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MONITOREO FISIOLOGICO BASADO EN
TECNOLOGIA WEARABLE EN EL PERIODO
PRECOMPETITIVO MEDIANTE
ENTRENAMIENTO DE PRECISION EN
ATLETAS DE PENCAK SILAT

RESUMEN

Antecedentes: En los deportes de combate como el
Pencak Silat, el monitoreo preciso de las respuestas
fisiol6gicas durante el entrenamiento es fundamental
para optimizar el rendimiento, prevenir el
sobreentrenamiento, mejorar la gestion de la
recuperaciéon y aumentar la seguridad de los atletas.
Los recientes avances en la tecnologia wearable han
permitido el monitoreo en tiempo real de parametros
fisiol6gicos, proporcionando a entrenadores y atletas
datos objetivos para respaldar decisiones de
entrenamiento basadas en evidencia. Sin embargo, la
implementacion practica de la tecnologia wearable en
el entrenamiento de Pencak Silat sigue siendo un
campo poco explorado. Objetivo: Este estudio tuvo
como objetivo examinar la implementacion del
monitoreo fisioldgico basado en tecnologia wearable
para el entrenamiento de precisién en atletas de
Pencak Silat mediante la evaluacién en tiempo real de
la frecuencia cardiaca, la saturacién de oxigeno y el
estado de recuperacion. Métodos: Se empled un
disefio de investigacion cualitativa con la participacion
de 30 estudiantes de la Facultad de Ciencias del
Deporte de la Universidad Estatal de Padang que
tenian interés en el Pencak Silat. Los participantes
fueron seleccionados mediante muestreo intencional y
participaron en sesiones de entrenamiento
monitoreadas utilizando dispositivos wearables,
incluidos relojes inteligentes y rastreadores de
actividad fisica. Los datos se recopilaron mediante
observacion directa, entrevistas semiestructuradas y
documentacion de los resultados del monitoreo
fisioldgico durante las actividades de entrenamiento.
Resultados: La frecuencia cardiaca aumentd
progresivamente con la intensidad del entrenamiento,
mientras que la saturacion de oxigeno mostro una
ligera disminucién durante los ejercicios de alta
intensidad, lo que indica una mayor demanda
fisiologica y fatiga. EI monitoreo de la recuperacion
revel6 que los participantes involucrados en
entrenamientos intensivos requirieron periodos mas
prolongados para regresar a condiciones fisioldgicas
estables. La tecnologia wearable permitio realizar
ajustes mas precisos en la intensidad del

entrenamiento basados en respuestas fisiologicas en
tiempo real. Ademas, los participantes informaron una
mayor conciencia de su condicion fisica, nivel de
fatiga 'y preparacion para la recuperacion.
Conclusiones: ElI monitoreo fisioldgico basado en
tecnologia wearable favorece un entrenamiento de
precision adaptativo, individualizado y fundamentado
en la evidencia en el Pencak Silat. A pesar de las
limitaciones relacionadas con la comodidad de los
dispositivos y la precision de los sensores durante
movimientos dindmicos, el monitoreo wearable
demuestra un potencial considerable para mejorar la
eficacia del entrenamiento, la seguridad de los atletas
y la gestion de la recuperacion en entornos de artes
marciales.

Palabras clave: Monitoreo fisioldgico, Frecuencia
cardiaca, Saturacion de oxigeno, Recuperacion.

WEARABLE TECHNOLOGY-BASED
PHYSIOLOGICAL MONITORING IN PRE-
COMPETITION WITH PRECISION TRAINING
OF PENCAK SILAT ATHLETES

ABSTRACT

Background: In combat sports such as Pencak Silat, precise
monitoring of physiological responses during training is
essential to optimize performance, prevent overtraining,
improve recovery management, and enhance athlete safety.
Recent advances in wearable technology have enabled real-
time monitoring of physiological parameters, providing
coaches and athletes with objective data to support
evidence-based training decisions. However, the practical
implementation of wearable technology in Pencak Silat
training remains underexplored. Objective: This study
aimed to examine the implementation of wearable
technology-based physiological monitoring for precision
training in Pencak Silat athletes through real-time
assessment of heart rate, oxygen saturation, and recovery
status. Methods: A qualitative research design was
employed involving 30 students from the Faculty of Sport
Science, Universitas Negeri Padang, who had an interest in
Pencak Silat. Participants were selected using purposive
sampling and engaged in monitored training sessions
utilizing wearable devices, including smartwatches and
fitness trackers. Data were collected through direct
observation, semi-structured interviews, and documentation
of physiological monitoring outcomes during training
activities. Results: Heart rate increased progressively with
training intensity, while oxygen saturation showed a slight
decline during high-intensity exercise, indicating greater
physiological demand and fatigue. Recovery monitoring
revealed that participants involved in intensive training
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required longer periods to return to stable physiological
conditions. Wearable technology enabled more accurate
adjustments of training intensity based on real-time
physiological responses. Participants also reported
improved awareness of their physical condition, fatigue
level, and recovery readiness. Conclusions: Wearable
technology-based physiological monitoring  supports
adaptive, individualized, and evidence-based precision
training in Pencak Silat. Despite limitations related to
INTRODUCTION

Pencak Silat is a traditional martial art that has evolved
into a highly competitive sport requiring exceptional
physical conditioning, technical precision, and
physiological endurance (Hadiana et al., 2022;
Nugroho et al., 2024; Subekti et al., 2021). Modern
Pencak Silat athletes must maintain optimal
cardiovascular performance, oxygen utilization, and
recovery capacity to sustain high intensity movements
during training and competition (Al As’Ary et al.,
2026; Mardius et al., 2025; Subekti et al., 2025). In
recent years, the advancement of sports science and
digital technology has significantly transformed
athlete monitoring systems, particularly through the
use of wearable technology (Nagorna et al., 2024,
Seckin et al., 2023; L. Yang et al., 2024). Wearable
Tech, including smartwatches and fitness trackers,
enables coaches and athletes to monitor physiological
parameters such as heart rate, oxygen saturation, and
recovery status in real time (de Beukelaar & Mantini,
2023; Shan et al., 2026; G. Yang et al., 2024). This
technology provides immediate feedback that allows
training intensity to be adjusted more accurately and
efficiently according to the athlete’s physiological
condition.

The integration of Wearable Tech into sports training
has become increasingly important because traditional
monitoring methods are often limited by delayed
feedback and subjective evaluation (Migliaccio &
Padulo, 2024; Montull et al., 2022). Real time
physiological monitoring can help reduce the risk of
overtraining, fatigue, and injury while simultaneously
improving training effectiveness and athletic
performance (Li, 2025; Rebelo et al., 2026). Heart rate
monitoring is widely used to evaluate exercise
intensity and cardiovascular response during physical
activity (Brockmann & Hunt, 2023; Martin-Escudero
et al, 2023). Meanwhile, oxygen saturation
monitoring provides insight into respiratory efficiency
and muscle oxygen delivery, both of which are
essential for combat sports athletes (Alnuman &
Alshamasneh, 2022; Perrey, 2022). Recovery

device comfort and sensor accuracy during dynamic
movements, wearable monitoring demonstrates
considerable potential to enhance training effectiveness,
athlete safety, and recovery management in martial arts
settings.

Keywords: Physiological Monitoring, Heart Rate, Oxygen
Saturation, Recovery.

monitoring is also critical because inadequate recovery
may negatively affect performance, increase fatigue
accumulation, and reduce training adaptation. Several
previous studies have explored the application of
wearable technology in sports performance
monitoring (Alzahrani & Ullah, 2024; Ferraz et al.,
2023). Research in endurance sports and team sports
has demonstrated that wearable devices can effectively
monitor physiological responses and optimize training
loads (Esco et al., 2026). Studies have also reported
that wearable technology contributes to individualized
training programs through continuous physiological
data collection (Madrigal-Cerezo et al., 2026; Roos &
Slavich, 2023). In combat sports, wearable sensors
have been applied to assess movement patterns, energy
expenditure, and athlete readiness (Xue et al., 2025).
Furthermore, studies involving martial arts athletes
have highlighted the importance of physiological
monitoring in improving performance and recovery
management.

However, despite the growing interest in wearable
technology in sports science, research specifically
focusing on Pencak Silat athletes remains limited.
Most previous studies have concentrated on general
athletic populations, endurance sports, or other combat
sports such as boxing, taekwondo, and mixed martial
arts (Mufioz-Véasquez et al., 2023). In addition, many
studies emphasize physical activity tracking without
integrating comprehensive physiological indicators
such as heart rate, oxygen saturation, and recovery
simultaneously in real time (Elfouly & Alouani, 2025).
There is still insufficient evidence regarding how
Wearable Tech based physiological monitoring can
support precision training adjustments specifically in
Pencak Silat athletes.

Therefore, this study aims to examine the
implementation of Wearable Tech based physiological
monitoring for precision training in Pencak Silat
athletes. This research focuses on real time monitoring
of heart rate, oxygen saturation, and recovery status to
support more adaptive and individualized training
intensity adjustments. The findings of this study are
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expected to contribute to the development of evidence
based training strategies and enhance the integration
of sports technology in Pencak Silat performance
optimization.

METHODS

This study employed a qualitative research
approach to examine the implementation of Wearable
Tech based physiological monitoring for precision
training in Pencak Silat athletes. The qualitative
approach was considered appropriate because the
research aimed to explore the use of wearable
technology in monitoring physiological conditions
during training and to understand how the collected
physiological information supports training intensity
adjustment. The study emphasized the interpretation
of physiological responses, athlete experiences, and
coach considerations in applying real time monitoring
during Pencak Silat training activities.

The participants in this study consisted of 30
students from the Faculty of Sport Science at
Universitas Negeri Padang who had an interest in
Pencak Silat and actively participated in training
activities. The participants were selected using
purposive sampling because they met the research
criteria related to sports participation and familiarity
with Pencak Silat training. These participants
represented individuals with regular physical activity
involvement and an understanding of martial arts
based exercise practices, making them suitable for
physiological monitoring observation using wearable
technology.

Data collection was conducted through
observation, interviews, and documentation during
training sessions. The participants used Wearable
Tech devices such as smartwatches and fitness
trackers to monitor physiological indicators in real
time during exercise activities. The monitored
physiological data included heart rate, oxygen
saturation, and body recovery status throughout warm
up, core training, and recovery phases. Observation
was carried out to examine how physiological
conditions changed according to training intensity and
how wearable monitoring supported training
adjustments. Semi structured interviews were also
conducted to obtain participant perspectives regarding
the effectiveness, benefits, and practicality of
wearable technology in Pencak Silat training.
Documentation in the form of wearable monitoring

reports and training records was used to strengthen the
collected data.

The data in this study consisted of qualitative
descriptive data and physiological monitoring data
generated from wearable devices. The qualitative data
included interview transcripts, participant responses,
and observational notes related to training experiences
and physiological monitoring implementation.
Meanwhile, the physiological data included real time
heart rate  recordings, oxygen  saturation
measurements, and recovery information obtained
during training sessions. These data were interpreted
descriptively to identify patterns of physiological
responses and their relationship with training intensity
adjustment. For example, increased heart rate
accompanied by reduced oxygen saturation and slower
recovery indicated higher physical load and the need
for training modification. In contrast, stable
physiological indicators reflected appropriate training
intensity and adequate physical adaptation.

RESULTS

WEARABLE TECH F K SILAT TRAINING
Real-time Ph, nitoring for
K ; s
” ll

Figure 1. Wearable Tech Device

Figure 1 presents the Wearable Tech device
used in this study for real time physiological
monitoring during Pencak Silat training sessions. The
smartwatch-based device was equipped with features
for monitoring heart rate, oxygen saturation, and
recovery condition, while the connected mobile
application displayed continuous physiological data
throughout exercise activities. The figure also
demonstrates the practical use of the device during
training sessions, showing how participants wore the
smartwatch to support direct monitoring of physical
condition during warm up, intensive exercise, and
recovery phases. This monitoring system enabled
trainers and participants to observe physiological
responses immediately and adjust training intensity
more accurately according to participant body
condition.
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The implementation of Wearable Tech based
physiological monitoring during Pencak Silat training
provided comprehensive information regarding
participant physiological responses and training
adaptation. The wearable devices successfully
monitored heart rate, oxygen saturation, and recovery
status in real time throughout the training sessions.
The collected data demonstrated that physiological
indicators changed according to exercise intensity and
participant physical condition. These monitoring
results enabled trainers to identify participant
readiness, fatigue level, and recovery capacity more

accurately, thereby supporting precision based
training adjustments.
The findings indicated that participants

experienced different physiological responses during
moderate and high intensity training sessions. During
moderate intensity activities, most participants
maintained stable oxygen saturation and demonstrated
relatively fast recovery conditions after exercise. In
contrast, participants involved in intensive training
sessions showed significantly elevated heart rates
accompanied by slight decreases in oxygen saturation
and slower recovery stabilization. These physiological
responses suggested increased cardiovascular demand
and physical fatigue during high intensity exercise.

In addition, the observation results showed that
wearable monitoring supported more adaptive training
management. When participants demonstrated
excessive physiological responses such as prolonged
elevated heart rate and delayed recovery, trainers
immediately modified training intensity by reducing
exercise duration, adjusting movement repetition, or
extending recovery intervals. This approach helped
maintain participant physical safety while improving
training efficiency.

The interview findings also revealed positive
participant perceptions regarding the use of Wearable
Tech during Pencak Silat training. Most participants
reported that real time physiological monitoring
improved their awareness of body condition, fatigue
status, and recovery readiness. Trainers also stated that
wearable monitoring provided more objective
information compared to conventional visual
observation methods. The detailed physiological
monitoring results are presented in the following
tables.

Table 1. Heart Rate Monitoring Results During
Pencak Silat Training Sessions

Training | Average | Physiologic Training
Intensity | Heart al Adjustment
Rate Interpretat
ion
Warm 92-108 Normal No adjustment
Up BPM cardiovascu required
Session lar
activation
Moderate | 120-145 Stable Training
Intensity BPM cardiovascu maintained
Training lar normally
workload
High 155-178 | Increased Intensity
Intensity BPM cardiovascu reduced for
Training lar stress several
and fatigue participants
indication
Recovery | 95-118 Gradual Recovery
Phase BPM cardiovascu duration
lar adjusted
stabilization | accordingto
condition

Table 1 presents the heart rate monitoring

results of participants during different phases of
Pencak Silat training using Wearable Tech devices.
The findings showed that heart rate increased
progressively according to training intensity. During
the warm up session, participants demonstrated
normal cardiovascular activation with heart rate values
ranging from 92 to 108 BPM. In the moderate intensity
session, heart rate increased to 120-145 BPM,
indicating greater cardiovascular workload caused by
technical drills and controlled movement activities.
However, participants were still able to maintain
stable physical performance without excessive fatigue.
The highest heart rate responses occurred
during high intensity training sessions, with values
ranging from 155 to 178 BPM. This condition
reflected substantial cardiovascular stress during
explosive and intensive Pencak Silat movements.
Several participants showed prolonged elevated heart
rate levels, indicating physical fatigue and the need for
training adjustment. During the recovery phase, heart
rate gradually decreased to 95-118 BPM, showing
cardiovascular stabilization after exercise. These
findings indicate that real time heart rate monitoring
using Wearable Tech effectively supported precision
based training management by helping trainers
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evaluate participant physical condition and adjust
exercise intensity appropriately.

Table 2. Oxygen Saturation Monitoring Results
During Training

Trainin | Average | Physiologic | Trainer
g Oxygen al Response
Session | Saturati | Interpretati
on on
(Sp02)
Warm 98%-— Stable Training
Up 99% oxygen continued
Session circulation normally
Modera 96%— Effective No
te 98% oxygen modificati
Intensit utilization on
y required
Trainin
g
High 93%-— Increased Recovery
Intensit 95% fatigue and interval
y oxygen extended
Trainin demand
g
Post 97%— Recovery Participant
Trainin 99% stabilization | condition
g achieved considered
Recover stable
y

Table 2 presents the oxygen saturation
monitoring results of participants during different
phases of Pencak Silat training using Wearable Tech
devices. The findings showed that oxygen saturation
remained relatively stable during warm up and
moderate intensity training sessions, with average
values ranging from 96% to 99%. These results
indicate that participants maintained effective oxygen
circulation and respiratory efficiency during controlled
physical activities. Stable oxygen saturation levels
suggest that the body was still capable of supplying
sufficient oxygen to muscles during exercise, allowing
participants to perform movements without significant
physiological disruption.

However, during high intensity training
sessions, oxygen saturation slightly decreased to
approximately  93%-95%, indicating increased
oxygen demand and higher physical fatigue. This
reduction reflected the greater physiological workload
experienced by participants during intensive
movement combinations and competitive simulation

exercises. In response to these conditions, trainers
extended recovery intervals and adjusted exercise
intensity to prevent excessive fatigue and maintain
participant safety. During the post training recovery
phase, oxygen saturation gradually returned to normal
levels between 97% and 99%, demonstrating
successful physiological stabilization after exercise
completion. These findings indicate that oxygen
saturation monitoring through Wearable Tech
provided valuable information for evaluating athlete
endurance, fatigue condition, and recovery readiness
during Pencak Silat training.

Table 3. Recovery Monitoring Results After Training
Sessions

Recovery | Moderat High Interpretati
Indicator e Intensity on
Intensity | Training
Training
Heart 3-5 6-10 Longer
Rate minutes minutes recovery
Recovery indicated
Time higher
fatigue level
Physical Rapid Delayed Intensive
Stabilizati | stabilizati | stabilizati | sessions
on on on required
additional
recovery
Participan High Moderate Recovery
t readiness | readiness influenced
Readiness training
for Next continuation
Session
Trainer Continue Modify Recovery
Decision planned subseque data
training nt supported
training precision
load adjustment

Table 3 presents the recovery monitoring results
of participants after moderate and high intensity
Pencak Silat training sessions. The findings showed
that participants who performed moderate intensity
training demonstrated faster physiological recovery,
with heart rate recovery time ranging from 3 to 5
minutes. In addition, these participants experienced
rapid physical stabilization and showed high readiness
to continue subsequent training sessions. These results
indicate that moderate training intensity was still
within the participants’ physiological adaptation

J Sport Health Res

ISSN: 1989-6239



:5 Journal of Sport and Health Research

168

2026, 18(Supl 1):162-172

capacity and did not cause excessive fatigue
accumulation.

In contrast, participants involved in high
intensity training required longer recovery time,
ranging from 6 to 10 minutes, before returning to
stable physiological conditions. Delayed recovery and
slower physical stabilization indicated greater
cardiovascular stress and higher fatigue levels caused
by intensive exercise activities. Based on these
recovery monitoring results, trainers modified
subsequent training loads and extended recovery
duration to maintain participant physical readiness and
prevent overtraining. These findings demonstrate that
recovery monitoring using Wearable Tech played an
important role in supporting precision based training
adjustment and individualized exercise management
in Pencak Silat training sessions.

Table 4. Participant and Trainer Responses Toward
Wearable Tech Implementation

Evaluation Participant Trainer
Aspect Response Response
Helped Assisted
. understand objective
Real Time . A
Monitorin physical monitoring of
9 | condition during athlete
training condition
Training Increased SL_Jp_ported
. awareness of precision based
Intensity . S
Control fatigue and body training
limits decisions
Improved Facilitated
Recovery understanding of
recovery
Awareness recovery
. management
readiness
Practicality Devices were Monitoring
of Device easy to use process became
Use during exercise more efficient
Positive and .
Overall beneficial for | Erectivefor
. . training
Perception training supervision
performance P

Table 4 presents the responses of participants
and trainers toward the implementation of Wearable
Tech during Pencak Silat training sessions. The
findings showed that most participants perceived
wearable monitoring devices as useful tools for
understanding their physiological condition during
exercise. Real time monitoring of heart rate, oxygen
saturation, and recovery status increased participant

awareness of fatigue levels, physical limitations, and
recovery readiness. In addition, participants reported
that the devices were practical and easy to use during
training activities, allowing them to monitor body
condition continuously without interrupting exercise
performance.

From the trainer perspective, Wearable Tech provided
more objective physiological information compared to
conventional observation methods. Trainers stated that
real time monitoring assisted them in evaluating
athlete condition more accurately and supported
precision based decisions related to training intensity
adjustment and recovery management. The
monitoring system also improved training efficiency
because physiological indicators could be observed
directly during exercise sessions. Overall, both
participants and trainers demonstrated positive
perceptions regarding the use of Wearable Tech,
indicating that wearable physiological monitoring has
strong potential to support evidence based and
individualized training systems in Pencak Silat.

DISCUSSION

The findings of this study demonstrate that Wearable
Tech based physiological monitoring has significant
potential to support precision training in Pencak Silat
athletes. The results showed that heart rate, oxygen
saturation, and recovery indicators changed according
to training intensity, allowing trainers to identify
athlete physiological conditions in real time. These
findings are consistent with the study conducted by
Sun et al (2022) which explained that wearable sensors
provide valuable physiological information for
monitoring athlete performance and physical
readiness. Similarly, Koushik et al (2025) reported that
wearable technology improves sports performance
monitoring through continuous physiological data
analysis and supports more adaptive training
management. In this study, the use of wearable
monitoring enabled trainers to modify training
intensity immediately when participants demonstrated
excessive cardiovascular responses or delayed
recovery conditions. These findings indicate that
Wearable  Tech  contributes  positively  to
individualized and evidence based exercise
management in combat sports training.

Another important finding was related to recovery
monitoring and oxygen saturation stability during
training sessions. Participants involved in high
intensity exercise demonstrated slower recovery and
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lower oxygen saturation levels compared to moderate
intensity training. This finding supports the study by
Huang et al (2025) , which emphasized that recovery
duration and oxygen utilization are strongly associated
with exercise intensity and fatigue accumulation. In
addition, the findings align with research by Chan et al
(2025) who explained that oxygen resaturation plays
an important role in athlete recovery and performance
stabilization after intensive exercise. Therefore,
monitoring recovery and oxygen saturation through
wearable devices may help trainers prevent excessive
fatigue and reduce the risk of overtraining in Pencak
Silat athletes.

Despite these advantages, this study also identified
several limitations and challenges related to the
implementation of Wearable Tech in sports training.
Some participants experienced discomfort during
intensive movement sessions because wearable
devices occasionally interfered with flexibility and
rapid body movements. In addition, the accuracy of
wearable monitoring may fluctuate during highly
dynamic combat sport activities due to sensor
movement and sweat interference. This issue is
consistent with the findings of who Chen (2024)
reported that wearable devices still face technical
limitations related to sensor precision and data
consistency during high movement intensity sports
activities. Furthermore, Baca et al (2022) explained
that implementing wearable technology in combat
sports remains challenging because movement
complexity may influence sensor accuracy and data
interpretation.

Another limitation of this study is related to the
relatively small number of participants and the focus
on students with an interest in Pencak Silat rather than
professional athletes. Consequently, the physiological
responses observed in this study may differ from elite
athlete populations with higher training intensity and
competitive experience. Additionally, this study used
a qualitative approach, meaning the findings focused
more on descriptive interpretation rather than
statistical performance measurement. However,
despite these limitations, the study provides important
insights into the practical implementation of Wearable
Tech in martial arts training environments and
contributes to the growing development of technology
based athlete monitoring systems. Future studies are
recommended to involve larger participant
populations, integrate quantitative physiological
analysis, and examine long term training adaptation

using wearable monitoring systems in competitive
Pencak Silat athletes.

CONCLUSIONS

This study concludes that Wearable Tech based
physiological monitoring has an important role in
supporting precision training in Pencak Silat athletes.
The implementation of wearable devices enabled real
time monitoring of heart rate, oxygen saturation, and
recovery condition during training sessions. The
findings demonstrated that physiological indicators
changed according to exercise intensity, allowing
trainers to identify participant physical condition more
accurately and adjust training loads based on real time
physiological responses. Through this monitoring
system, training management became more adaptive,
individualized, and evidence based.

The study also found that wearable monitoring
improved participant awareness regarding fatigue
condition, physical readiness, and recovery status
during exercise. Trainers benefited from more
objective physiological information that supported
training intensity regulation and recovery management
more effectively compared to conventional
observation methods. However, several limitations
were identified, including device comfort issues
during intensive movement activities and potential
sensor accuracy challenges during highly dynamic
exercises.

Overall, the findings indicate that Wearable Tech has
strong potential to enhance training effectiveness,
athlete safety, and recovery management in Pencak
Silat. The integration of wearable physiological
monitoring may contribute to the development of
modern sports science approaches in martial arts
training. Future research is recommended to involve
larger  participant  populations,  quantitative
physiological analysis, and long term monitoring to
further evaluate the effectiveness of wearable
technology in improving athletic performance and
training adaptation in competitive Pencak Silat
athletes.
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