with effect sizes

Variable t df P Cohen’s d
Accumulated Distance  -9.64 31 <.001 1.70
Cumulative Time -10.19 31 <.001 1.80
VO,max -9.64 31 <.001 1.72

Effect sizes were calculated using Cohen’s d, which
indicates large improvements in all performance metrics.

Discussion

The findings of the present study, conducted on 32
young university-level soccer players from Visva-Bharati
University, are as follows.

The study’s results clearly showed that the targeted soccer
training performance on YYIRI significantly affected the
university soccer players’ Accumulated distance, Cumulative
time, and VO,max.

The increased performance of accumulated distance,
cumulative time, and VO,max of the soccer players are due
to the regular practice of the scheduled training program
and the discipline of the players. The capacity for human
exercise performance can be enhanced with prolonged
exercise training (Hughes, Ellefsen, & Baar, 2018), and
increases in mitochondrial enzymes primarily enhance
aerobic endurance capability in the muscle (Chandler, 1994).
The improvement in stroke volume that results from the
enlargement of red blood cells, which adapts independently
of changes in red blood cell volume, is a significant factor in
training-induced increases in VO,max (Lundby, Montero,
& Joyner, 2017). After 12 weeks, one must increase maximal
oxygen absorption, glycolytic enzyme activity, and IR2 test
performance (Izzo et al., 2020). Athletes perform better
in the Yo-Yo IR tests at greater levels of competitiveness,
according to evaluations of elite athletes in various sports
involving intermittent exercise (Schmitz et al., 2018). The Yo-
Yo intermittent tests, which include data across recreational
and competitive levels, age, and gender, are said to be the
field testing in soccer that has been meticulously studied
(Izzo et al., 2020; Pévoas et al., 2023; Priya, 2024).

Training increases stroke volume and cardiac output,
boosting VO,max (Amanda, Ryan, & Constance, 2011). The
trained group experienced a significant increase in VO,max
compared to the untrained group. Highly trained athletes
had lower resting heart rates (Whyte, George, & Shavi, 2008).
The trained group recovers more quickly from exercise than
the untrained group (Dupuy et al., 2024).

In a study, it was demonstrated that Players in the small-
sided games (SSG), speed endurance (SER), and combined
SSG & SER groups improved Yo-Yo IR1 and Yo-Yo IR2 test
performance as compared to the statistically significant
control group (Akdogan et al., 2021).

Various previous training studies have shown that
improvement in VO,peak is closely linked to enhancement
in Yo-Yo IRI test performance (Impellizzeri et al., 2008;
Ferrari et al., 2008; Spencer et al., 2005; Hunter et al., 2011).
Paes et al., in their study, directly measured VO,peak
during Yo-Yo test performance using portable spirometry.
The key finding was that changes in direction affect the
physiological parameters evaluated during physical tests
(Paes & Fernandez, 2024).

This study has some limitations. First, the quasi-
experimental design lacked a randomized control group,
restricting causal inferences. Second, the sample was drawn
from a single university, limiting the generalizability to other
populations. Third, participant self-discipline and external
activities were not tightly monitored, which could have
influenced results. Future studies should consider using
randomized controlled trials with larger and more diverse
samples.

Conclusions

The twelve-week targeted soccer training intervention
significantly improved Yo-Yo intermittent recovery
performances, including accumulative distance, cumulative
time, and VO,max in young university-level soccer players.
Statistical analysis, supported by paired samples t-tests,
revealed substantial gains in post-test scores compared to
pre-test scores, highlighting the program’s effectiveness.
These improvements can be attributed to regular practice,
disciplined training regimens, and the players’ adherence
to the scheduled training program. These findings suggest
that university coaches can effectively implement structured,
periodized training interventions to improve aerobic
endurance in competitive players, even within academic
environments. The enhanced aerobic endurance, increased
stroke volume, and greater cardiac output resulting from
prolonged training contribute significantly to the observed
improvements in performance.

Furthermore, the study aligns with existing research
indicating that increased VO,max and enhanced aerobic
capacity are vital components of athletic performance, par-
ticularly in sports requiring intermittent and high-intensity
efforts, such as soccer. The positive outcomes of this training
protocol support its potential application in developing uni-
versity soccer players’ aerobic and endurance capabilities.

Future research should aim to explore the long-term
impact of varied training interventions on VO,max and
performance metrics, as well as the effects of individual
variability in response to training. Additionally, integrating
sport-specific drillsand monitoring physiological parameters
during training could further optimize the effectiveness of
targeted soccer training programs.
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Bnaus LinboBuUX TpeHyBanbHUX iHTepBeHUin 3 yT60Ny
Ha pe3synbraTuBHicTb Mo-No TecTy nepepuByacroro
BifHOBNEHHA Yy PpyTOONICTIB YHIBEPCUTETCHKOrO PiBHA

Tonman Yanppa Caxa'A“PE, Yanpman [llay "%, Bekip Epxan Opxan®A“P, IIpem Kymap Kapak'45€P,
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'VuiBepcuter BicBa-bxapari

*CraMOy/IbChbKMIT YHIBepcuTeT AtijiiHa

’TapkecBapCcbKuil KOMEIK

*YuiBepcurer ICFAI

ABTOpPCHKMIT BKIAJ: A — Am3aitH gocmipkenHs; B — 36ip ganux; C — crarananis; D — migroroska pykormucy; E — 36ip komrtis

Pedepar. Crarts: 7 ¢., 3 Tabn., 8 puc., 28 mxepernt.

Icropis mutanna. Ipa y ¢pyrbon BuMarae BUCOKOI BUTPMBAIOCTI, MIBUAKOCTI Ta aepoOHOI 3[aTHOCTI, 1110 Bu3Havae ¢i-
3MYHY Hif[IOTOB/IEHICTh KTI0UOBUM (aKTOpoM pesynbratusHOCTi. Vio-Vlo Tect mepepupuactoro sinHosnenus pisusa 1 (Yo-Yo
Intermittent Recovery Test Level 1, YYIRI) € mocToBipHNMM ITOEOBUM TECTOM /1A OLIHKM 3a3HAYeHNX AKOCTel PyTOOMCTIB.

Mera gocmimxeHHs. Lle gocmipkeHHs MajIo Ha MeTi OLIIHNTY BIUIUB 12-TIDKHEBOI L{i/IbOBOI IPOrpaMu TpeHyBaHb 3 Gy ToOoIy
Ha aepoOHY BUTPUBAIICTh (yTOOMTICTIB-40/TOBIKIB YHIBEPCUTETCHKOTO PiBHSL.

Marepianu Ta MeTogm. Y JOCTIIPKEHHI 3aCTOCOBaHO KBasieKCIepyMeHTa/IbHMIT J3aliH MepeiTeCTOBOrO i MiC/IATeCTOBOrO
eTamiB 3a y4acTio 32 GpyTOO/iCcTiB-40/T0OBIKIB YHiBEpCUTETCHKOTO PiBHA (BikoM 17-25 pokiB), AKi HaBYamucsA B yHiBepcuTeTi BicBa-
bxapari (Visva-Bharati University). YyacHuku npoiimnm 12-TyKHeBY LiNIbOBY Iporpamy ¢yTOonbHIUX TpeHyBaHb. IlokasHUKI
aepoOHOI BUTPUBAIOCTI OL[iHIOBA/INCH 3a oroMoroio TecTy YYIRI, Akuit BU3Ha4aB aKyMy/lIbOBaHY AMUCTAHIIIIO, KyMYIATUBHUI
4ac Ta piBeHb MaKCMMa/IbHOTO CHOKMBAHHA KMcHIO (VO,max) mepey Ta mic/is 3aBepIlleHHs iHTepBeHIIil. AHaIi3 JaHNX IPOBOANB-
s i3 BUKOPUCTAHHAM t-KpUTepiiB JyIA MapHNUX BUOIPOK, piBeHb 3HAYYIIOCTI BCTAHOB/IEHO Ha MO3Ha1i p < 0,05.

Pesynbratu. Y nmocrintepBeHIiiiHoMy nepioni cepen 32 ¢yt6omicTiB-40/10BiKiB YHIBepCUTETCHKOTO PiBHS CHOCTEpPIramucs
3HAYHI MMOKpallleHHs MOKasHMKIB: aKyMy/IbOBaHOI AMcTaHLii (cepepHiit mpupict = 312,5 MeTpis, d = 1,70), KyMY/IATUBHOIO Yacy
(cepennitt mpupict = 2,54 xBununn, d = 1,80) ta VO, max (cepepHiit mpupict = 2,62 Mia/Kr/xB, d = 1,72), yci HOKa3HUKM CTAHOBUIN
p <0,001.

BucHoBKM. 3TiffHO 3 pe3ynbTaTaMy HOCTiPKEHHA BCTAaHOBIICHO, IO 12-TIHKHeBa IIiTboBa TPeHyBanbHa iHTepBeHIid 3 ByT-
00Ty CIIpusiIa CTaTUCTIYHO 3HAYYIOMY HOKpAIlleHHIO MOX/IMBOCTEN aepoOHOI BUTPUBaNOCTi Y pyTOOMICTIB yHIBEPCUTETCHKOTO
PiBHA, IIPO 110 CBifiYaTh IOJIINIIEHHA IOKa3HMKIB 3a pe3ynbraTamu TecTy Y YIRI.

Kmrouosi cnoBa: gpyr601, Mo-Vo tect nepepupyactoro BigHoBneHHs piBHA 1, VO,max, aepo6Ha Mi[roTOBNEHICTb, TPeHy-
BaHHA Ha BUTPUBAJICTh.
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