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ABSTRACT

Background Problem: The integration of interval training pfdgrams has emerged as a focal point for enhancing
the cardiorespiratory endurance and muscular endurance of players. The main purpose of the present study is to
investigate the effect of interval training program on cardiorespiratory endurance and muscular endurance of
football payers. Method: A total of thirty male football players (age 18-24 year) were selected from Imphal West
District, Imphal, Manipur (India) who participated in the national level competition. The subjects were randomly
assigned into two equal groups, experimental group (n = 15) and control group (n = 15). Before the intervention
featuring a six-week interval training program five days of sessions per week (Monday to Friday) each lasting 60
minutes, groups underwent initial assessments through which Cooper’s 12-minute run/walk test for
cardiorespiratory endurance and bent-knee sit-ups for muscular endurance. Pre and post-test scorefunderwent
statistical analysis, utilizing descriptive statistics and the Analysis of Covariance test (ANCOVA). The level of
significance was set at 0.05 level of confidence. Results: The experimental group showed improved scores in the
cardiorespiratory endurance and muscular endurance compared to the control group (p < 0.05). The mean of the
cardiorespiratory endurance and muscular endurance for pretest and posttest of the experimental group were 25.68
@ 25.85 and 27.82 £ 26.25 respectively. The mean of the cardiorespiratory endurance and muscular endurance for
pre-test and post-test of the control group were 28.24 £ 28.42 and 32.58 + 28.80 respectively. Conclusion: It was
concluded that the interval training program group had shown significantly improved cardiorespiratory endurance
and muscular endurance and the control gf§up had insignificant improvement. It was confirmed that a six weeks
interval training program was effective to improve the cardiorespiratory endurance and muscular endurance of
football players.
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INTRODUCTION

In the last decade, various scientific studies have assessed endurance training techniques suitable for soccer
players. Such training takes the form of standardized running drills or is structured through small-sized games.
Recent breakthroughs in these training methods include the application of tracking technology to monitor
player performance and progress, which allows coaches to tailor training programs more effectively (Cossich
et al., 2023, Seckin et al., 2023). In addition, recent studies have shown that the combination of strength and
endurance training improves players’ ability to maintain stamina during matches, extending their ability to
play at high intensity until the end of the match (Hughes et al., 2018). Although high-intensity aerobic training
is beneficial for endurance events such as running and cycling, its limitations in relation to football need to be
recognized (Wang & Zhang, 2023).

Modern football is very fast by its nature, the spectators and the players enjoy the game. Nowadays with
the demand for high sports performance the concept of football has been changed (Farooque et al., 2023a).
The concept of football has applied skill, technical, tactical development, development of all-important motor
components and physiological parameters which are closely associated and contributes to performance in
football (Farooque et al., 2023b). Enhanced endurance has proven advantageous for top-tier football
performance. It leads to increased overall and high-intensity running during matches, along with less of a drop
in match intensity during the latter half (Faude et al., 2013). Not only technical, physiological development,
the sports scientists are also making efforts to develop the intellectual ability of the football players. As in the
literature, it has been shown that endurance. speed, agility, maximum leg strength, upper body strength, leg
power, muscular endurance, flexibility, coordination, and reaction time are important prerequisites for
efficient football performance (Singh, 2016; Turner & Stewart, 2014; Yan et al., 2022).

It must execute skilled movements under generalized conditions of restricted space, limited time, physical
and mental fatigue and opposite players (Farrow & Robertson, 2017). The skills involved in the game are
simple, natural and yet are highly stimulating and satistying to anyone who participants in the game (Ryan et
al., 2018). It is one of those rare games which demands not only speed but agility, strength, power, and
endurance along with skill (Singh et al., 2022b). Training is essentially a preparation of the individual athlete
so that he can withstand competition stress when he encounters and performs to maximum effectiveness
(Mujika et al., 2018). Soccer training process is partly designed to improve the capacities of individual players
to ensure a capability to cope with the loads that competitive match play involves (Barrera-Diaz et al., 2023).
A high level of match play, which involves kicking, short sprinting, throwing, catching, trapping, etc. (Halder
& Chakraborty, 2014). The activities of the game include short sprinting as well as casual recovery
movements. As the players have to cover a big area in the ground during attack and defense, the game demands
the activities of the game include short sprinting as well as casual recovery movements for aerobic as well as
anaerobic fitness (Mohr et al., 2022).

The implementation of a well-developed interval training program helps soccer players to maintain
repetitive high-intensity actions during a soccer match, accelerate their recovery process, and maintain their
physical condition at an optimum level throughout the entire game and competition season (Novack et al.,
2018). Interval training is a training system interspersed with intervals in the form of periods of rest, such as
running - resting - running - resting and so on (Harrison et al., 2015). Before conducting the interval training
method, a training plan or training program must be prepared first (Briand et al., 2022). There are several
factors that must be planned as thoroughly as possible in the interval training program so that the objectives
and results of the exercise can be achieved, including: the duration of the exercise, the load (intensity) of
training, sets and repetitions (repetitions) of each set, recovery (resting period), and frequency of exercise in a
week (Atakan et al., 2022).

In training, rest time is very important between each repetition of training load one to the next training load
to restore athlete’s fitness to be able to carry out the next exercise (Reiman & Lorenz, 2011). Improving
explosive activities and aerobic endurance simultaneously is crucial for soccer players, but the outcomes of
combining muscle strength and endurance training have varied in previous studies. Some found they
complement each other, enhancing various aspects like maximal oxygen uptake and aerobic speed, while
others observed interference, possibly due to strength training's potential to hinder aerobic improvements by
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promoting muscle hypertrophy and reducing oxidative enzymes (Mackata et al., 2019). Conversely, endurance
training boosts mitochondrial capacity but might impact explosive performance negatively. Interestingly, there
is no prior research on how interval training specifically affects amateur soccer players. This study delves into
the efficacy of interval training in enhancing both cardiorespiratory endurance and muscular endurance,
essential facets for sustaining peak performance in the dynafhic sport of football. By meticulously examining
the effects of this training program. Therefore, the objective of the study is to find the effect of interval training
on cardiorespiratory endurance and muscular endurance football players.

METHOD

Total thirty male football players were randomly selected from the Imphal West District, Manipur (India)
who participated in the national level competition. The age groups of subjects were ranged between 18 to 24
years. To measure the cardiorespiratory endurance by using the cooper’s 12 minutes run/walk test and the
muscular endurance by using the bent knees sit ups test was selected as a test administered. The criterion
measures for administering the tests for cardiorespiratory endurance by using the cooper’s 12 minutes
run/walk test and recorded in minutes (Castro-Pifiero et al., 2021).

The muscular endurance by using the bent knees sit ups test was used and measured in number (count in
correct number) in per minutes. The goal of the study was to determine how interval training improved football
players’ cardiorespiratory and muscular endurance. Two equal groups of participants, the experimental group
(n = 15) and the control group (n = 15), were randomly allocated. The groups were measured before the
intervention with the interval training. The parameters selected for the study were cooper’s 12 minutes
run/walk test for cardiorespiratory endurance and bent knees sit ups for muscular endurance. The interval
training programs were carried out for the period of six weeks, five days training (Monday to Friday) and 60
minutes each session to the training group where the control group did not receive a specific exercise. In
additon, this research has been proceeding from 25th October to 25th December 2022.

From the purpose of the study, the study has been training followed by the six-week interval training
program. These training program by following the recommended exercise allowance which was suggested in
Donath et al. (2014) and Hogan et al. (2013), we have processed total 60 minutes work out with warm-up
exercise for 10 min, main exercise for 40 min, warm-down exercise for 10 min. The exercise was applied for
6 weeks with 5 times a week. With increasing the scale and number of exercise movements which increases
the intensity of exercise (Singh et al., 2018), we have created a routine that stays within the limits of the peak
performance exercise intensity that was previously defined. In addition, when practicing each move, we have
focused on safety more than accuracy so we suggested a bit changed movement in parts which was tough to
follow. The specific contents of the weekly training programmeme and the interval training programmeme are
presented in Tables 1 and 2.

Table 1. Weekly Training Program for Interval Training

SI. No Particulars Duration
L. Number of weeks 6 weeks
2. Number of sessions per week 60 minutes
3. Duration of each training 45 minutes
4. Rest interval between repetition 3 minutes
5. Rest interval between exercise 1 minute
6. ‘Warm up and cooling down 15 minutes

Table 2. Training Program for Interval Training

Sl. No Days Time Repetition Interval Training

1 Monday 10 mins. - Warm Up
45 mins. 2 Fartlek training
5 mins. - Cooling down

2 Tuesday 10 mins. - Warm Up
45 mins. 9 Sprint interval training
5 mins. - Cooling down

3 Wednesday 10 mins. - Warm Up
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Sl No Days Time Repetition Interval Training

45 mins. 15 High-intensity interval training
5 mins. - Cooling down

4 Thursday 10 mins. - Warming Up
45 mins. 2 Fartlek training
5 mins. - Cooling Down

5 Friday 10 mins. - Warm Up
45 mins. 9 Sprint interval training
5 mins. - Cooling down

6 Saturday Rest Rest -

7 Sunday Rest Rest -

Statistical Analysis

The collected data were entered into an excel sheet and statistical analyses were conducted using the IBM
SPSS software (version 22.0; SPSS Inc., Chicago, IL, USA). The pre and posttest scores where statistical
distribution was tested by using descriptive statistics and analysis of covariance test (ANCOV A) was applied
to examine differences among groups. The level of significance used in the statistical analyses was 0.05.

Ethical Approval:
The study was approved by the Institutional Human Ethical Committee of Manipur University, Canchipur,
Imphal (India) with Ref. No. MU/IHEC/2022/021 and informed consent was obtained from the participants.

RESULT AND DISCUSSION
The result of the study showed that there was significant improvement of cardiorespiratory endurance of
selected subjects of the experimental and control group. The descriptive analysis of data collected of pretest

and posttest after six weeks of interval training of the experimental and control group was presented in Table
3.

Table 3. Pre and Post Means Score of Cardiorespiratory Endurance for Experimental and Control Group

Experimental Control  Sourceof  Sum of Mean
Variables Test e o Variance Sq df Sq F’ Ratio
Between 1.1374 2 1.1374
- . o] bl 2
Pretost 25.68 25.85 Within 3020 28 1.0640 1620
Between 1.391 2 1.391
v g 7 Q7 "% 7 s
Rc(sdilli]llt(())r , Posttest 27.82 26.25 Within 3726 8 1310 14.640
En‘(g’mflm; Adjusted Between 753798 2 75379.8
‘ st mes 26. 25. 84
P‘”’:C':C n 6.86 >-88 Within 457542 27 25158 o8 84
Mean Diff. 214 0.04

Significant at .05 level, Table F-ratio at 0.05 level of confidence for 2 and 28 (df) =4.20 and 57 (df) =4.215.

As shown in Tables 3, the obtained pre-test means on cardiorespiratory endurance on interval training group
was 25.68 and control group was 25.85. The obtained pre-test F-value was 1.620 and the required table F-
value was 4.20, which proved that there was no significant difference among initial scores of the subjects. The
obtained post-test means on cardiorespiratory endurance on interval training group was 27.82 and control
group was 26.25. The obtained post-test F-value was 14.640% and the required table F-value was 4.20, which
proved that there was significant difference among post-test scores of the subjects. Taking into consideration
of the pre-test means and post-test means adjusted post-test means were determined and analysis of covariance
was done and the obtained F-value 58.84* was greater than the required value of 4.20 and hence, it was
accepted that there were significant differences among the treated groups. Further, the mean score of
cardiorespiratory endurance for the experimental group, control group, and adjusted post mean test were
presented in Figure 1.
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Figure 1. Graphical Presentation on Pre and Post Means Score of Cardiorespiratory Endurance for Experimental Group,
Control Group and Adjusted Post Mean Test

Since, significant differences were recorded, the results were subjected to post hoc analysis using Scheffe’s
Confidence Interval test. The results were presented in Table 4.

Table 4. Scheffe’s Confidence Interval Test Scores on Cardiorespiratory Endurance
Experimental Group Control Group Mean Difference Required CI
26.86 25.88 -1.09 4.00

Further, the result of the study showed that there was insignificant improvement of muscular endurance of
selected subjects of the experimental and control group. The descriptive analysis of data collected of pretest
and posttest after six weeks of interval training of the experimental and control group was presented in Table
5.

Table 5. Pre and Post Means Score of Muscular Endurance for Experimental and Control Group.

v T Ppomme Gl gy e n
pessomasome G S0 0o,

Muscular Posttest 3238 8 U asos s 16 26207

Endurance Ad_]ustedtcz(l)st mean 3442 30.04 B\;l"l\::if:] 2;882288 227 2;8838 85 8%
Mean Diff. -4.34 -0.38

Significant at .05 level, Table Fratio at 0.05 level of confidence for 2 and 28 (df) = 4.20 and 57 (df) = 4.215.

As shown in Table 5, the obtained pre-test means on muscular endurance on interval training group was
28.24 and control group was 28 42. The obtained pretest F-value was 3.40 and the required table F-value was
4 .20, which proved that there was no significant difference among initial scores of the subjects. The obtained
posttest means on muscular endurance on interval training group was 32.58 and control group was 28.80. The
obtained posttest F-value was 26.20* and the required table F-value was 4 .20, which proved that there was
significant difference among posttest scores of the subjects. Taking into consideration of the pretest means
and posttest means adjusted posttest means were determined and analysis of covariance was done and the
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obtained F-value 85.82* was greater than the required value of 4.20 and hence, it was accepted that there were
significant differences among the treated groups. Further, the mean score of muscular endurance for the
experimental group, control group, and adjusted post mean test were presented in Figure 2.

3004

MUSCULAR ENDURANCE
Adjusted Post Mean Test 40
Contron G
ontron Group 30
Adjusted Post Mean Test Experiemental Grou
Experiemental Group 20 pe P
344 2824

Adjusted Post Mean Test 0 Experiemental Group Pre-Test
i 3258

Experiemental Group Post-Test
28.8

Contron Group Post-Test 2% 42 Contron Group

Contron Group Pre-Test

Figure 2. Graphical Presentation on Pre and Post Means Score of Muscular Endurance for Experimental Group, Control
Group and Adjusted Post Mean Test

Since, significant differences were recorded, the results were subjected to post hoc analysis using Scheffe’s
Confidence interval test. The results were presented in Table 6.

Table 6. Scheffe’s Confidence Interval Test Scores on Cardiorespiratory Endurance
Experimental Group Control Group Mean Difference Required CI
34.42 30.04 236 4.12

The result of the study indicates that the interval training group had significantly improved the selected
dependent variables namely cardiorespiratory endurance and muscular endurance however control group did
not show any improvement on the selected variables as it was not involved in any of the specific training
means. It is inferred from the results of the present study that all the dependent variables were significantly
improved due to the influence interval training program. In the present study, a significant increase was
predicted on endurance in the interval training group. Such advancement is consistent with earlier research on
exercise training. Zhang et al. (2023) and may appear unexceptional. Nevertheless, it is important to note that
these improvements in cardiorespiratory fitness have had a relatively modest effect on the amount of exercise.
In the exercise of about six minutes a day, Fartlek training has been shown to have an equivalent improvement
for maximal oxygen conception as being walked in 45 minutes every day. Furthermore, continuing this level
of training by a further 4-6 weeks has been shown to further improve and in the case of very unfit men by as
much as 25%.

Kulothungan and Kirubananth (2023) conducted a study on effect of aerobic training on performance
during soccer matches and concluded that the training group improved soccer performance by increasing
cardiorespiratory endurance. Zhang et al. (2023) conducted a study of high intensity exercise and concluded
that to sustain muscle contraction, ATP needs to be regenerated at a rate complementary to ATP demand and
which improved the cardiorespiratory endurance (Falcone et al., 2015). Furthermore, Gillen et al. (2016) also
found a significant improvement in sprint performance in adolescent soccer players in response to both high
intensity and high-volume training. The findings of Thomas et al. (2022) showed that there was a significant
improvement in cardiorespiratory endurance after the resistance training program. Singh et al. (2022b)
reported that an experimental group showed improved scores in resting heart rate and cardiorespiratory
endurance compared to the control group (p < 0.05). The findings of Thomas et al. (2022) showed that there
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was a significant improvement in cardiorespiratory endurance after the resistance training program. Singh et
al. (2022b) reported that an experimental group showed improved scores in resting heart rate and
@ardiorespiratory endurance compared to the control group (p < 0.05). The mean of the resting heart rate for
the pre-test and post-test of the experimental group were 58.60 and 5645 respectively. The values of the
cardiorespiratory endurance were 7241 and 80.47 respectively. The significant improvement in skipping rope
training of the experimental group might be due to the six weeks of the soccer players. Skipping rope training
programs significantly improved physiological variables such as resting heart rate and motor fitness variables
such as cardiorespiratory endurance of the male soccer players. Kirthika et al. (2019) and Singh et al. (2022a)
studied the effects of stair climbing on selected endurance parameters such as cardiorespiratory endurance and
muscular endurance among football players, and the result of this study reported that the stair climbing
programmed improves cardiorespiratory endurance and muscular endurance among football players as
compared to the control group.

Moreover, Dodd and Newans (2018) examined the viability of useful preparation for football. They found
that flexibility, power, speed, endurance, and football skills improved after functional training. Gavanda et al.
(2022) also indicated similar results in 7-weeks of functional training on fitness ability outcomes in young
adults. Further, Allison et al. (2017); Bassuk and Manson (2014), and Singh et al. (2022a) observed a critical
enhancement in physical wellness components (speed, endurance, muscular endurance, strength, explosive
power, flexibility, and agility).

CONCLUSION

The study revealed enhancements in both cardiorespiratory and muscular endurance among football players
due to the interval training program, several limitations should be considered. The relatively modest sample
size drawn from a specific geographic region may constrain the broader applicability of these findings to a
more diverse population. Additionally, the absence of varied activities within the control group could have
atfected the observed outcomes, suggesting a need for a more diversified control re gimen to better understand
the specific impact of the interval training program on athletic performance. In conclusion, that the interval
training was significantly improved the endurance parameters such as cardiorespiratory endurance and
muscular endurance among Football players of Imphal West District, Imphal, Manipur (India). In addition,
similar studies may also recommend other games and sports in order to enhance the performance of the players.
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