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Background: Cardiorespiratory endurance is an important component of performance in
pencak silat because competition requires athletes to sustain performance across repeated
bouts of high-intensity activity interspersed with recovery periods. However, evidence
comparing changes in aerobic capacity following fartlek and continuous running training
among adolescent pencak silat practitioners remains limited.

Objective: This study aimed to compare changes in estimated VO,max following fartlek
and continuous running training among students participating in a pencak silat
extracurricular program.

Methods: A two-group pretest-posttest design was used involving 24 students from SMP
Darul Ikhlas Cikarang. Participants were selected using total sampling and were equally
allocated to a fartlek group (n = 12) and a continuous running group (n = 12) through
ordinal pairing. Estimated VO,max was assessed using the 20-m Multistage Fitness Test
before and after the training program. Data were analyzed using assumption tests, paired-
samples t-tests to evaluate within-group changes, and an independent-samples t-test to
compare changes between groups at a significance level of 0.05.

Results: Estimated VO,max in the fartlek group increased from 33.48 to 40.10, while the
continuous running group increased from 33.20 to 38.50. Both groups showed significant
improvements; however, no significant difference was found in the change in estimated
VO,max between the fartlek and continuous running groups (t = 0.693, df = 22).
Conclusion: These findings indicate that both training programs were associated with
improvements in estimated VO,max, but the study did not provide evidence that one
method produced a greater improvement than the other.
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ABSTRAK

Latar belakang: Daya tahan kardiorespirasi merupakan komponen penting bagi praktisi
pencak silat karena aktivitas pertandingan menuntut kemampuan mempertahankan
performa selama rangkaian gerak berintensitas tinggi dan fase pemulihan berulang.
Namun, bukti yang membandingkan perubahan kapasitas aerobik setelah latihan fartlek
dan continuous running pada remaja praktisi pencak silat masih terbatas.

Tujuan: Penelitian ini bertujuan untuk membandingkan perubahan estimasi VO,max
setelah latihan fartlek dan continuous running pada peserta ekstrakurikuler pencak silat.
Metode: Penelitian menggunakan desain prefest-posttest dua kelompok dengan
melibatkan 24 siswa SMP Darul Ikhlas Cikarang yang dipilih menggunakan total sampling
dan dibagi secara seimbang ke dalam kelompok fartlek (n = 12) dan continuous running (n
= 12) melalui ordinal pairing. Estimasi VO,max diukur menggunakan 20-m Multistage
Fitness Test sebelum dan setelah program latihan. Data dianalisis menggunakan uiji
prasyarat dan paired-samples t-test untuk mengevaluasi perubahan dalam kelompok
serta independent-samples t-test untuk membandingkan perubahan antarkelompok pada
taraf signifikansi 0.05.

Hasil: Estimasi VO,max kelompok fartlek meningkat dari 33,48 menjadi 40,10, sedangkan
kelompok continuous running meningkat dari 33,20 menjadi 38,50. Kedua kelompok
menunjukkan peningkatan yang signifikan, tetapi tidak ditemukan perbedaan yang
signifikan pada perubahan estimasi VO,max antara kelompok fartlek dan continuous
running (t = 0,693, df = 22).
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Kesimpulan: Kedua program dikaitkan dengan peningkatan estimasi VO,max, namun
penelitian ini tidak menemukan bukti bahwa salah satu metode menghasilkan perubahan
yang lebih besar daripada metode lainnya.

© 2026 The Author. Licensed under a Creative Commons Attribution-ShareAlike 4.0 International License.

Highlights

v Both fartlek and continuous running training significantly
improved estimated VO,max in adolescent pencak silat
practitioners.

v Estimated VO,max increased by 6.62 mL kg™ min™ after
fartlek and 5.40 mL kg™ min™ after continuous running.

v" No significant between-group difference was found in
estimated VO,max changes following the two training
programs.

Introduction

Pencak silat is a combat sport that requires a
combination of technical skill, speed, strength, anaerobic capacity,
and cardiorespiratory endurance. In the sparring category,
athletes repeatedly perform sequences of attack, defense,
positional movement, and recovery, making the ability to sustain
work capacity throughout a bout an important component of
physical readiness. The combat sports literature indicates that
aerobic capacity contributes to recovery between high-intensity
efforts and helps maintain performance during intermittent
activity. A meta-analysis of combat-sport athletes showed that
high-intensity interval training can improve aerobic capacity,
including VO,max, in both striking and grappling athletes
(Vasconcelos et al., 2020). More recent findings in martial arts
athletes also suggest that high-intensity interval programs can
produce aerobic and physical fitness adaptations that are relevant
to the demands of combat sports (Cai et al., 2026; Yue et al., 2025).
Therefore, the development of cardiorespiratory capacity should
be considered a key component of physical conditioning
programs for pencak silat practitioners, including adolescents.

The need to develop aerobic capacity is particularly
important in school-age athletes because adolescence is a
developmental period in which training responses are still
influenced by growth, biological maturation, training experience,
and the characteristics of the exercise stimulus. Evidence from
adolescent populations indicates that various forms of aerobic
training can improve cardiorespiratory capacity, although the
magnitude of adaptation may differ according to training
intensity and structure. Su et al. (2025), for example, reported that
six weeks of sprint interval training and moderate-intensity
continuous training both produced meaningful improvements in
VO,peak in adolescent boys, although the two methods elicited
different metabolic responses. A meta-analysis by Matzka et al.
(2025) also showed that interval training can be an effective
strategy for improving aerobic and anaerobic capacity in young
athletes. These findings highlight that the selection of training
methods for adolescents should consider not only improvements
in aerobic capacity but also sport-specific demands and the
athlete’s ability to tolerate the prescribed training stimulus.

Two methods commonly used to develop aerobic
capacity are fartlek training and continuous running. Fartlek
combines variations in speed and intensity within a single session,
producing an aerobic stimulus interspersed with periods of
higher-intensity work, whereas continuous running involves
sustained activity at a relatively stable intensity. Several studies
have reported beneficial effects of fartlek training on aerobic
capacity. Bahtra et al. (2024) found that fartlek training improved
VO;max in 15-17-year-old soccer players and produced greater
improvements than small-sided games. Satria et al. (2024) also
reported improved aerobic endurance following an eight-week

fartlek program in adolescent futsal players, although circuit
training produced a larger improvement in that study. In karate
athletes, Wijaya et al. (2024) likewise showed that fartlek can be
used as one method for improving VO,max. These findings
suggest that fartlek has the potential to enhance aerobic capacity
across different sporting contexts, although the magnitude of the
response may depend on participant characteristics and the
training program.

In the context of pencak silat, several studies have also
shown that interval-based training can improve aerobic capacity.
Lubis et al. (2022) reported that five weeks of aerobic interval
training in elite pencak silat athletes increased VO,max while also
reducing resting heart rate and several body-composition
indicators. Mardinus et al. (2025) found that interval training had
a positive effect on VO max in pencak silat athletes using the
bleep test as the assessment instrument. Subekti et al. (2025)
further showed that four weeks of high-intensity interval training
improved aerobic capacity and sport-specific speed in young
pencak silat athletes. More recently, Al As'Ary et al. (2026)
reported that long-interval training in 16-18-year-old pencak silat
athletes increased VO,max and reduced resting heart rate
compared with a control group. Collectively, these findings
strengthen the evidence that interval-based training can stimulate
aerobic adaptation in pencak silat practitioners.

Nevertheless, the relative effectiveness of variable-
intensity training and continuous training has not shown a fully
consistent pattern. Wulandari et al. (2026) compared high-
intensity interval training, fartlek, and moderate continuous
training over eight weeks and found that all three methods
improved indicators of aerobic capacity, although HIIT produced
the greatest changes in VO,max and several biomechanical and
recovery-related indicators. In contrast, Su et al. (2025) found that
sprint interval training and moderate-intensity continuous
training produced relatively similar improvements in VO,peak in
adolescent boys. Other comparative studies in adolescent
populations have likewise shown that both interval-based and
continuous training can improve cardiorespiratory fitness, with
the relative advantage of one method depending on the training
protocol, intensity, duration, and participant characteristics (Yang
etal., 2025; Yahat, 2025; Zheng et al., 2025). These findings indicate
that evidence regarding which method produces greater aerobic
adaptation cannot be generalized directly from one population to
another.

Several research gaps can be identified from the existing
literature. First, most available studies in pencak silat have
evaluated interval training or HIIT in isolation and compared it
with routine training or a control group rather than directly with
continuous running. Second, studies comparing fartlek and
continuous training have more commonly involved sport science
students, soccer players, futsal players, or non-pencak silat
populations. Third, comparative evidence among school-age
pencak silat practitioners remains limited, even though
adolescents may respond differently to training than adult
athletes. Fourth, several studies have relied on indirect measures
of aerobic capacity; therefore, the findings should be interpreted
in terms of changes in estimated VO,max rather than directly
measured laboratory VO,max. Methodological literature
indicates that the 20-m shuttle run is a practical field-based tool
for estimating cardiorespiratory fitness in children and
adolescents, although the resulting estimates remain influenced
by the prediction model and participant characteristics (Nevill et
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al., 2021a, 2021b). Accordingly, further research is needed to
directly compare changes in estimated VO,max following fartlek
and continuous running in adolescent pencak silat practitioners
using a two-group pretest-posttest design.

The novelty of this study lies in the direct comparison of
two aerobic training models with different stimulus
characteristics —fartlek, which involves variations in intensity,
and continuous running, which maintains a more stable
intensity —in school-age pencak silat practitioners allocated to
two groups using ordinal pairing. Unlike previous studies that
have primarily compared interval training or HIIT with a control
group, the present study focuses on whether changes in estimated
VO,max following these two approaches differ within the context
of a school-based pencak silat extracurricular program.

Based on these gaps, this study aimed to analyze
changes in estimated VO,max following fartlek and continuous
running training and to compare the magnitude of change
between the two groups among pencak silat extracurricular
participants. Scientifically, this study is expected to add evidence
regarding aerobic responses to two endurance-training
approaches in adolescent pencak silat practitioners. Practically,
the findings may help teachers, extracurricular instructors, and
pencak silat coaches select and design aerobic training methods
that are appropriate for school-age participants, without
assuming that the absence of a statistically significant difference
constitutes evidence that the two methods are truly equivalent.

Materials and Methods
Study Design

This study employed a quantitative approach using a
two-group quasi-experimental pretest-posttest design (non-
randomized matched two-group pretest-posttest design) (Figure
1). The design was used to evaluate changes in estimated VO,max
before and after two different aerobic training programs —fartlek
and continuous running—and to compare the magnitude of
change between the two groups. Participants were not randomly
allocated; instead, they were assigned to the two groups using an
ordinal-pairing procedure based on baseline measurements to
achieve relatively comparable initial cardiorespiratory fitness
levels.

Two intervention groups were formed: a fartlek group
and a continuous running group. Both groups underwent an
assessment of estimated VO,max before the training program
(pretest) and after completion of the entire program (posttest). The
training program lasted eight weeks. During the intervention
period, the primary training activities differed according to the
assigned training method, whereas other conditions, where
feasible, including the training location, training schedule,
measurement procedures, and testing instructions, were kept
consistent between groups.

Participants

The participants were all active members of the pencak
silat extracurricular program at SMP Darul Ikhlas Cikarang. A
total of 24 participants were included using total sampling,
whereby all members of the population who met the study criteria
were recruited. Following the baseline assessment, participants
were ranked according to their estimated VO,max values and
subsequently allocated using an ordinal-pairing procedure to
create two groups with relatively comparable baseline
cardiorespiratory fitness levels. The fartlek group consisted of 12
participants, and the continuous running group consisted of 12
participants. This matched allocation procedure was used to
reduce baseline differences in cardiorespiratory fitness between
the groups before the training programs were implemented.

The inclusion criteria were being an active participant in
the pencak silat extracurricular program, completing the pretest,
being physically able to participate in the training program, and
being willing to complete the entire study protocol. Participants
were excluded from the analysis if they sustained an injury, did
not complete the posttest, or had training attendance below the
predetermined minimum requirement.

Instrument

Cardiorespiratory fitness was estimated using the 20-m
Multistage Fitness Test (MSFT), also known as the 20-m shuttle
run test or beep test. The test was performed on a flat 20-m course
marked by two boundary lines. Participants ran back and forth
between the two lines in response to audio signals, with running
speed progressively increasing at each level. The test was
terminated when a participant could no longer maintain the
required running speed or failed to reach the line according to the
predetermined termination criteria.

Test performance was recorded according to the final
level and shuttle successfully completed and was subsequently
used to estimate VO,max in mL kg™ min™. Because aerobic
capacity was derived from a field-based prediction rather than
directly measured through respiratory gas analysis, the outcome
of this study is reported as estimated VO,max.

The 20-m shuttle run is widely used as a practical field-
based method for estimating cardiorespiratory fitness in children
and adolescents. However, the resulting VO,max values are
estimates and may be influenced by the prediction equation and
participant characteristics (Nevill et al., 2021a, 2021b). Therefore,
the testing procedure and conversion model should be reported
consistently to facilitate replication.

Statistical analysis

Data were analyzed using descriptive and inferential
statistics. Descriptive data were presented as mean * standard
deviation (SD) to summarize estimated VO,max before and after
the training program in each group. Individual change scores
were calculated as posttest minus pretest values.

The assumption of normality was examined using the
Shapiro-Wilk test, which is appropriate for small sample sizes,
while homogeneity of variance between groups was assessed
using Levene’s test. The significance level was set at a = 0.05.

Changes in estimated VO,max from pretest to posttest
within each group were analyzed using paired-samples t-tests. To
compare the magnitude of change between the fartlek and
continuous running groups, change scores were analyzed using
an independent-samples t-test. The results were reported as mean
+ SD, t values, degrees of freedom (df), and p values.

Results

The analysis showed that both groups experienced
increases in estimated VO,max following the training programs.
In the fartlek group, mean estimated VO,max increased from
33.48 mL kg™ min™ at pretest to 40.10 mL kg™ min™ at posttest,
with a mean change of 6.62 + 4.31 mL kg™ min™'. Meanwhile, the
continuous running group increased from 33.20 to 38.50
mL kg™ min™, with a mean change of 5.40 + 3.50 mL kg™ min™
(Table 1).

Paired-samples t-tests showed significant increases in
estimated VO, max in both the fartlek group, t(11) = 5.32, p <.001,
and the continuous running group, t(11) = 5.34, p < .001. These
findings indicate that post-intervention estimated VO,max values
were significantly higher than pre-intervention values within
each group.
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Before hypothesis testing, the assumptions of normality
and homogeneity of variance were examined. Based on the
available diagnostic results, the data met the assumptions
required for the application of parametric tests.

To determine whether the magnitude of change differed
between the two training programs, estimated VO,max change
scores were compared using an independent-samples t-test. The
results are presented in Table 2.

The fartlek group showed a descriptively greater mean
increase in estimated VO,max than the continuous running group
(6.62 vs. 5.40 mL kg™ min'). However, the independent-samples
t-test indicated that this between-group difference in change was
not statistically significant, t(22) = 0.693, p = .496. Therefore, the
study found no statistical evidence that the change in estimated
VO,max following fartlek training differed from that observed
following continuous running.

Group Pretest Training program Posttest
Fartlek O 1 X 1 Oz
Continuous running (O X5 O,

Note: O; = measurement of estimated VO, max before the training program; X, = fartlek training program; X, = continuous running training
program; O, = measurement of estimated VO,max after the training program.
Figure 1. Two-group pretest-posttest study design

Table 1

Changes in estimated VO,max before and after the training programs
Group n Pretest mean Posttest mean A Mean * SD t p
Fartlek 12 33.48 40.10 6.62 +4.31 5.32 <0.001
Continuous running 12 33.20 38.50 5.40 £3.50 5.34 < 0.001

Note. A = posttest — pretest; estimated VO,max is expressed in mL kg™ min™.

Table 2

Comparison of changes in estimated VO,max between the fartlek and continuous running groups
Group n A Mean SD t df p
Fartlek 12 6.62 431 0.693 22 0.496
Continuous running 12 5.40 3.50

Discussion From a physiological perspective, the increase in

The findings showed that estimated VO,max increased
significantly following the training program in both the fartlek
and continuous running groups. The fartlek group showed a mean
increase of 6.62 mL kg™ min!, whereas the continuous running
group increased by 540 mLkg?min™ Although the
improvement was descriptively greater in the fartlek group, the
between-group difference in change was not statistically
significant. Thus, the main finding of this study is that both forms
of training were associated with improvements in
cardiorespiratory capacity, but there was no evidence that one
method produced a greater increase in estimated VO, max than the
other.

The improvement observed in the fartlek group is
consistent with several previous studies. Bahtra et al. (2024)
showed that fartlek training can improve VO,max in adolescent
soccer players, while Satria et al. (2024) reported improved aerobic
endurance following an eight-week fartlek program in adolescent
futsal players. In the context of pencak silat, Mardinus et al. (2025)
also reported increased VO,max following interval training,
whereas Subekti et al. (2025) found improvements in physical
fitness after high-intensity interval training in young pencak silat
athletes. These findings are further supported by systematic
reviews and meta-analyses showing that high-intensity interval
training can improve aerobic capacity in combat-sport and martial
arts athletes (Yue et al., 2025; Cai et al., 2026). On the other hand,
the improvement in the continuous running group is also
consistent with evidence that sustained aerobic training can
enhance cardiorespiratory capacity. Su et al. (2025), for example,
found that both moderate-intensity continuous training and sprint
interval training improved aerobic capacity in adolescent boys.
Therefore, the absence of a significant between-group difference
in the present study is consistent with evidence suggesting that
different training patterns can produce aerobic adaptations when
the training stimulus is sufficient.

estimated VO,max in both groups can be explained by repeated
stimulation of the cardiorespiratory system. Fartlek training
involves variations in intensity, exposing the body alternately to
periods of higher-intensity work and active recovery. This pattern
may increase the demands placed on oxygen transport and
utilization as well as on recovery between higher-intensity efforts.
Such mechanisms are relevant to the intermittent nature of combat
sports (Yue et al., 2025; Cai et al.,, 2026). In contrast, continuous
running maintains a relatively stable aerobic workload over a
longer duration, thereby providing a sustained stimulus to the
cardiorespiratory system. Comparative evidence also indicates
that both interval and continuous training can improve aerobic
capacity, although the magnitude and pattern of adaptation may
depend on training intensity, volume, program duration, and
participant characteristics (Bi et al., 2026; Su et al., 2025; Wulandari
et al., 2026). Therefore, the improvements observed in both groups
are physiologically plausible, whereas the relatively small
between-group difference in change may not have been large
enough to reach statistical significance in the present sample.

Clinical implications

From a practical perspective, both fartlek and
continuous running may be considered as alternative training
methods for developing cardiorespiratory capacity in school-age
pencak silat extracurricular participants. Fartlek may be useful
when coaches wish to incorporate variations in speed and
intensity within a single session, whereas continuous running may
be used to provide a more stable aerobic stimulus that is relatively
easy to control. However, the present findings do not demonstrate
that the two methods are equivalent, nor do they show that one
method is superior. Accordingly, the choice of training method
should be based on program objectives, participant characteristics,
the stage of training, and the coach’s ability to regulate training
intensity and volume.

Study limitations

Comparison of changes in estimated VO,max following fartlek and continuous running training...
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This study has several limitations. The sample size was
relatively small and was drawn from a single pencak silat
extracurricular program, which limits the generalizability of the
findings. Group allocation was conducted using ordinal pairing
without randomization; therefore, the potential influence of
confounding factors cannot be completely ruled out.
Cardiorespiratory capacity was also assessed using the 20-m
Multistage Fitness Test, meaning that VO,max was estimated
rather than directly measured using respiratory gas analysis
(Nevill et al., 2021a). In addition, the study did not control for
factors such as physical activity outside the training program,
dietary intake, sleep, biological maturation, and other training
loads that may have influenced aerobic responses. Future studies
should include larger samples, use randomization and control
groups where feasible, directly measure VO,max, and apply more
standardized monitoring of training intensity and load to clarify
differences in responses to fartlek and continuous running.

Conslusions

Based on the findings, both fartlek and continuous
running training were associated with improvements in estimated
VO,max among school-age pencak silat extracurricular
participants. Although the fartlek group showed a descriptively
greater mean improvement than the continuous running group,
the between-group difference in change was not statistically
significant. These findings indicate that both methods may be used
as alternative approaches to developing cardiorespiratory
capacity, but the study does not provide evidence that one method
is superior or that the two methods are truly equivalent.

The choice of training method should therefore be
tailored to the objectives of the training program, participant
characteristics, and the prescribed intensity and volume. Future
research  should involve larger samples, incorporate
randomization and stronger control procedures, and use more
accurate measures of aerobic capacity to clarify potential
differences in responses between the two training methods.
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