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Abstract—The present study aimed to compare the differential adaptations in resting heart rate following moderate-intensity
aerobic training and sport-specific skill training among university-level team sport athletes. Resting heart rate is an important
physiological indicator of cardiovascular fitness, autonomic regulation, and training adaptation, and lower resting heart rates
are generally associated with improved athletic performance and recovery. A randomized pre-test and post-test experimental
design was employed for the study. Sixty-three male college athletes aged between 19 and 23 years, representing basketball,
football, and handball, were selected using purposive random sampling. The subjects were randomly assigned into three
groups: Moderate-Intensity Aerobic Training (MIAT; n = 21), Skill Training (SKT; n = 21), and Control Group (CG; n = 21).
The experimental groups underwent their respective training interventions for 12 weeks, while the control group followed their
regular activities without any specialized training programme. Resting heart rate was measured before and after the
intervention period. The collected data were analyzed using the dependent t-test, Analysis of Covariance (ANCOVA), and
Scheffé's post hoc test at a 0.05 level of significance. The findings revealed significant reductions in resting heart rate in both
experimental groups. The dependent t-values of the MIAT (34.92) and SKT (13.29) groups were significantly higher than the
table value (2.08). The ANCOVA results further demonstrated significant differences among the groups (F = 130.37, p <0.05).
The post hoc analysis indicated that both training methods were superior to the control group, with moderate-intensity aerobic
training producing greater improvements in resting heart rate than skill training. The study concluded that moderate-intensity
aerobic training is more effective than sport-specific skill training in eliciting favorable cardiovascular adaptations and
reducing resting heart rate among university-level basketball, football, and handball athletes. The findings highlight the
importance of incorporating aerobic conditioning programmes for enhancing cardiovascular efficiency, recovery capacity, and
overall athletic performance in team sport athletes.

Keywords: Resting Heart Rate, Moderate-Intensity Aerobic Training, Skill Training, Team Sports, Cardiovascular Adaptation,
University Athletes.

I. INTRODUCTION

Team sports such as basketball, football, and handball require a combination of physical fitness, physiological efficiency,
technical proficiency, and tactical decision-making. Success in these sports depends on the athlete's ability to perform repeated
high-intensity activities interspersed with periods of moderate and low-intensity movements. Therefore, physical and
physiological characteristics play a crucial role in determining performance and competitive success. Basketball involves

frequent sprinting, jumping, rapid changes of direction, and intermittent high-intensity actions, demanding both aerobic and
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anaerobic capacities. Since these team sports involve intermittent bouts of exercise, athletes require efficient cardiovascular

and respiratory functioning to maintain performance, delay fatigue, and facilitate rapid recovery during competition.

Physiological variables are essential indicators of an athlete's functional capacity and adaptation to training. Among these
variables, cardiovascular and respiratory adaptations significantly influence sports performance. Regular physical training
produces cardiovascular adaptations such as increased stroke volume, improved cardiac output, enhanced blood circulation,
and a reduction in resting heart rate. These adaptations improve oxygen delivery to working muscles and enhance exercise
efficiency. Respiratory adaptations include improved pulmonary ventilation, greater respiratory muscle efficiency, and
enhanced oxygen exchange. Efficient pulmonary functioning enables athletes to sustain high exercise intensities, recover

quickly between efforts, and maintain performance during prolonged competition.

Moderate-intensity aerobic training refers to continuous rhythmic physical activity performed at approximately 50—70% of
maximum heart rate or 40—60% of oxygen uptake reserve. Activities such as jogging, cycling, and continuous running are
commonly used forms of aerobic exercise. The fundamental principles of moderate-intensity aerobic training include overload,
progression, specificity, and regularity. Training intensity is maintained at a level sufficient to stimulate cardiovascular
adaptations while minimizing excessive fatigue. Physiological adaptations resulting from aerobic training include increased
stroke volume, improved cardiac efficiency, enhanced capillary density, increased mitochondrial activity, and improved

autonomic regulation of the heart. These adaptations often result in a lower resting heart rate and improved exercise economy.

Skill training refers to the systematic practice of sport-specific movements aimed at improving technical proficiency,
coordination, and motor performance. It includes drills designed to enhance passing, shooting, dribbling, throwing, agility,
reaction time, and tactical execution. Types of skill training include closed skills, open skills, repetitive drills, variable practice,
and game-specific exercises. Repeated performance of these skills leads to neuromuscular adaptations such as improved motor
unit recruitment, enhanced movement efficiency, faster reaction times, and better coordination. Skill training contributes
significantly to sport-specific performance by improving movement economy and reducing unnecessary energy expenditure.
Repeated skill execution also produces physiological adaptations, including improved cardiovascular efficiency, enhanced

autonomic control, and better recovery responses, which may positively influence resting heart rate.

Resting heart rate (RHR) is defined as the number of heartbeats per minute when an individual is at complete physical and
mental rest. It is usually measured after a period of quiet sitting or immediately upon waking in the morning. Resting heart rate
is widely considered an important indicator of cardiovascular fitness and autonomic nervous system function. Well-trained
athletes generally exhibit lower resting heart rates due to increased stroke volume, improved cardiac efficiency, and enhanced
parasympathetic activity. A lower resting heart rate indicates that the heart can pump an adequate volume of blood with fewer
contractions, reflecting superior cardiovascular adaptation and exercise efficiency. Resting heart rate is an important
physiological marker of training adaptation and performance readiness in team sport athletes. In addition, reduced resting heart
rate contributes to enhanced performance by improving exercise economy and delaying the onset of fatigue. Athletes with
better cardiovascular efficiency can sustain repeated high-intensity actions, recover quickly during intermittent play, and

maintain optimal performance throughout the duration of the game.
L.I. STATEMENT OF THE PROBLEM

"To compare the differential adaptations in resting heart rate following moderate-intensity aerobic and sport-specific skill

training in university athletes."
LII. OBJECTIVES OF THE STUDY

= To determine the effect of moderate-intensity aerobic training on resting heart rate.
=  To determine the effect of skill training on resting heart rate.

= To compare the effectiveness of both training methods.
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LIII. HYPOTHESES

There would be a significant difference in resting heart rate among athletes following moderate-intensity aerobic training and

skill training.
II. METHODOLOGY

The present study employed a randomized pre-test and post-test experimental group design to investigate the comparative
effects of moderate-intensity aerobic training and skill training on selected physical fitness and physiological characteristics
among college athletes belonging to Basketball, Football, and Handball. For the purpose of this study, a total of 63 male
college athletes aged between 19 and 23 years were selected from colleges and universities. The subjects were players of
Basketball, Football, and Handball who had experience in intercollegiate level competitions. For each group 21 players were
selected which consists of 7 athletes from basketball, 7 athletes from football, 7 athletes from handball. The subjects were
selected using purposive random sampling method. The initial testing took place before the beginning of the training while the
final testing was performed after 12 weeks of intervention with the moderate-intensity aerobic and skill training methods on

selected physical and physiological variables.
The selected subjects were randomly assigned into different training groups, namely:

% Group-1 MIAT (Moderate-Intensity Aerobic Training)
% Group-2 SKT (Skill training)
¢ Group-3 CG (Control group)

The selection of variable for the present study was based on the requirements of team sports and the importance of resting heart
rate efficiency in athletic performance. The variable was carefully chosen to evaluate the influence of moderate-intensity
aerobic training and skill training on college athletes participating in Basketball, Football, and Handball. These two training
methods such as moderate-intensity aerobic training and skill training served as the independent variables because they were
the experimental treatments applied by the investigator to determine their influence on the selected dependent variables of the
study. The dependent variables of the present study was resting heart rate and it is measured to determine the effects of
moderate-intensity aerobic training and skill training on college athletes of Basketball, Football, and Handball. A statistical
analysis was performed on the pre-test and post-test results were Paired ‘t’ test, Analysis of Covariance (ANCOVA) and
Schfee’s Post Hoc to find out the significance among the mean differences. In all cases 0.05 level of significance was fixed to

test the hypotheses.
III. RESULTS

The obtained resting heart rate data from the athletes of basketball, football and handball belongs to moderate-intensity
aerobic training, skill training and control group (MIAT, SKT & CG) was analyzed by Paired ‘t’ test, ANCOVA and Schfee’s

Post Hoc statistics. These results are put on view in tables-4.1 to 4.3.
IV. ANALYSIS OF RESTING HEART RATE

The found results by the applied dependent t’ test statistical procedure, so as to evaluate the efficiency of moderate-intensity
aerobic training, skill training and control group (MIAT, SKT & CQG) group’s resting heart rate for basketball, football and
handball athletes is in table-4.1.

Table 4.1 Descriptive Statistics of resting heart rate in Pre and Post Test of Moderate-Intensity Aerobic Training, Skill Training
and Control Group of Basketball, Football and Handball Athletes

GROUP TEST MEAN SD DM t-value
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PRE 72.00 1.87

MIAT 4.76 34.92%
POST 67.23 1.70
PRE 71.42 1.66

SKT 4.04 13.29%
POST 67.38 1.85
PRE 72.00 1.87

CG 0.47 4.26%*

POST 71.52 2.06

Table value for df 20 is 2.08 (significant at 0.05)

The found results by the applied dependent ‘t’ test statistical procedure, confirm that the difference in resting heart rate mean
values found between pre and post test of moderate-intensity aerobic training, skill training and control group (MIAT, SKT &
CQ) group’s vary noticeably, as the dependent ‘t’ values 34.92 (MIAT), 13.29 (SKT) and 4.26 (CG) are more than requisite to
the table value for df 20 is 2.08.

In below specified table (table-4.2), the resultant ANCOVA statistic outcome on resting heart rate of moderate-intensity aerobic
training, skill training and control group (MIAT, SKT & CQG) of basketball, football and handball athletes are given.

Table 4.2 ANCOVA results obtained on resting heart rate of Basketball, Football and Handball Athletes belongs to Moderate-
Intensity Aerobic Training, Skill Training and Control Groups

MEAN MIAT SKT CG SOV SS df MS F-ratio
B 4.57 2 2.28
Pre test 72.00 71.42 72.00 0.70
W 195.14 60 3.25
B 248.85 2 124.42
Post test 67.23 67.38 71.52 35.21%
W 212.00 60 3.53
. B 222.82 2 111.41
Adj post
est 67.23 67.38 71.52 130.37*
es
W 50.41 59 0.85

(Table value for df 2 & 60 are 3.15)*Significant (0.05 level)

The ANCOVA results demonstrate that the resting heart rate of pre, post and adj post tests mean values of moderate-intensity
aerobic training (MIAT = 72.00, 67.23, 67.23), skill training (SKT = 71.42, 67.38, 67.38) as well as control groups (CG=
72.00, 71.52, 71.52) of basketball, football and handball athletes are different from each other. Because the applied ANCOVA
statistics, ‘F’ value (0.70, 35.21, 130.37) of moderate-intensity aerobic training, skill training and control group is more than
3.15 (table value) for 2 and 60 degrees of freedom (df).

In below presented table (table-4.3), the applied post hoc test (Scheffe’s) results on resting heart rate of moderate-intensity
aerobic training, skill training and control group (MIAT, SKT & CQG) of basketball, football and handball athletes are given
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Table — 4.3 Schefte’s Test Results Obtained on resting heart rate of Basketball, Football and Handball Athletes belongs to
Moderate-Intensity Aerobic Training, Skill Training and Control Groups

MIAT SKT CG MD Cl

67.23 67.38 0.15% 0.71

67.38 71.52 4.14% 0.71

67.23 71.52 4.29% 0.71
*Significant at (0.05)

The Scheffe’s results makes apparent that due to Moderate-Intensity Aerobic training (MIAT =67.23), Skill Training (SKT
=67.38) and Control Groups (CG = 71.52) of the Basketball, Football and Handball athlete’s resting heart rate was improved
very much, as these mean differences with these groups (0.15, 4.14, 4.29) are better to 0.03 (CI value). Although, Moderate-
Intensity Aerobic training group and Skill Training group are much better in performance when compared to control group.

However, Skill Training group is much better than Moderate-Intensity Aerobic training group.

The below displayed graph (Figure-I), showing the Resting Heart Rate of moderate-intensity acrobic training, skill training and
control group (MIAT, SKT & CG) of basketball, football and handball athletes are given

Figure — 1 Graph Showing the Resting Heart Rate of Basketball, Football and Handball Athletes belongs to
Moderate-Intensity Aerobic Training, Skill Training and Control Groups

Resting Heart Rate

74

— @PRE
@POST
OADJ POST

MIAT SKT CG

V. DISCUSSION

The findings of the present study revealed that moderate-intensity aerobic training significantly reduced resting heart rate
among university-level basketball, football, and handball athletes. Resting heart rate is considered a reliable indicator of
cardiovascular efficiency and autonomic regulation, and reductions in resting heart rate following aerobic training reflect
positive physiological adaptations. One of the primary mechanisms responsible for the reduction in resting heart rate is the
improvement in cardiac efficiency and stroke volume. Regular aerobic exercise increases the size and functional capacity of
the left ventricle, enabling the heart to pump a greater volume of blood with each contraction. Consequently, fewer heartbeats
are required to maintain adequate circulation at rest. According to B. A. Franklin et al. (2022), aerobic training enhances

parasympathetic activity and increases stroke volume, leading to significant reductions in resting heart rate among trained
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individuals. Moderate-intensity aerobic training also improves autonomic nervous system regulation. Chronic aerobic exercise
increases vagal tone and reduces sympathetic activity, resulting in greater cardiac efficiency and lower resting heart rate. J. A.
M. da Silva et al. (2021) reported that endurance-based exercise programs significantly improve autonomic balance, producing
reductions in resting heart rate and improvements in cardiovascular health. Another important adaptation is improved oxygen
transport and utilization. Aerobic exercise increases capillary density, mitochondrial content, and oxidative enzyme activity,
thereby enhancing the ability of skeletal muscles to extract and utilize oxygen. Because oxygen delivery becomes more
efficient, the cardiovascular system can maintain metabolic demands with less cardiac effort. M. Montero et al. (2023)
demonstrated that aerobic conditioning improves cardiovascular efficiency and decreases resting heart rate through enhanced
oxygen utilization and peripheral adaptations. Moderate-intensity aerobic training also enhances recovery capacity. Athletes
with lower resting heart rates generally exhibit faster post-exercise recovery and improved resilience to repeated bouts of high-
intensity activity. D. Buchheit and colleagues (2022) observed that lower resting heart rate is associated with superior recovery
profiles and better readiness for repeated performance in team sport athletes. The reduction in resting heart rate observed in the
present study may therefore be attributed to increased stroke volume, improved autonomic regulation, enhanced oxygen

transport, and superior cardiovascular efficiency produced by moderate-intensity aerobic training.

The findings also indicated that sport-specific skill training significantly reduced resting heart rate, although the magnitude of
improvement was smaller than that observed following moderate-intensity aerobic training. Skill training primarily improves
neuromuscular efficiency and movement economy. Repeated practice of sport-specific activities enables athletes to execute
movements with less energy expenditure and lower physiological stress. According to N. A. Bishop et al. (2021),
improvements in movement efficiency reduce cardiovascular strain during training and may contribute to modest reductions in
resting heart rate. Basketball, football, and handball involve intermittent high-intensity actions such as sprinting, jumping,
throwing, and rapid directional changes. Repeated exposure to these activities imposes considerable demands on both the
cardiovascular and neuromuscular systems. Over time, these demands produce physiological adaptations, including improved
autonomic control and enhanced cardiovascular responsiveness. Sport-specific skill training also exposes athletes to repeated
short-duration exercise bouts interspersed with recovery periods. Such intermittent activity patterns have been shown to
improve cardiovascular function and cardiac autonomic modulation. M. Iaia et al. (2022) reported that repeated intermittent
exercise enhances cardiovascular adaptations and contributes to reductions in resting heart rate in team sport athletes.
Furthermore, sport-specific training improves exercise economy by reducing unnecessary muscular activity and increasing
coordination between muscle groups. T. Stelen et al. (2023) noted that improved movement efficiency and neuromuscular
coordination lower cardiovascular stress and contribute to favorable adaptations in resting heart rate. Although skill training
may not provide the continuous cardiovascular stimulus associated with aerobic exercise, repeated sport-specific movements

can still induce meaningful adaptations in cardiac function and autonomic regulation.

The present study demonstrated that both moderate-intensity aerobic training and sport-specific skill training significantly
improved resting heart rate; however, moderate-intensity aerobic training produced greater reductions. The superior
effectiveness of aerobic training may be attributed to the continuous and sustained cardiovascular demands imposed by aerobic
exercise. Prolonged exercise at moderate intensity stimulates central cardiovascular adaptations, including increased stroke
volume, enhanced cardiac output, improved autonomic regulation, and greater oxygen transport efficiency. According to B. A.
Franklin et al. (2022), endurance-based exercise programs consistently produce larger reductions in resting heart rate than
intermittent sport-specific activities because they elicit greater improvements in parasympathetic tone and cardiac efficiency.
Similarly, P. B. Sparling et al. (2024) reported that aerobic conditioning remains one of the most effective interventions for

improving cardiovascular efficiency and reducing resting heart rate in athletes and physically active individuals.

The findings of the present investigation are therefore consistent with previous studies demonstrating that moderate-intensity
aerobic exercise produces superior cardiovascular adaptations compared with sport-specific training alone. From a practical
perspective, lower resting heart rate is associated with improved recovery, reduced physiological strain, enhanced endurance

capacity, and greater readiness for competition. According to D. Buchheit et al. (2022), resting heart rate serves as an important
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marker of adaptation and readiness in athletes participating in intermittent team sports. These mechanisms collectively explain

the reductions in resting heart rate following both training interventions.
VI. CONCLUSION

The present study investigated the comparative effects of moderate-intensity aerobic training and sport-specific skill training
on resting heart rate among university-level basketball, football, and handball athletes. The findings revealed that both training
interventions produced significant improvements in resting heart rate. However, moderate-intensity aerobic training
demonstrated greater effectiveness in reducing resting heart rate compared with sport-specific skill training. The hypothesis
stating that there would be a significant differences among the training interventions was therefore rejected, while the
hypothesis was accepted. The findings indicate that moderate-intensity aerobic training is superior in eliciting favorable
adaptations in resting heart rate among university-level team sport athletes. The study further suggests that regular monitoring
of resting heart rate can assist coaches in evaluating training responses, detecting fatigue, and designing individualized
conditioning programs. Future investigations may examine the long-term effects of combined training interventions and
include additional physiological variables such as heart rate variability, maximal oxygen uptake, and recovery indices to

provide a more comprehensive understanding of training adaptations in team sport athletes.
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