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Abstract This study was aimed at developing a new
model of resistance-based strength training for junior
tennis athletes and examining its effectiveness on their
serve performance compared to traditional model of
training. It is a Research and Development study focusing
on developing, validating, revising, and testing the model
of training. In testing phase, effectiveness test was
accomplished to examine the effectiveness of the new
training model and compared to the effectiveness of the
traditional model. There were 60 junior athletes
contributing to this study. The data were gathered by
distributing questionnaires to reveal the convenience and
attractiveness of the model developed and using Collang
Smart Tennis Racket Sensor Tracker Motion Analyzer to
reveal the tennis athletes’ serve performance. The data
were analyzed by employing descriptive statistic and t-test.
In terms of convenience and attractiveness, this study
revealed that the use of resistance training for junior tennis
athletes showed good results. T-test proved that this new
model was more effective in improving players’ serve
speed compared to traditional model was. Thus,
researchers concluded that the new model of
resistance-based training can be implemented to increase
tennis junior players’ serve speed.
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1. Introduction

Tennis is a popular sport and favored by people from all
levels of society without being restricted by age, gender,
social status, and some other backgrounds. This branch of
sport keeps developing that can be seen by the number of
annual tennis tournaments conducted both at national and
international levels. Obviously, this phenomenon has
impacted on intense competition among the athletes to
participate in the tournaments in which, nowadays,
professional and semi-professional sport gives slight
potential for them to win; and, it becomes an intense
pressure for the couches and athletes [1-3]. Therefore, the
athletes should be well-prepared and well-trained to
compete in every tournament by performing numerous
training programs designed to achieve the targets.

To develop the athletes’ skill and performance,
numerous studies have examined various models of
training such as by giving video modelling and imaging
training that was empirically proved to have impacts on
performance of tennis serve of 9-to 12-year old children [4],
a different approach to the design of an effective strength
training program in modern tennis conducted by [5] was
proved to be effective to enhance basic and specific
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strength efficiently and be able to minimize and prevent
injury. It means that the development of models of training
or some various approaches should be done to improve the
athletes’ performance as the needs. So, strength
performance is a crucial element for athletes that it needs
strategies to develop a strength training for tennis players
[6].

It is assumed that children should not be given strenuous
training as it puts extreme stress on muscle growth that
possibly harms their muscle [7]. However, this assumption
has not been proved. Previous research showed various
training modalities such as weight machines, free weights,
body-weight exercises, sports-conditioning drills, with
different formula set and repetition could adequately
stimulate the enhancement of strength development for
children [8,9]. By supervision and proper training program
design, strength training can be beneficial and effective for
children and youths’ growth as long as it is supervised and
performed carefully, and it will not cause injury.

One of strength development trainings for children and
adolescents is resistance training. This type of training has
been used by many couches because it could enhance
strength and increase body composition, reduce fat mass,
increase lean body mass, increase muscle strength and
endurance, increase bone mineral density, and increase
blood lipid profile [12,13]. In addition, this model of
training can improve flexibilities and stimulate the increase
of proprioception due to the increase of the activity of
motor units recruitment that activates golgi tendon organ
and muscle spindle [13]. Nevertheless, specifically, the
implementation of resistance model of training to improve
serve performance of tennis players has not been examined
massively.

This study focused on the development of an approach
of strength training model based on resistance that is
unchallenging and interesting for children and adolescents.
With this concept, it is expected that it would implicitly
motivate them who usually get bored with monotonous
strength training [14,15]. To examine the -effects,
researchers used Collang Smart Tennis Racket Sensor
Tracker Motion Analyzer to analyse the athletes’ serve
speed. The use of this technology was expected to be
validly able to examine the effects of the model of strength
training based on resistance on measurable athletes’ serve
result. Some researchers, has recommended the utilization
of technology in sport to help coaches evaluate their
athletes’ performance [16,17]. Moreover, this study was
aimed at developing a new model of training to train
athletes” strength based on resistance that was
unchallenging and interesting for junior tennis athletes and
to examine the effectiveness of the model of training
compared to traditional models of training.

2. Materials and Methods

This is a Research and Development study conducted to
create a certain product and examine its effectiveness
[18,19]. This study developed a product in form of a
model of strength training based on resistance for junior
tennis athletes. Its procedure was begun by developing,
validating, and revising and testing the model of training.

Draft of the design of the model of resistance-based
strength training was created into 24 models. These
models were discussed and validated by 3 coaches with
national level of coaching license and with more than
2-year coaching experience. After validating, 18 models
of resistance-based strength training were ready to be
tested. These designs were made based on 3 major
elements, namely: exercise model for the leg as shown in
figure 1, exercise model for core stability as shown in
figure 2 and exercise model for arm as shown in figure 3.

There were three stages in testing the model of the
training, namely: small-scale testing with 20 samples
(athletes), large-scale testing with 40 samples (athletes),
and effectiveness testing by comparing experimental
group given the treatment using resistance-based model of
strength training to control group. In effectiveness testing,
experimental group did train for 12 meetings (60 minutes
for each meeting) by performing resistance-based strength
training.
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Figure 3. A Design of Resistance-Based Strength Training for Arm

Data of small - scale and large - scale tests were
collected to investigate the level of easiness or
convenience and attractiveness of the model and then
analyzed by descriptive statistic. Meanwhile, data of
effectiveness testing were collected by using instrument
Collang Smart Tennis Racket Sensor Tracker Motion
Analyzer [20] to measure serve speed. Next, t-test was
conducted to examine its effectiveness between
experimental group and control group.

Table 1.
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3. Result

3.1. Result of Small-scale and Large-scale Tests

For small-scale test, 20 samples filled a questionnaire
about convenience and comfort; while, for large-scale test,
40 athletes answered a questionnaire consisting of 18
questions regarding the use of resistance-based strength
training model. The result is presented in the table 1
below.

Referring to the Table 1, for the result of small-scale
test, the aspect of convenience reaches 325 from a total
score 360 with a percentage of 90.27%; while, the aspect
of comfort obtained 326 from 360 with a percentage of
90.55%. It indicates that resistance-based strength training
model tested in small-scale could be categorized into good
category. Next, for the result of large-scale test, the aspect
of convenience gained 650 and aspect of comfort reached
659 from a total score 720 with achievement percentages
of 90.27% and 91.52%, respectively. It indicates that the
small-scale and large-scale tests show a good result
meaning that the training model could be proceeded to the
next stage, namely effectiveness testing conducted by
comparing the model of resistance-based strength training
to traditional training model.

The result of small-scale and large-scale testing

Aspect Score Results Score Maximal % Explanation (Category)
Small-scale Convenience 325 360 90.27 good
test Comfort 326 360 90.55 good
Large-scales Convenience 650 720 90.27 good
test Comfort 659 720 91.52 good
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3.2. Result of Effectiveness Test

In accomplishing effectiveness test, this study used
t-test to examine the increase of the samples ' performance
of tennis serve. The result of t-test for experimental and
control groups and the difference between the two groups
are presented in the table 2 below.

Table 2. Result of t-test of experimental and control groups
Group Average Tyale teable P
Pretest Experiment 136.87
22.00 1.71 0.000
Posttest Experiment 159.20
Pretest Control 132.60
19.54 1.71 0.000
Posttest Control 139.33
Experiment vs Control 10.50 2.47 0.000

In the Table 2, the average results of pretest for
experimental and control groups are 136.87 and 159.20,
respectively, with a difference of 22.33. T-test shows that
t-value (22.00) is higher than t-table (1.71). it indicates
that there was a significant difference between pre-test
and post-test results; therefore, it can be said that the
treatment of resistance-based strength training model
could statistically improve junior tennis athletes’ serve
skill. The similar result was also released from control
group with average scores of pretest and posttest are
132.60 and 139.33, respectively, with a difference of 6.73.
T-test for control group also indicates that there was an
effect of the use of traditional model of training on the
improvement of athletes’ serve skill proven by the higher
value of t-value than t-table.

Although both tests showed positive impacts on
increasing  tennis  athletes’ serve  performance,
experimental group more significantly impacted than
control group. It can be seen from the difference of
t-values between the experimental group and control
group which are 10.50 and 2.47, respectively. Therefore,
the use of resistance-based strength training model was
proven to be more effective in improving the performance
of junior tennis athletes in serving than the use of
traditional model was.

4. Discussion

This study was aimed at developing a new model of
strength training based on resistance and examining its
effectiveness compared to traditional training model.
Accomplishing some stages in developing this model, there
were 18 models of resistance training using rubber band.
These models had been validated by the experts, tested
through small - scale and large - scale tests and examined
its effectiveness.

Considering the result of small - scale and large - scale
tests, the experts, (i.e. the couches) suggested that to attract
and facilitate athlete in implementing the model of training,

it would be better to match the color of rubber band with
the basic skill of the athletes. In addition, to conduct the
training more effectively, it is recommended to increase the
number of matrass and rubber band according to the
number of the athletes. It is in line with the research result
conducted by [21] revealing that an interesting training can
increase an athlete’s motivation to train so that the training
process is not monotonous but still maintains the same
essence to achieve the training targets optimally. After
fulfilling the experts’ advices, a large-scale test was
conducted and there were no significant difficulties and
problems encountered during the testing so that the model
of resistance-based strength training can be applied in
training program for tennis athletes.

The effectiveness test between the two groups revealed
that experimental group showed better result than control
group did. This result is supported by the result of previous
research revealing that a training program based on
resistance could enhance the average speed of tennis serve
for adolescent [22]. Another study conducted by [23]
added that the combination of resistance band training was
effective to increase the jump height, arm strength, speed
and agility. Basically, strength training uses the principle of
progressive overload, forcing the body (muscles, tendons,
bones, etc.) to adapt in order to release a greater energy
[24], moreover, resistance-based strength training could
stimulate athletic development, tolerate the demands of
training and long-term competence, and escalate the effect
of health enhancement over time that keeps maintaining
until adulthood [25].

Youths, whether they are athletes or not, can be
successful in increasing their power and health safely and
comprehensively by participating in a program that is
supervised effectively. Coaches play important roles in
determining and ensuring technique, forms, proper training
development and guarantying athlete’s safety. Therefore,
model of resistance-based strength training is safe to be
implemented and beneficial for children. Strengthening the
result, the model of resistance-based training was effective
to enhance tennis serving skill foe children and adolescent
[26]. The finding of this study is also supported by [27,28]
stating that coaches took a part in managing training
pattern and safety so that the model of resistance training
could be practiced optimally. Resistance training was also
effective to escalate speed and accuracy in tennis training
program [29].

5. Conclusions

Researchers concluded that: firstly, the new model of
strength training based on resistance was successfully
developed into 18 models of training which were
attractive and facilitative to be implemented and had been
validated by the experts. Secondly, the model of
resistance-based strength training had been tested to
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improve the performance of junior tennis athletes in doing
serve more effectively than the conventional model did.
Therefore, it is highly suggested for both coaches and
athletes to implement this model in training in order to
enhance tennis players’ performance of serve. For further
research, researchers recommended to examine other
aspects related to strength to reveal the impacts in wider
scope.
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