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ABSTRACT

This study aims to examine the significant relationship between an-
aerobic threshold, lactic acid, and VO2 Max during the general
preparation period and the long-distance running performance of
SEA Games athletes. The method used in this research is a descriptive
method which provides an overview of the variables studied and does
not provide research treatment to the sample. The research design
used is a correlational design by correlating or connecting the
variables studied. The sample in this study was 6 athletes from the
2023 Cambodia SEA Games Indonesian National Training Center in
long distance running. Instruments in the form of tests carried out at
the FPOK UPI Sport Science Laboratory were given once to samples in
December 2022 in the form of: a treadmill to measure VO2 max, an
anaerobic threshold indicator in the form of a Polar to measure the
anaerobic threshold, and a lactate meter to measure lactic acid. Data
in the form of long distance running times for each athlete in the
Athletics Championship competition held in November-December
2022 in Thailand and the Athletics Invitation and National Selection
SEA Games held in January 2023 in Jakarta were collected. Data
analysis was carried out using SPSS version 24 software. The results
showed that an-aerobic threshold, lactic acid, and VO2 Max during the
general preparation period had a significant relationship with the
long-distance running performance of SEA Games athletes. Based on
the conclusions above, this research provides implications that lactic
acid, an-aerobic threshold, and VO2 Max. The periodization period for
the general preparation stage is an important thing that long distance
running athletes must pay attention to.
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1. INTRODUCTION

The word "athletics" comes from the Greek, athlon or athlum, which means race or
competition. In America and parts of Europe and Asia, the term track and field is often used
for athletics. Meanwhile in Germany, athletic leicht; and Dutch athletiek. Athletics is a
physical or physical activity that consists of basic movements that are dynamic and
harmonious, namely, walking, running, jumping and throwing. Athletics —walking, running,
jumping and throwing — is also called the “mother of all sports”. Because the movements
or physical activities in athletics reflect human life in ancient times. They unconsciously
carry out walking, running, jumping and throwing activities in an effort to maintain and
develop their lives. In fact, this activity is used to save oneself from the disturbances of the
natural surroundings. (Purnomo & Dapan, 2011).

The All Indonesian Athletics Association or known as PASI is the parent institutional
organization which is fully responsible for gathering, developing athletes and coordinating
all athletic activities in Indonesia. Athletics has a coaching forum at the national level known
as the General Board of the Indonesian Athletics Association (PB PASI) which is located in
Jakarta (Alamanda & Wulandari, 2021).

The numbers contested in athletics are: a) short distance running ranging from 60 to
400 meters, b) middle distance running from 800 meters to 1500 meters, and c) long-
distance running starting from distance from 3000 meters to 42,195 km (marathon)
(Basuki, 2016). The throwing numbers consist of javelin throw, discus throw, hammer
throw, and shot put. Road numbers consist of 3000m (for youth), 5000m (for juniors), and
10,000m, 20,000m (for seniors). Jumping consists of the high jump, long jump, triple jump,
and high pole jump. Long-distance running events starting from 3000m steeplechase are
carried out on the track, for distances of 5,000 to 10,000 meters it can be done on the
stadium track or highway, while the marathon is held on the highway. To become a long-
distance runner, some aspects influence success, such as technical, physical, and mental
aspects.

The achievements in athletics in Indonesia are increasing from year to year. More and
more athletes, especially long-distance runners, are achieving well at national and
international levels, including a. Tianingsi b. Rini Budiarti c. Agus Prayogo is an Indonesian
athlete who is a long-distance runner. Until now, the national record has not been broken.
However, if we look specifically at the 5000-meter event, there are no Indonesian athletes
who have shown achievements that are close to their records, both at the national
championship and at the Sea Games championship level.

Improving physical condition is still an obstacle for athletes in developing countries,
including Indonesia. This can be seen from the results of physical tests for multi-event
sporting achievements such as the Asian Games and Sea Games which show that the
athlete's physical condition is still inadequate (Sidik, 2019). Good performance is always
supported by good performance. An athlete's performance is one of the factors caused by
fatigue, the higher the activity carried out, the faster fatigue will arise (Giriwijiyo, 2010).

Endurance is one of the basic ability factors in physical condition which is very
important for sports that last for a relatively long time(Sidik et al., 2010), especially
intermediate running, long-distance, fast walking, and marathon events. (Harsono, 2016)
states that endurance is a state or condition of the body that can train for a long time,
without experiencing excessive fatigue after completing training.

This endurance is often referred to as aerobic endurance. This means that in aerobic
endurance training the oxygen supply is still sufficient to meet the intensity of the exercise
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being carried out. In contrast to anaerobic endurance, in anaerobic endurance training
where the training is heavier/intensity, the oxygen supply is insufficient (Harsono, 2016)

Several factors are related to success in sports performance and Exercise is a major
part of it. An athlete's endurance, according to the type of training, is influenced by factors
such as aerobic strength, efficiency, biomechanics, neuromuscular and cardiovascular
adaptations, anaerobic strength, lactate threshold, and endocrine system adaptations
(Smart, NA and M. Steele, 2012; Ribeiro, C., LT et al, 2012). Many physiological differences
between elite and novice endurance athletes depend on the training methods they use
(Casamichana, D., J. Castellano and A. Dellal, 2013; Borzykh, AA, et al, 2012). Aerobic
interval training is one of the most common training methods to improve athletes'
endurance and performance in the pre-competition season (Borel, B., et al. 2011).
Continuous run training can increase Vo2mayx, capillary density, oxidative enzyme activity
and plasma volume in untrained individuals but is not effective in athletes where interval
training is more efficient (Baquet, G., FX et al, 2010).

However, the influence of resistance training on endurance is also an issue that has
received great attention in recent years. Some evidence suggests that adding resistance
training for athletes, changing physiological stress and improving neuromuscular
characteristics has a positive impact on athletes' endurance (Daussin, F.N., et al., 2008,
Shabkhiz, F., et al., 2008).

According to (Harsono 2018) continuous run training without rest, to increase aerobic
endurance a person must train in a training area of 70-80% of MHR. Maximum heart rate
is 140-160 DNM. Continuous exercise with low to high intensity is around 80%-90% of MHR
so around 160-180 DNM. In Harsono's 2018 book, p. 14, Martin and Lumsden's opinion is
that aerobic activity must be "sufficiently vigorous" (enough intensity) to produce a training
effect or make the exercise feel useful. Athletes must feel "almost tired" and "breathing
heavily" but still be able to "talk" during training.

Interval training or intermittent training is training that is characterized by work
intervals interspersed with rest (recovery) intervals. The implementation is run-rest-run
again-rest-run again - and so on. In the book (Harsono 2016) there are 3 types of interval
training, namely, Long interval training, namely intensity 80-90% of maximum ability,
intermediate interval training intensity 90-95% of maximum ability, short interval training
intensity 95 % of maximum capability.

Coaches and athletes are always looking for traditional training methods to improve
athletes' physical abilities even more. Therefore, different training methods have been
developed and used based on physiology and exercise science. Continuous running and
interval training have long been used in training to increase athletes' aerobic and anaerobic
capacity. Continuous run training, which has a longer history than interval training, is
usually used to increase the aerobic capacity and endurance of the cardio-respiratory
system (Casamichana, D., J. Castellano and A. Dellal, 2013). An example of continuous run
training is when an athlete runs continuously without stopping for a long distance during a
certain exercise or runs continuously for a specified time. The advantages of this type of
training are improving and increasing the capacity of various cardiovascular and respiratory
sources, increasing maximum oxygen uptake, increasing the capillary network, and
increasing mitochondrial enzymes in the aerobic energy system as well as increasing
enzymes in the energy-producing system in general (Smart, NA and M. Steele, 2012 ).

Another common type of exercise used in various sports is interval training. This
training method is alternate periods of exercise - rest - exercise - rest. These exercises are
performed with greater intensity than continuous exercise and the anaerobic energy-
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producing system is stressed as well as the aerobic system in this kind of exercise. Also
because of the rest time between workouts, there is time for energy sources such as
creatine phosphate (CP) and adenosine triphosphate (ATP) to be replaced and the athlete
can continue with less fatigue. Many benefits can be obtained by doing interval training,
namely increasing the level of anaerobic capacity, lactate pathway enzymes, and anaerobic
energy-making enzymes (Borel, B., et. Al., 2011; Daussin, et. Al., 2008).

In previous research, many have examined high-intensity interval training and
continuous running to improve health parameters (Kemi and Wisloff, 2010; Weston et al.,
2013; Wislgff et al., 2007) and reduce body weight (Gibala & Jones, 2013; Gibala & McGee,
2008) (Boutcher,2011; Ladder, Chisholm, Friend, & Shopkeeper,2008). A review of the
literature shows that many trials have examined physiological factors but little research has
focused on fitness training (Shabkhiz, F., et. Al., 2008- Mahmoud, 2010).

2. RESEARCH METHODS

In every research, a method is needed. The use of research methods is adjusted to
the problem and research objectives. The method used in this research is a descriptive
method which provides an overview of the variables studied and does not provide research
treatment to the sample. The use of this method was chosen because it felt appropriate to
the topic of this research. The research design used is correlational (Fraenkel et al., 2012)
by correlating or connecting the variables studied. The sampling technique used in this
research is a total sampling technique, which means taking the entire population as a
sample. So the sample in this study was 6 athletes from the Indonesian National Training
Center for the Cambodia SEA Games in 2023 in long-distance running. The reason the
author chose the sample is because the sample was specially prepared to take part in
competitions and races, and it is not uncommon for them to be members of regional or
national teams.

Fraenkel et al. (2012) stated that a research instrument is "Any procedure or device
for systematically collecting data", this opinion means that a research instrument is a
procedure or device for collecting data systematically. The author used instruments in the
form of tests carried out at the FPOK UPI Sport Science Laboratory which were given once
to the sample in December 2022 in the form of a treadmill to measure VO2 max, an
anaerobic threshold indicator in the form of a Polar to measure the anaerobic threshold,
and a lactate meter to measure lactic acid. Apart from that, the author collected data in
the form of records of long-distance running times for each athlete in the Athletics
Championship competition which was held in November-December 2022 in Thailand, and
the Athletics Invitation and National Selection SEA Games which was held in January 2023
in Jakarta. After the data is obtained, the data will be processed and analyzed using SPSS
version 24 software.

3. RESULTS AND DISCUSSION
The author presents the research findings in table form, statistical descriptions can

be seen in Table 1.
Table 1. Statistical Description

Variable N Mean Std. Deviation
Lactic Acid (mMol/I) 6 4.13 2,676
An-Aerobic Threshold(bpm) 6 171.67 13,515
V02 Max. (ml/kg/min) 6 62.84 5,332
Running Results Record (seconds) 6 1243.88 721,143
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Variable N Mean Std. Deviation
Event-1 (second) 6 1342.05 780,801
Event-2 (second) 6 1145.71 715,069

*Age = 25.545,394 years

Table 1 shows a statistical description of research data based on the variables
studied. It can be seen that there are 6 valid data tested for each variable. The lactic acid
variable has an average value of 4.13 with a standard deviation value of 2.676 mMol/I, the
variablean-Aerobic threshold has an average value of 171.67 with a standard deviation
value of 13.515 bpm, variable VO2 Max. has an average value of 62.84 with a standard
deviation value of 5.332 ml/kg/min, overall running results have an average value of
1243.88 with a standard deviation value of 721.143 seconds, records of running results in
events- 1 (Athletics Championship) has an average value of 1342.05 with a standard
deviation value of 780.801, and the record of running results in event-2 (Athletics Invitation
and SEA Games National Selection) has an average value of 1145.71 with The standard
deviation value is 715.069. Furthermore, the results of the normality test can be seen in
Table 2.

Table 2. Normality Test

Variable Asymp. Sig. (2-tailed) Information
Lactic acid 0.993 Normally distributed
An-Aerobic Threshold 0.254 Normally distributed
VO2 Max. 0.798 Normally distributed
Running Results Records 0.922 Normally distributed
Event-1 0.821 Normally distributed
Event-2 0.683 Normally distributed

Based on Table 2, it can be seen that all data has an Asymp value. Sig. (2-tailed) >
0.05, so that all data can be stated to be normally distributed. Therefore, the author uses a
parametric approach to carry out correlation tests. The results of the correlation test can
be seen in Table 3.
Table 4.3 Correlation Test

Record of Record of Running
Running Results Running Results for Event-2
Variable Record %Overall) Results Event-1 (Athletics Invitation
(Athletics and SEA Games
Championship) National Selection)
Correlation
Lactic acid  Coefficient 0.168 0.237 0.268
Sig. (2-tailed) 0.032 0.001 0.004
An- Correlation
Aerobic Coefficient 0.333 0.421 0.473
Threshold  Sig. (2-tailed) 0.028 0.011 0.017
Correlation
V02 Max. Coefficient 0.198 0.221 0.298
Sig. (2-tailed) 0.022 0.001 0.018

Table 4.3 shows the results of the correlation test using Pearson correlation. Based
on the results of the correlation test, it was found that between lactic acid and the running
results record (overall) it had a correlation coefficient value of 0.168 with a Sig value. (2-
tailed) of 0.032 < 0.05 which means that HO is rejected. The results of the correlation test
between lactic acid and the running results recorded for Event-1 (Athletics Championship)
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have a correlation coefficient value of 0.237 with a Sig value. (2-tailed) of 0.001 < 0.05 which
means that HO is rejected. The results of the correlation test between lactic acid and the
track record for Event-2 (Athletics Invitation and SEA Games National Selection) have a
correlation coefficient value of 0.268 with a Sig value. (2-tailed) of 0.004 < 0.05 which
means that HO is rejected.

Correlation test results betweenan-aerobic threshold with running results records
(overall) has a correlation coefficient value of 0.333 with a Sig value. (2-tailed) of 0.028 <
0.05 which means that HO is rejected. The results of the correlation test between the an-
aerobic threshold and the running results recorded for Event-1 (Athletics Championship)
have a correlation coefficient value of 0.421 with a Sig value. (2-tailed) of 0.011 < 0.05 which
means that HO is rejected. Correlation test results betweenan-aerobic threshold with
recorded running results from Event-2 (Athletics Invitation and SEA Games National
Selection) has a correlation coefficient value of 0.473 with a Sig. (2-tailed) is 0.017 < 0.05
which means that HO is rejected.

Next, the results of the correlation test between VO2 Max. with the running results
record the running results record (overall) has a correlation coefficient value of 0.198 with
a Sig value. (2-tailed) of 0.022 < 0.05 which means that HO is rejected. Correlation test
results between VO2 Max. with a note that the running results of Event-1 (Athletics
Championship) have a correlation coefficient value of 0.221 with a value of Sig. (2-tailed)
of 0.001 < 0.05 which means that HO is rejected. Correlation test results between VO2 Max.
with a note that the results of Event-2 (Athletics Invitation and SEA Games National
Selection) have a correlation coefficient value of 0.298 with a Sig. (2-tailed) of 0.018 < 0.05
which means that HO is rejected.

Based on the results of the data processing and analysis above, it can be stated as follows:
1) Lactic acid duringthe periodization of the general preparation stage has a significant
relationship with the running results of SEA Games athletes.
2) An-Aerobic thresholdThe periodization period for the general preparation stage has
a significant relationship with the running results of SEA Games athletes.
3) VO2 Max. The periodization period for the general preparation stage has a
significant relationship with the running results of SEA Games athletes.

4. Conclusion

Based on the results of the research that has been carried out, the author can
conclude several things, including:

1) Thereis asignificant relationship between lactic acid during the general preparation
stage and the running results of SEA Games athletes.

2) There is a significant relationship between the an-aerobic threshold during the
periodization of the general preparation stage and the running results of SEA Games
athletes.

3) There is a significant relationship between VO2 Max. periodization period for the
general preparation stage with records of SEA Games athletes' running results

Based on the conclusions above, this research provides implications that lactic acid,
an-aerobic threshold, and VO2 Max. The periodization period for the general preparation
stage is an important thing that long distance running athletes must pay attention to. This
is because these three things are important variables that support a long-distance athlete
in getting the best running record. The author can provide several suggestions regarding
the results of the research that has been carried out, namely: There is a need to measure
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lactic acid, an-aerobic threshold, and VO2 Max. periodically, especially at different stages
of periodization because it is a form of monitoring training progress that can help athletes.
Next, there needs to be good education regarding lactic acid, an-aerobic threshold, and
VO2 Max. to athletes and long-distance running coaches so they can pay better attention
to these variables and their relationship to running results records. Apart from that, the
author feels that there is a need for a collection of data in the form of structured records
of running results because they can be used as evaluation and reference material for long-
distance running athletes.
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