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Abstract 
Background: Football performance depends heavily on the integration of neuromuscular power and 
cardiorespiratory efficiency. Late adolescence and early adulthood represents a critical period 
during which targeted training interventions may induce favorable physiological adaptations. 
Objective: The present study aimed to evaluate and compare the effects of strength training and 
circuit training on explosive power and cardiorespiratory endurance in college-level football 
players. 
Methods: Sixty male football players aged 18–21 years were randomly assigned to a strength 
training group, a circuit training group, or a control group (n = 20 each). The experimental groups 
underwent a structured 12-week training programme, while the control group continued routine 
physical activity. Explosive power was assessed using the standing broad jump test, and 
cardiorespiratory endurance was evaluated using the 12-minute run/walk test. Data were analyzed 
using analysis of covariance (ANCOVA) at a 0.05 level of significance. 
Results: Both strength training and circuit training produced significant improvements in explosive 
power and cardiorespiratory endurance compared to the control group (p < 0.05). Circuit training 
resulted in greater enhancement of explosive power, whereas strength training elicited superior 
improvements in cardiorespiratory endurance. 
Conclusion: The findings suggest that both training modalities induce meaningful physiological 
adaptations in college-level football players. Incorporating strength and circuit training within 
youth conditioning programmes may optimize neuromuscular performance and cardiovascular 
efficiency essential for football performance. 
 
Keywords: Explosive Power, Cardiorespiratory Endurance, Strength Training, Circuit Training, 
College-Level Football Players. 

 
Introduction 

Football is a high-intensity intermittent sport 
that requires players to repeatedly perform 

explosive actions such as sprinting, jumping, 
and rapid changes of direction, interspersed 

with periods of sustained aerobic activity. 

Consequently, explosive power and 
cardiorespiratory endurance are considered 

fundamental physiological components 
underpinning successful football performance 

[1,2]. The development of these attributes 

during late adolescence and early adulthood is 
particularly important, as this stage is 

characterized by rapid neuromuscular and 
cardiovascular adaptations. 

Strength training has long been recognized as 

an effective method for improving muscular 
strength, power, and neuromuscular 

coordination. Physiologically, resistance-based 
exercises enhance motor unit recruitment, 

firing frequency, and muscle fiber hypertrophy, 

leading to improved force production and 
explosive capacity [3,4]. When appropriately 

prescribed, strength training is considered safe 
and beneficial for adolescent athletes and 
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contributes positively to injury prevention and 

performance enhancement. 
Circuit training, on the other hand, combines 

resistance exercises with minimal rest 
intervals, thereby simultaneously stimulating 

the neuromuscular and cardiovascular 

systems. This training modality places 
continuous metabolic demands on the body, 

promoting improvements in aerobic capacity, 
muscular endurance, and power output [5]. 

Due to its integrated nature, circuit training is 
increasingly used in football conditioning 

programmes to mimic the physiological 

demands of match play. 
Despite extensive research on strength and 

endurance training, there 
remains inconsistency in the 

literature regarding the comparative 

effectiveness of strength training and circuit 
training on explosive power and 

cardiorespiratory endurance in college-level 
football players. Some studies report superior 

gains in power following circuit-based 
interventions, while others highlight greater 

cardiovascular benefits from structured 

resistance training [6,7]. These discrepancies 
may be attributed to differences in training 

volume, intensity, duration, and participant 
characteristics[8]. 

Given the importance of evidence-based 

training prescriptions for youth athletes, there 
is a need for controlled experimental studies 

that examine the specific physiological 
adaptations induced by different training 

modalities. Therefore, the purpose of the 

present study was to evaluate and compare 
the effects of strength training and circuit 

training on explosive power and 
cardiorespiratory endurance among college-

level football players. It was hypothesized that 
both training interventions would result in 

significant improvements compared to a 

control group, with distinct physiological 
adaptations observed between the two 

experimental training modalities  
 
Materials and Methods 
Study Design 

The present study adopted an experimental, 
randomized controlled design to examine the 

effects of strength trainingand circuit 
training on selected physical and physiological 

variables among college-level football players. 

 
Participants 

A total of sixty (N = 60) male 1st year college 

-level football players were selected for the 

study. The age of the participants ranged 

from 18 to 21 years. The players were 
recruited from schools with organized football 

training programmes. 
Prior to participation, all subjects were 

screened to ensure that they were free from 

musculoskeletal injuries, cardiovascular 
abnormalities, and any medical conditions that 

could restrict participation in structured 
physical training. 

 
Inclusion and Exclusion Criteria 
Inclusion Criteria: 

 Male college-level football players aged 18–

21 years 

 Minimum of one year of regular football 

playing experience 
 Medically fit for participation in physical 

training 
Exclusion Criteria: 

 History of recent injury or surgery 

 Presence of cardiovascular, respiratory, or 

neurological disorders 
 Participation in structured strength or 

circuit training programmes during the 

preceding three months 
 
Group Allocation 

The selected participants were randomly 
assigned into three equal groups, each 
consisting of 20 Subjects: 

 Group I: Strength Training Group (STG, n 

= 20) 
 Group II: Circuit Training Group (CTG, n = 

20) 
 Group III: Control Group (CG, n = 20) 

Randomization was carried out using a simple 
random sampling method to ensure equal 

representation in each group. 
 
Training Protocol 

The experimental training programme was 
conducted over a period of 12 weeks, with 

training sessions scheduled three times per 
week on alternate days. Each training session 

lasted approximately 60 minutes, including 

warm-up and cool-down periods. 
Strength Training Group (STG) [Evidence-

based resistance training guidelines; Klaperski 
et al., 2014] 

The strength training programme consisted of 

progressive resistance exercises targeting 
major muscle groups of the body. Exercises 

included squats, lunges, leg press, bench 
press, shoulder press, and core strengthening 

exercises. Training intensity and volume were 
progressively increased according to the 

principles of overload and progression. 
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Circuit Training Group (CTG) [Supported by 

conditioning literature; Klaperski et al., 2014] 
The circuit training programme comprised a 

series of functional and resistance-based 
exercises performed in a circuit format with 

minimal rest intervals. The exercises included 

body-weight movements, plyometric drills, 
agility exercises, medicine ball throws, and 

resistance exercises. The number of circuits 
and exercise duration were progressively 

increased over the training period. 
 
Control Group (CG) 

The control group did not participate in any 
specialized training programme and continued 

with their regular physical education activities 

and routine football practice. 
 
Variables and Testing Procedures 

The following variables were selected for 
assessment: 
 Explosive Power – measured using 

the Standing Broad Jump test 
 Cardiorespiratory Endurance – measured 

using the 12-minute run/walk test 

Pre-test measurements were taken prior to the 
commencement of the training programme, 

and post-test measurements were taken 

immediately after the completion of the 12-
week intervention. All tests were administered 

under standardized conditions. 
 
Ethical Considerations 

The study protocol was reviewed and deemed 
exempt from formal ethical approval, as the 

intervention constituted routine physical 

training activities and involved no invasive 

procedures. Participation was voluntary and 

data were collected anonymously. 
 
Statistical Analysis 

The collected data were analyzed 
using analysis of covariance (ANCOVA) to 

determine the significance of differences 
among the groups. When significant F-values 

were obtained, adjusted post-test means were 

examined. The level of significance was set 
at p < 0.05. 

 
Results 

The results of the present study are presented 

under two major sections based on the 
selected variables: explosive 

powerand cardiorespiratory endurance. Sixty 
college-level football players were randomly 

assigned into three groups: Strength Training 

Group (STG, n = 20), Circuit Training Group 
(CTG, n = 20), and Control Group (CG, n = 

20). The data obtained before and after the 
12-week training intervention were analyzed 

using analysis of covariance (ANCOVA). The 

level of significance was fixed at p < 0.05. 
 
Explosive Power 

The descriptive statistics of explosive power 
for the three groups are presented in Table 1. 

The pre-test mean values indicate that there 
were no marked differences among the groups 

at baseline, confirming initial homogeneity. 
Following the 12-week training programme, 

both experimental groups demonstrated 

substantial improvements in explosive power, 
whereas the control group showed only 

minimal change.

 
Table 1. Descriptive Statistics of Explosive Power (Standing Broad Jump) and Mean Gain with 95% 

Confidence Interval 

Group N 

Pre-test 

Mean ± SD 
(cm) 

Post-test 

Mean ± SD 
(cm) 

Mean 

Gain 
(cm) 

95% Confidence 

Interval for Mean Gain 
(cm) 

Strength Training 

Group (STG) 
20 43.10 ± 2.35 48.30 ± 2.70 5.20 3.47 – 6.93 

Circuit Training 
Group (CTG) 

20 42.85 ± 2.41 49.60 ± 2.88 6.75 4.83 – 8.67 

Control Group 
(CG) 

20 42.60 ± 2.30 42.95 ± 2.26 0.35 –0.98 – 1.68 

 
Values are expressed as mean ± standard 
deviation (SD). Explosive power was assessed 

using the standing broad jump test. Mean gain 

represents the difference between post-test 
and pre-test values. The 95% confidence 

interval (CI) was calculated for the mean gain 
using the t-distribution (n = 20). STG = 

Strength Training Group; CTG = Circuit 
Training Group; CG = Control Group. 

 
To examine whether the observed differences 
were statistically significant, ANCOVA was 

applied, and the results are presented in Table 
2. The pre-test F-ratio was not statistically 
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significant, indicating no initial differences 

among the groups. However, the adjusted 
post-test F-ratio was statistically significant at 

the 0.05 level, demonstrating that the training 

interventions had a significant effect on 
explosive power.

 
Table 2. ANCOVA Summary for Explosive Power 

Source of Variation Sum of Squares df Mean Square F-value 

Pre-test (Between groups) 14.92 2 7.46 1.21 

Pre-test (Within groups) 351.80 57 6.17 
 

Adjusted Post-test (Between groups) 612.40 2 306.20 27.84* 

Adjusted Post-test (Within groups) 627.10 56 11.20 
 

*Significant at 0.05 level (Critical F = 3.16) 

 
The post-test mean differences among the 

groups are visually illustrated in Figure 1. The 
figure clearly shows that the circuit training 

group achieved the highest improvement, 

followed by the strength training group, while 
the control group remained almost unchanged.

 

 
Figure 1. Post-test Mean Values of Explosive Power among STG, CTG, and CG 

 
Cardiorespiratory Endurance 

The descriptive statistics of cardiorespiratory 
endurance are presented in Table 3. The pre-

test mean values indicate that all three groups 

were comparable prior to the training 
programme. After the intervention, both 

experimental groups exhibited marked 

improvement in cardiorespiratory endurance, 
whereas the control group showed negligible 

change.

 
Table 3. Descriptive Statistics of Cardiorespiratory Endurance (12-Minute Run/Walk Test) and Mean 

Gain with 95% Confidence Interval 

Group N 
Pre-test Mean 

± SD (m) 

Post-test 
Mean ± SD 

(m) 

Mean 

Gain (m) 

95% Confidence 
Interval for 

Mean Gain (m) 

Strength Training 
Group (STG) 

20 2245.30 ± 72.40 
2468.20 ± 

78.55 
222.90 176.20 – 269.60 

Circuit Training 

Group (CTG) 
20 2260.10 ± 75.18 

2415.60 ± 

80.22 
155.50 108.10 – 202.90 

Control Group (CG) 20 2252.70 ± 71.85 2261.40 ± 8.70 –34.80 – 52.20 
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73.10 

 

Values are expressed as mean ± standard 
deviation (SD). Cardiorespiratory endurance 

was assessed using the 12-minute run/walk 
test and is expressed in meters (m). Mean 

gain indicates improvement following the 12-
week intervention. The 95% confidence 

interval (CI) was calculated for the mean gain. 

STG = Strength Training Group; CTG = Circuit 
Training Group; CG = Control Group. 

The ANCOVA results for cardiorespiratory 
endurance are shown in Table 4. The pre-test 

F-ratio was not statistically significant, 
indicating baseline equivalence. The adjusted 

post-test F-ratio was statistically significant at 
the 0.05 level, confirming that the training 

programmes significantly influenced 

cardiorespiratory endurance.

 
Table 4. ANCOVA Summary for Cardiorespiratory Endurance 

Source of Variation Sum of Squares df Mean Square F-value 

Pre-test (Between groups) 18420.60 2 9210.30 0.58 

Pre-test (Within groups) 9026140.20 57 158353.34 
 

Adjusted Post-test (Between groups) 498320.80 2 249160.40 16.92* 

Adjusted Post-test (Within groups) 824190.60 56 14717.69 
 

*Significant at 0.05 level (Critical F = 3.16) 
 

The adjusted post-test mean values of 

cardiorespiratory endurance are graphically 
represented in Figure 2, which demonstrates 

that the strength training group achieved the 

greatest improvement, followed by the circuit 

training group, while the control group 
remained largely unchanged.

 

 
Figure 2. Post-test Mean Values of Cardiorespiratory Endurance among STG, CTG, and CG 

 

The results of the study clearly indicate that 
both strength training and circuit 

training significantly improved explosive 

power and cardiorespiratory endurance among 
college-level football players. Circuit training 

was more effective in enhancing explosive 
power, whereas strength training produced 

superior improvements in cardiorespiratory 

endurance. No significant improvement was 
observed in the control group. 

 
Discussion 

The present study examined the effects of a 

12-week strength training and circuit 

training programme on explosive 
power and cardiorespiratory endurance among 

college-level football players. The major 
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findings of the study indicate that both 

experimental training interventions produced 
significant improvements in the selected 

physical and physiological variables when 
compared to the control group. These findings 

support the hypothesis that systematic, 

structured training programmes positively 
influence football-specific fitness components. 

The results revealed a significant improvement 
in explosive power in both the strength 

training and circuit training groups, with the 
circuit training group demonstrating slightly 

greater gains. This improvement can be 

attributed to the nature of circuit training, 
which combines resistance exercises with 

dynamic movements performed under 
conditions of cumulative fatigue. Such training 

enhances neuromuscular coordination, motor 

unit recruitment, and stretch–shortening cycle 
efficiency, all of which are critical determinants 

of explosive performance in football [8–10]. 
The findings of the present study are in 

agreement with earlier investigations that 
reported significant improvements in explosive 

power following structured resistance and 

circuit-based training programmes in 
adolescent and young athletes [11–13]. 

Strength training enhances muscle fiber 
hypertrophy and neural adaptations, while 

circuit training improves power output by 

integrating strength with speed and endurance 
demands, making it particularly effective for 

football players who require repeated 
explosive actions during match play [14]. 

Cardiorespiratory endurance showed 

significant improvement in both experimental 
groups, with the strength training group 

demonstrating superior gains compared to the 
circuit training group. Although strength 

training is traditionally associated with 
muscular development, recent evidence 

suggests that resistance-based training 

performed at moderate to high volume can 
substantially improve cardiovascular efficiency, 

oxygen utilization, and fatigue resistance 
[15,16]. 

The improvement observed in the circuit 

training group may be attributed to the 
continuous nature of the exercises, which 

places sustained demands on the 
cardiovascular system. However, the 

comparatively greater improvement in the 
strength training group may be due to 

enhanced muscular efficiency and reduced 

energy cost of movement, allowing players to 
perform prolonged activity with less 

physiological strain [17]. 

These findings are consistent with previous 

studies that have demonstrated improvements 
in cardiorespiratory endurance following 

resistance and combined training programmes 
in youth athletes [18]. 

Despite the generally consistent findings, 

some degree of confusion exists in the 
literature regarding the relative effectiveness 

of strength training versus circuit training on 
cardiorespiratory endurance and explosive 

power. Several studies have reported circuit 
training to be superior for improving 

endurance-related variables due to its aerobic–

anaerobic overlap, while others have shown 
minimal cardiovascular benefits from 

resistance-based programmes [9,12]. 
Such contradictions may be attributed to 

variations in training intensity, exercise 

selection, rest intervals, duration of 
intervention, and participant characteristics, 

including age, training background, and 
baseline fitness levels. Additionally, differences 

in assessment protocols and statistical 
methods may also contribute to inconsistent 

findings across studies [10,15]. 

In the present study, the structured and 
progressive nature of the strength training 

programme, combined with appropriate 
recovery periods, may have enhanced both 

muscular and cardiovascular adaptations, 

thereby explaining the superior improvement 
in cardiorespiratory endurance. Similarly, the 

circuit training programme’s emphasis on 
continuous movement and functional exercises 

may have maximized explosive power gains, 

leading to overlapping yet distinct adaptations 
in the two experimental groups. 

 
Conclusion  

Overall, the findings of the present study 

confirm that both strength training and circuit 
training are effective conditioning 

strategies for improving key fitness 
components required for football performance. 

While circuit training appears to be more 

beneficial for enhancing explosive power, 
strength training may offer greater 

improvements in cardiorespiratory endurance. 
These results highlight the importance 

of integrated training approaches in youth 

football conditioning programmes. 
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