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Abstract. This research aims to create innovative and effective endurance training materials tailored for long-distance runners aged 15-
18. Utilizing the research and development (RnD) approach with the Borg and Gall model, the study incorporates feedback from expert
validators and athletes along with their coaches from Sorong, West Papua. The research procedure encompasses ten stages, starting with
problem identification and culminating in the implementation of the final product, involving 80 athletes. These stages include initial analysis,
planning, initial product development, preliminary field testing, primary product revision, main field testing, operational product revision,
operational field testing, final product revision, and dissemination and implementation. The involvement of both experts and practitioners
ensures the training materials are theoretically sound and practically applicable. Data analysis was conducted using SPSS version 21,
employing a normality test, a homogeneity test, and a paired-sample t-test to ensure the reliability and validity of the findings. The
normality test confirmed the data followed a normal distribution, while the homogeneity test ensured the sample groups were comparable.
The paired-sample t-test results indicated the newly developed book-based endurance training model significantly enhanced athletes'
performance (p-value 0.000), showing a more substantial improvement in training outcomes compared to conventional methods (p-value
0.014). This improvement is attributed to the structured and comprehensive nature of the training materials, which include interactive
elements and technology integration, making the training process more engaging and effective for young athletes. In conclusion, adopting
interactive and technology-based training models can significantly aid in developing endurance skills in young long-distance runners,
addressing specific needs and optimizing their training regimen.

Keywords: Athletics, Endurance Training, Exercise Media, Physical Education

Resumen. Esta investigacion tiene como objetivo crear materiales innovadores y efectivos de entrenamiento de resistencia adaptados para
corredores de larga distancia de entre 15 y 18 aflos. Utilizando el enfoque de investigacion y desarrollo (I+D) con el modelo de Borg y
Gall, el estudio incorpora comentarios de validadores expertos y atletas junto con sus entrenadores de Sorong, Paptia Occidental. El pro-
cedimiento de investigacion abarca diez etapas, comenzando con la identificacion del problema y culminando en la implementacion del
producto final, involucrando a 80 atletas. Estas etapas incluyen analisis inicial, planificacion, desarrollo inicial del producto, pruebas preli-
minares de campo, revision del producto primario, pruebas principales de campo, revision del producto operativo, pruebas operativas de
campo, revision final del producto y difusion e implementacion. La participacion de expertos y practicantes asegura que los materiales de
entrenamiento sean teoricamente solidos y practicamente aplicables. El analisis de datos se realiz6 utilizando SPSS version 21, empleando
una prueba de normalidad, una prueba de homogeneidad y una prueba t de muestras parcadas para garantizar la fiabilidad y validez de los
resultados. La prueba de normalidad confirmé6 que los datos seguian una distribucion normal, mientras que la prueba de homogeneidad
asegur6 que los grupos de muestra eran comparables. Los resultados de la prueba t de muestras pareadas indicaron que el modelo de
entrenamiento de resistencia basado en libros desarrollado mejoro significativamente el rendimiento de los atletas (valor p 0.000), mos-
trando una mejora mas sustancial en los resultados del entrenamiento en comparacion con los métodos convencionales (valor p 0.014).
Esta mejora se atribuye a la naturaleza estructurada y completa de los materiales de entrenamiento, que incluyen elementos interactivos e
integracion tecnologica, haciendo que el proceso de entrenamiento sea mas atractivo y efectivo para los jovenes atletas. En conclusion, la
adopcion de modelos de entrenamiento interactivos y basados en tecnologia puede ayudar significativamente en el desarrollo de habilidades
de resistencia en jovenes corredores de larga distancia, abordando necesidades especificas y optimizando su régimen de entrenamiento.
Palabras clave: Atletismo, Entrenamiento de Resistencia, Medios de Ejercicio, Educacion Fisica
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Introduction

Sport plays a vital role in human life, both in terms of
physical and mental health and in terms of achievements that
can bring a country's good name at the international level (Dai
and Menhas, 2020; Baena-Morales et al., 2021; Habyarimana,
Tugirumukiza and Zhou, 2022). Through sports, a country
can build its global reputation, which in turn increases
national pride . Every country strives to improve its sporting
achievements as a form of national dignity, including
Indonesia. Among the various sports that exist, athletics
occupies a special position as one of the oldest and most basic
branches, covering basic movements such as walking,
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running, jumping, and throwing that have been known since
ancient times (Sina and Pelariyanto, 2020; Yani and Sina,
2022; Wardhani and Arifin, 2024).

Athletics is not only about sport, but also about character
building and the spirit of competition (Dohsten, Barker-
Ruchti and Lindgren, 2020; Woolway et al., 2021). It has
been part of the Olympic Games since ancient times and
consists of running, jumping, throwing and walking events
(Yani and Hasri, 2020). Each of these events plays an
important role in building the physical and mental qualities of
athletes. For example, running, which covers various
distances such as short, middle and long distance running,
requires a combination of speed, strength and endurance. In
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the context of modern sports, running, especially long-
distance running, is one of the most popular and competed in
various events, including long-distance running such as 5,000
meters.

Long-distance running requires high acrobic stamina and
endurance (Casado et al., 2022; Davison et al., 2022).
Athletes competing in this event must be able to run
continuously for at least 5 kilometers, and often up to longer
distances such as 10,000 meters or a marathon. To succeed in
this competition, an athlete must have excellent physical
fitness, especially in terms of cardiovascular endurance. An
intensive and continuous training process is necessary to
achieve this physical condition. In addition to the physical
aspect, long-distance running training also emphasizes the
importance of the mental aspect, as a runner must be able to
manage fatigue and still maintain high performance
throughout the race (Paula, Elena and Daniel, 2021; Vijay et
al., 2024).

One of the key factors in successful long-distance running
is VO2max, which is the body's maximum capacity to use
oxygen during intense activity (Santisteban et al., 2022; Staff
et al., 2023). In addition, economical running speed and
effective recovery are also important elements that must be
considered. A good training program should be able to
improve all these aspects gradually and sustainably. Various
training methods such as interval training, fartlek training,
and tempo training have been proven effective in improving
endurance and long-distance running performance. Interval
training, for example, involves repetition of high-intensity
training sessions followed by a recovery period. The aim is to
increase athletes' VO2max capacity, so they can run faster
and longer. Fartlek training, on the other hand, combines
alternating fast and slow running without strict intervals,
helping in improving speed and endurance simultaneously.
Meanwhile, tempo training is performed at a pace slightly
lower than racing speed, aiming to increase lactate threshold,
allowing athletes to run faster without tiring quickly (King et
al., 2022).

Research has also shown the importance of periodization
in endurance training programs (Clemente-Suarez et al.,
2021; Casado, Gonzalez-Mohino, et al., 2022; Gonzalez-
Raveé et al., 2022). Periodization involves the systematic
adjustment of training intensity and volume to avoid fatigue
and injury and ensure peak performance occurs at key
competition times. The phases in this periodization include
the base phase, building phase, peak phase and recovery
phase, each with a different focus and purpose. In the
foundation phase, for example, the focus is on building a base
of endurance and strength. In the building phase, training is
more intensive to improve specific performance. The peak
phase aims to prepare athletes for the main competition in the
best physical and mental condition possible, while the
recovery phase gives the body time to recover and repair itself
after intense training (Sumartiningsih et al., 2022; Susanto et
al., 2023).

Overall, long-distance running is not just about physical
strength but also about the right training strategies. This sport
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not only builds physical fitness but also character and a high
spirit of competition in achieving the highest performance. In
this context, the development of endurance training models
becomes a crucial aspect that cannot be overlooked. With the
right approach, supported by science, Indonesian long-
distance runners can continue to develop and achieve
remarkable accomplishments on the international stage.

Achievements in long-distance running in Indonesia have
shown significant development in recent years. This can be
seen from the achievements of Indonesian athletes in various
international competitions such as the SEA Games and
National Sports Week (PON). However, challenges remain,
especially in terms of improving the development of young
athletes to ensure the continuity of achievements in the
future. Therefore, the role of the coach becomes very
important in developing an effective training program that
suits the needs of each athlete. This program should include
various aspects such as volume, intensity, and frequency of
training, as well as an individualized approach to maximize
the athlete's potential in competition (Schoenfeld et al., 2021;
Ruddock et al., 2021; Prieto-Gonzalez and Sedlacek, 2022).

Although endurance training has become an integral part
of athletic training programs, many coaches and athletes still
face complex challenges that hinder the achievement of
optimal performance. One of the main problems is the lack
of in-depth understanding of the basic principles of endurance
training and how to apply them effectively in various
conditions of individual athletes. In addition, limited facilities
and resources are often a significant obstacle. Many training
programs still use conventional methods that are not
integrated with the latest developments in science and
technology, thus unable to accommodate the specific needs
of each athlete.

Lack of knowledge and ability to perform proper training
periodization is also a problem that cannot be ignored
(Buckner et al., 2020; Kirk et al., 2021; Gonzalez-Badillo et
al., 2022). Without proper periodization, athletes are likely
to experience chronic fatigue and not reach peak performance
at the right time. In addition, many coaches find it difficult to
adjust training programs for the various phases of training,
from the basic phase to the peak and recovery phase, which
should be tailored to the competition cycle and the athlete's
physical condition.

In the Indonesian context, this problem becomes more
complex with limited infrastructure and government support
that is still not optimal in supporting athletic development.
This condition makes many talented young athletes not get
the appropriate training and potentially experience stagnation
or decreased performance over time.

Therefore, a new and more comprehensive endurance
training model is needed, which is not only based on scientific
principles but also able to integrate the latest technology and
consider physiological, psychological and nutritional aspects
holistically. This training model must be able to overcome
various existing problems and provide clear and structured
guidance for coaches and athletes in achieving peak
performance in a sustainable and safe manner.
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Materials and Methods

The purpose of this research is to develop effective and
innovative endurance training media. The research method
used in this study is the research and development (RnD)
method. This approach was chosen because it allows
researchers to design, develop, and evaluate exercise media
in a systematic and structured way. By using the RnD
approach and the Borg and Gall stage model, the research is
expected to produce endurance training media that is
innovative and effective, and meets the needs and challenges
faced by athletes in improving their performance in long-
distance running.
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Figure 1. Research Flow

Participant

The study involved two main groups. First, the validator
group consists of two experts: a material expert and a media
expert, who are carefully selected based on competency
criteria in their respective fields. They will provide valuable
insights and assessments for the development of the
manipulative motion learning media. The second group
consisted of 15 to 18 years old running athletes in Sorong
West Papua and coaches.

Procedure

This research procedure consists of ten stages that are
structured in detail. The first stage began with a preliminary
study that included problem identification and needs analysis,

followed by information gathering through field observations.

The second stage involved planning which included the
preparation of an endurance training model development
design. The third stage focused on developing the initial

product in the form of an endurance training model design.

The fourth stage involved an initial field trial using 10 subjects.

The fifth and sixth stages are the main product revision based
on the evaluation of the initial field trial results, followed by
the main product field test on a larger scale with 50 research
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subjects. The seventh and eighth stages are operational
product revisions based on expert evaluation and field trials
in accordance with the research objectives. The ninth stage is
the final product revision to get perfect results. The tenth
stage is the dissemination and implementation of effective
final products using 80 samples.

Statistical Analysis

The measurement data were processed and analyzed using
statistical methods with the aid of Statistical Product and
Service Solutions (SPSS) software version 21. The data
analysis using SPSS included: the normality test, which
utilized the Kolmogorov-Smirnov test with a significance
level of 5% or 0.05, and the homogeneity test, which
employed Levene's Test with a significance level of 5% or
0.05. The statistical technique used to determine the effect of
each variable was the Paired Sample t-test.

Result

Planning Stage

The first stage began with Research and Information Col-
lecting. The initial step of this research successfully identified
a number of problems and needs in developing an endurance
training model for athletic athletes aged 15-18 years.
Through the analysis of the current conditions, it was found
that there was a significant gap between the endurance train-
ing needs at that age and the availability of effective training
models. Evaluation of existing training models shows that
many of them do not fully meet the needs of developing ath-
letes at that age optimally. In addition, some of the existing
training models lack interactivity and are not engaging
enough for young athletes, which may reduce their motiva-
tion for training. The identification of these shortcomings in-
cludes the need for more innovative and engaging training
models, which can increase athlete engagement and support
the optimal development of their endurance capabilities. The
results of this study emphasize the need to develop a more
effective endurance training model that is in accordance with
the characteristics and needs of athletic athletes aged 15-18
years.

The literature review conducted succeeded in providing
an in-depth understanding of the theory and best practices in
the development of endurance training models for athletic
athletes aged 15-18 years. Through the review of various lit-
erature sources such as journal articles, textbooks, and other
relevant academic sources, a strong basis was obtained for de-
signing innovative and effective training models. The litera-
ture reviewed demonstrated the importance of using book-
based training models to improve engagement and coaching
outcomes for young athletes. In addition, information was
gathered from various sources through direct observation of
young athletes in schools and sports clubs to gain an in-depth
understanding of the current state of endurance training.
Questionnaires and interviews were also conducted with 15
research subjects consisting of athletes, coaches, and physical
education experts, to explore their views, experiences, and
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needs regarding the ideal endurance training model for young
athletes. These findings emphasize the importance of devel-
oping an endurance training model that is in accordance with
the characteristics and needs of athletic athletes aged 15-18
years.

The second stage is Planning. Based on the information
that has been collected, the next step is to design a plan for
developing a book-based endurance training model. This plan
includes a development strategy that focuses on overcoming
the shortcomings identified, as well as considering the results
of the literature review that has been carried out. The speci-
fications of the exercise model were also clearly defined, in-
cluding the features that would be integrated in this innova-
tive exercise model. The book-based endurance training
model was designed to include appropriate use of technology,
including the use of interactive media and the integration of
multimedia content that could significantly enhance the learn-
ing experience of young athletes.

Development Stage

The first stage of development was to create an initial
draft or prototype of the book-based endurance training
model by adding relevant image references. This prototype
included the initial design of the exercise structure, interac-
tivity, and content planned to be included in the final exercise
model.

After completing the development of the book-based en-
durance training model, the product was assessed by media
experts and material experts. The evaluation results from
media experts (91.25%) and material experts (87.50%)
showed that the developed exercise model received a very
good category rating. Media experts appreciated the attrac-
tive design and the use of technology that can enrich the train-
ing experience of young athletes. Meanwhile, the material
experts recognized that the training content delivered
through this model was relevant and in-depth, in accordance
with the needs of coaching athletes at the age of 15-18 years
according to the physical education curriculum standards.

The results of the field trial involving 10 young athletes
showed that the book-based endurance training model suc-
ceeded in increasing athletes’ motivation in their training.
Positive feedback from trial participants indicated that the
model provided a more enjoyable and engaging learning ex-
perience due to the interactive design and technology used.
In addition, coaches reported increased athlete engagement
in training sessions, which contributed positively to the de-
velopment of their endurance skills.

Based on feedback from the field trial, the addition of rel-
evant image references was considered to further enrich the
athletes' training experience, by providing a more compre-
hensive visualization of the movements. This feedback will be
implemented in future developments to ensure the training
model remains relevant and effective in supporting the devel-
opment of young athletes in schools and sports clubs.

Feedback from the field trial suggests that the addition of
relevant image references in a book-based endurance trainin
model can have a significant positive impact on the athlete's
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training experience. This provides encouragement to inte-
grate images more strategically in the development of this
training model, with the hope of maximizing the potential for
effective coaching in formal and non-formal education envi-
ronments.

Evaluation Stage

A wide-scale trial was conducted involving 50 athletes
aged 15-18 years (87.50%) and 3 coaches (98.21%), which
produced very satisfactory results. Feedback received from
trial participants indicated an overall positive response to the
developed book-based endurance training model. Athletes
reported increased motivation and engagement during train-
ing sessions, highlighting the ciarity of instructions and inter-
activity provided by the model. Coaches also observed an in-
crease in athletes' understanding of endurance training tech-
niques, as well as the case of integrating the model into the
daily training program at the sports club. In all aspects of test-
ing, only positive feedback was generated, indicating that the
training model was effective in supporting the development
of young athletes and achieved good acceptance from end us-
ers.

This study examined the effectiveness of the book-based
endurance training model in improving athletes' training out-
comes through a series of statistical tests with a sample size of
80 athletes. Group A used the book-based endurance training
model, while Group B used conventional training methods.
The normality test results showed that the data was normally
distributed, while the variance homogeneity test showed sim-
ilar results. The paired-sample t-test showed that the signifi-
cant improvement in training results between pre-test and
post-test was greater in Group A than Group B, Confirming
that the use of a book-based endurance training model is ef-
fective in improving athletes' skills in endurance training at

sports clubs.

Table 1.
Normality Test
No Group N Asym. Sig (p-value) Note
1 Pretest Group A 40 .590 Normal
2 Postest Group A 40 229 Normal
3 Pretest Group B 40 439 Normal
4 Postest Group B 40 .385 Normal

The results presented in Table 1 indicate that the normal-
ity tests for all groups yielded p-values greater than the sig-
nificance level of 0.05. Specifically, the p-values for the Pre-
test Group A, Posttest Group A, Pretest Group B, and Post-
test Group B are 0.590, 0.229, 0.439, and 0.385, respec-
tively. Since all p-values are above 0.05, we can conclude that
the data for each group are normally distributed.

Table 2.
Homogeneity Test
. Asym. Sig
No. Group N ’ Note
(p-value)
1 Pretest Group A B 80 .587 Homogen
2 Postest Group A B 80 .845 Homogen

The results presented in Table 2 indicate that the homo-
geneity tests for both the Pretest and Posttest groups (com-
bined Group A and Group B) yielded p-values greater than
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the significance level of 0.05, at 0.587 and 0.845, respec-
tively. Therefore, we conclude that the data for each com-
bined group are homogencous, indicating similar variances

between the groups.
Table 3.
Paired Sample T-Test
No Group t Asym. Sig (p-value)
1 Postest — Pretest Group A 4.465 0.000
2 Postest — Pretest Group B 2.561 0.014

The data from Table 3 shows that both groups showed
significant improvement in exercise outcomes. However,
Group A, which used the book-based endurance training
model, showed a more significant improvement compared to
Group B, which used the conventional training method. This
finding suggests that the book-based endurance training
model can be more effective in improving athletes' skills com-
pared to traditional training methods.

Discussion

In the first stage of the research, data and information
were collected to identify problems and needs in developing
an endurance training model for athletic athletes aged 15-18
years. The results of the analysis showed a significant gap be-
tween the need for endurance training at that age and the
availability of effective training models. Many existing train-
ing models do not fully meet the needs of coaching athletes
aged 15-18 years optimally. The lack of interactivity and at-
tractiveness in existing training models is also a factor that re-
duces athlete motivation in undergoing  training
(Westmattelmann et al., 2021; Vasudevan and Ford, 2022;
Tusak et al., 2022). This research emphasizes the importance
of developing more innovative and engaging endurance train-
ing models, which can increase athlete engagement and sup-
port the development of their endurance capabilities opti-
mally.

The literature review provided an in-depth understanding
of theory and best practice in the development of an endur-
ance training model for 15-18 year old track and field ath-
letes. The literature reviewed demonstrated the importance
of using book-based training models to improve engagement
and coaching outcomes for young athletes (Marini,
Setiakarnawijaya and Moch. Asmawi, 2023; Febriani et al.,
2023; Hasibuan et al., 2024). Additional information was
gathered through direct observation of young athletes in
schools and sports clubs as well as through questionnaires and
interviews with 15 research subjects consisting of athletes,
coaches and physical education experts. The findings empha-
size the importance of developing an endurance training
model that suits the characteristics and needs of athletic ath-
letes aged 15-18 years (Festiawan ez al., 2024; Ketut Yoda et
al., 2024). The development stage begins with the creation
of an initial draft or prototype of a book-based endurance
training model that includes the initial design of the exercise
structure, and content. This prototype was then evaluated by
media experts and material experts. The evaluation results
showed that the developed exercise model received excellent
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ratings, with media experts appreciating the attractive design
and use of technology that enriches the training experience of
young athletes, and material experts recognizing the rele-
vance and depth of exercise content in accordance with phys-
ical education curriculum standards. The results showed that
the developed training model received very good ratings from
media experts and material experts and has the potential to
improve the quality of training and learning for young athletes
(Koopmann et al., 2020; Varghese, Ruparell and LaBella,
2022; Jayanthi et al., 2022).

A field trial with 10 young athletes showed that the book-
based endurance training model successfully increased ath-
letes' motivation and engagement in their training. The en-
gaging dcsign used providcd a more fun and intcrcsting learn-
ing experience (Almulla, 2020; Laine and Lindberg, 2020;
Saputra and Kania, 2022). Coaches also reported increased
athlete engagement in training sessions, which contributed
positively to the development of their endurance skills. Feed-
back from the field trial indicated that the addition of relevant
image references could enrich the athletes' training experi-
ence by providing a more comprehensive visualization of
movements. This will be implemented in future develop-
ments to ensure the training model remains relevant and ef-
fective in supporting the development of young athletes in
schools and sports clubs.

The wide-scale trial involving 50 athletes aged 15-18
years and 3 coaches produced very satisfactory results. The
feedback received indicated an overall positive response to
the developed book-based endurance training model. Ath-
letes reported increased motivation and engagement during
training sessions, with clarity of instruction and interactivity
provided by the model. Coaches also observed improved ath-
lete understanding of endurance training techniques and ease
of integrating the model into their daily training program at
the sports club. The success of the wide-scale trial resulted
in a positive user impact (Luczak et al., 2020; Carreres-
Ponsoda et al., 2021).

This study tested the effectiveness of a book-based en-
durance training model in improving athletes' training re-
sults through a series of statistical tests with 80 athletes as
samples. Normality test results showed that the data was
normally distributed, while the homogeneity of variance
test showed similar results. The paired-sample t-test
showed a significant improvement in training results be-
tween pre-test and post-test, with a greater improvement
in the group using the book-based endurance training model
compared to the group using the conventional training
method. These findings suggest that the use of book-based
exercises in endurance training is more effective in improv-
ing athletes' skills compared to traditional training methods.
Similar research has also examined that book-based training
improves training outcomes (Leo Sukma and Tarorch,
2022; Alamsyah and Taroreh, 2022). One of the limitations
of this study is the relatively small sample size, particularly
in the early field trials, which involved only 10 athletes, po-
tentially limiting the generalizability of the findings to a
broader population. Additionally, the short duration of the

Retos, nimero 60, 2024 (noviembre)



2024, Retos, 60, 12221229

© Copyright: Federacién Espaniola de Asociaciones de Docentes de Educacién Fisica (FEADEF) ISSN: Edicién impresa: 1579-1726. Edicion Web: 1988-2041 (https:/ /recyt.fecyt.es/ index.php / retos/ index)

trials makes it difficult to assess the long-term impact of the
book-based endurance training model on athletes' endurance
development. Further research with a longer testing period is
needed to evaluate its long-term effectiveness. Moreover,
while the study primarily focused on physical endurance, it
did not deeply explore psychological factors such as motiva-
tion, concentration, and mental pressure during training,
which could also significantly impact the athletes’ perfor-
mance.

Conclusion

This study successfully developed an innovative and inter-
active book-based endurance training model for 15-18 year
old athletic athletes in Indonesia. Through the stages of plan-
ning, development, and evaluation, this study found that the
training model developed was able to significantly improve
athletes' motivation, engagement, and training results com-
pared to conventional training methods. Evaluations from
media and material experts and field trials showed that the
model received excellent ratings in terms of design, content
relevance, and ability to enrich young athletes' training expe-
rience. The study also emphasized the importance of identi-
fying and addressing the shortcomings of existing training
models, as well as the importance of integrating technology
and interactive elements to enhance athlete engagement. The
book-based endurance training model succeeded in providing
a more enjoyable and engaging learning experience, and sup-
ported the optimal development of athletes' endurance capa-
bilities.

For future research, it is recommended that the develop-
ment of this book-based endurance training model be contin-
ued by adding more image references and richer multimedia
content. More comprehensive visualization of movements
can help athletes understand and apply training techniques
better. In addition, further research could test the effective-
ness of this training model in a wider context, including var-
ious sports clubs and schools in various regions in Indonesia.
This is important to ensure that this model can be adapted and
applied effectively in various situations and conditions. It is
also recommended to conduct a long-term evaluation of the
use of this training model to see the sustained impact on ath-
lete performance. This research could include analyzing ath-
letes' endurance development over a longer period of time as
well as the impact of the training model on competition per-
formance.
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