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__________________________________________________________________________ 

ABSTRACT 

Cardiovascular endurance has described the functions of the respiratory, cardiovascular, and musculoskeletal 

systems in carrying out physical activities. This is determined by measuring VO2 max. Physical activity will 

increase VO2 max value. Repetitive and systematic movements stimulate organ function to work optimally, 

characterized by increased the denser capillary filling to meet the needs of oxygen and nutrients for cells, 

including brain cells, makes cognitive abilities will be better. This research was conducted on 60 elementary 

school students. Subjects followed multistage fitness to determine their VO2 max and physical fitness levels. 

Then the subject participated in teaching and learning activities with the learning method. The results showed 

that physical fitness and achievement were directly proportional to the increase in fitness based on problems 

(PBM). The increase in physical fitness level will improve academic achievement.  
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_________________________________________________________________________ 

INTRODUCTION 

Cardiovascular endurance is an important 

component of physical fitness which describes the 

functions of the respiratory, cardiovascular, and 

musculoskeletal systems in carrying out physical and 

work activities. Cardiovascular endurance is known 

by measuring the maximum oxygen consumption or 

VO2 max.1 Physical activity types determine the 

value of cardiovascular endurance. Cardiovascular 

endurance is physiologically influenced by heredity 

(genetic), age, gender, and physical activity.2 

VO2 max is closely related to the oxygen 

transport system that the body needs to produce 

energy.3 To reach cells in the body, the cardiovascular 

system pumps blood (by the heart works) and through 

blood vessels which eventually carry oxygen to the 

cells.4 

Someone who has high activity physiologically 

will have a good VO2 max level compared to people 

who have low activity.5 Good physical activity will 

increase the work efficiency of the heart. The work 

efficiency of the heart will increase according to the 

changes that occur. These can include changes in 

heart rate, stroke volume, cardiac output, including 

blood pressure.6 

Children of school-age tend to be active and 

have a lot of activity outside.7 According to research 

by Hodges et al., strenuous physical activity requires 

20 times the normal amount of oxygen, causing a 

trigger for the respiratory system and cardiovascular 
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endurance to maintain the balance between oxygen 

pressure (PO2) value and arterial carbon dioxide 

pressure (PCO2) to remain normal.8  

Sport is an activity that requires physical 

activity with adjustable intensity. Exercise causes 

changes in various regulatory systems of the body, 

such as the respiratory system and the 

musculoskeletal system. These changes depend on 

the duration, intensity, and type of the exercise.9 In a 

vascular system, there will be an increase in the 

elasticity of blood vessels accompanied by densely 

filled capillaries so that blood flow to organs, 

including the brain, and the peripheral areas of the 

body becomes smoother. The blood flow is rich in 

oxygen and nourishment so that the supply of 

nutrients to the organs is better. Besides, the lung will 

expand more and the alveoli are more active to 

accommodate more oxygen, this increases the flow of 

oxygen circulating throughout the body.10 Besides, 

exercise also affects the immune system with the 

release of the proinflammatory cytokine IL-6, 

secretion of growth hormone, and stimulation of Th2 

which improves body health.11,12 It also improves 

thinking, concentration, memory, and intellectual 

power as a result of the release of brain-derived 

neurotrophic factor (BDNF) of the brain.13,14 

Operational exercise of increasingly greater 

connections between synapses, accompanied by 

regions that strengthen the basal ganglia, cerebellum, 

and corpus callosum which increase one's ability to 

solve problems.15 

Physical fitness is the ability of a person's body 

to carry out an activity that requires maximum 

physical exertion without experiencing fatigue, even 

being able to perform other physical activities.16 

There are various ways to perform a physical fitness 

test, one of which is multistage fitness (MFT). Other 

methods include the Indonesian Physical Fitness test 

(TKJI), walking tests - running for 15 minutes (balke 

test), running for 12 minutes (cooperating tests), 

running 2.4 km (cooperating tests), and going up and 

down benches (casch).17 

The more a person inhales oxygen, the more 

energy is produced. The ability of the maximum lung 

capacity to accommodate oxygen can be seen from 

VO2 max. A large VO2 max value indicates better 

physical fitness.18 

According to Gok et al., learning methods 

based on problems in science lessons, including 

Natural Sciences, are basic. Through this method, 

students seek to find solutions to problems faced by 

utilizing the information presented.19 With this 

method, students are expected to not only memorize 

what is written in the book but also build a critical 

mindset to decide how to solve the problem and 

understand the essence of the material being 

studied.20 There are four stages that students must go 

through in problem-based learning, includes: 

understanding the problems faced, designing steps to 

be taken to solve the problem, implementing what has 

been designed, and evaluating its implementation. 

 

METHOD AND MATERIAL 

The population taken for this study was the 

fifth-grade elementary school students in Tabanio. 

The research sample was taken from all grade V 

elementary school students in Tabanio Village, 

Takisung District, Tanah Laut Regency which 

consisted of SDN Tabanio 1, SDN Tabanio 2, and 

SDN Tabanio 3 who met the following inclusion 

criteria: aged 10-13 years, had an index Normal body 

mass (BMI), not smoking, not menstruating, 

physically healthy, that is, at the time of the study the 

probands was not sick and did not have a history of 

heart and lung disease, cooperative, research subjects 

can be invited to collaborate to carry out research 

procedures. VO2 max is the maximum oxygen 

consumption in ml/kg/minute which can be measured 

using a multistage fitness test. For the measurement 

of blood pressure, the instruments used include the 

mercury sphygmomanometer (ABN®) with a small 4 

x cuff13 cm and a stethoscope (GEA®) 

Subjects follow the second part of the research 

process using classroom action research methods. 

They will get a case problem related to the digestive 
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system material in science lessons. In this case, the 

ability to understand problems will be assessed, plan 

solutions and carry out problem-solving based on the 

plans prepared. The results will be analyzed using 

quantitative analysis methods. 

 

RESULTS AND DISCUSSION 

From the results of the research that has been 

done, it was found that the diastolic blood pressure 

average before and after the Multistage Fitness Test 

(MFT) was 74.73 mmHg and 85.54 mmHg, 

respectively. While the results of the study for 

systolic blood pressure, it was found that the average 

systolic blood pressure before and after MFT was 

111.62 mmHg and 126.22 mmHg, respectively (table 

1). 

Based on these results, it can be seen that there 

is an increase in diastolic and systolic blood pressure 

after MFT compared to before MFT. Forjaz et al's 

study showed that when measuring 80% of the peak 

VO2 max, there was an increase in systolic and 

diastolic blood pressure compared to before 

measurement. This research was conducted on people 

with normal blood pressure.22 Kusmana's research 

shows that with dynamic and isometric exercises, 

there will be an increase in both systolic and diastolic 

blood pressure. With dynamic training cardiac output 

increases as the heart rate increases, stroke volume 

increases as well as contractility. Blood flow to the 

working muscles will increase due to local 

vasodilation, on the other hand, blood flow to the 

non-functioning muscles and visceral organs is 

reduced by sympathetic vasoconstriction. In 

isometric exercises, the increased blood pressure is 

associated with response to pressure. This pressure is 

mediated by reflex causing the cardiac output to 

increase with or without changes in vascular 

resistance, the result is that blood pressure increases 

with the amount of muscle mass that contracts.23 

The increase in diastolic and systolic blood 

pressure before and after MFT was statistically tested 

with the Wilcoxon test. Previous data were tested for 

normality using the Shapiro-Wilk test. The results of 

the normality test of the pretest and posttest data were 

not normally distributed, when transformed, the data 

were still not normally distributed. So an alternative 

test from the Wilcoxon test was carried out and it 

showed a significant difference between diastolic and 

systolic blood pressure before and after MFT. 

The results of the study for maximum oxygen 

consumption (VO2 max) obtained an average VO2 

max value was 27.41 ml/kg/minute. The results 

showed that the normal VO2 max value in children 

was 45-50 ml/kg/minute. This means that the VO2 

max score of grade V SD students in Tabanio is below 

the normal value.24 

 

Table 1. Systolic and diastolic blood pressure, VO2 max, and problem-solving abilities mean in Problem-

Based Learning. 

No. Aspect (Average) Before the MFT After the MFT 

1 Systolic blood pressure 111.62 126.22 

2 Diastolic blood pressure 74.73 85.54 

3 VO2 max 27.41 

4 Problem-solving skill 70.32 82.06 

The results obtained mean that it is not by the 

estimation that coastal children with high activity will 

produce a good VO2 max.  

The VO2 max value obtained was then 

correlated with the difference in blood pressure to 

determine the effect of VO2 max on systolic and 

diastolic blood pressure. The results of the correlation 

test between VO2 max and diastolic blood pressure 

using the Spearman test showed that there was no 

significant correlation between VO2 max and 
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diastolic blood pressure. The results of the correlation 

test between VO2 max and systolic blood pressure 

using the Spearman test showed that there was a 

significant correlation between VO2 max and systolic 

blood pressure. These results are by the research 

hypothesis that there is an effect of VO2 max on 

blood pressure but only on systolic blood pressure. 

The VO2 max obtained in the study subjects 

was below the standard with an average value of 

27.41 ml/kg/minute. This affects the resulting blood 

pressure. However, it turns out that VO2 max that is 

below this standard only affects systolic blood 

pressure, not diastolic blood pressure. The results of 

this study are from the research of Sadhan et al, who 

found a correlation between VO2 max and systolic 

blood pressure. VO2 max has a close relationship 

with heart function including blood pressure. People 

who have a high VO2 max value will produce stable 

systolic blood pressure due to cardiovascular 

adaptation. Such adaptations include increased stroke 

volume with decreased heart rate, increased muscle 

capillarization, and better extraction of oxygen from 

arteries. Conversely, if the VO2 max is low, it will 

affect the systolic blood pressure value in the form of 

a significant increase after activity.25 

According to research by Armstrong, men and 

women have no difference in VO2 max values until 

puberty. The results obtained in this study indicate 

that the normal VO2 max value in children is 45-50 

ml/kg/minute. This means that the VO2 max scores 

of grade V SD students in Tabanio are below normal 

values.26 

According to Engka et al, to increase VO2 max 

and gain fitness, aerobic exercise should be done with 

a frequency of 3-5 times/week training with a training 

duration of 20-30 minutes. The activity of these 

coastal children is indeed high but they have not yet 

been able to reach the training dose that can increase 

VO2 max.27 

Sadhan et al who found a correlation between 

VO2 max and systolic blood pressure. VO2 max has 

a close relation with heart function including blood 

pressure. People who have a high VO2 max value will 

produce stable systolic blood pressure due to 

cardiovascular adaptation. Such adaptations include 

increased stroke volume with decreased heart rate, 

increased muscle capillarization, and better 

extraction of oxygen from arteries. Conversely, if the 

VO2 max is low, it will affect the systolic blood 

pressure value in the form of a significant increase 

after activity.28 

VO2 max affects physical fitness because it 

determines the level of students' ability to do 

activities, including studying. High VO2 max results 

in better physical fitness and a way to increase it is by 

doing physical activity, regular and systematic 

exercise.29 In this study, the subjects attended classes 

with problem-based learning methods with the theme 

of the case concerning the human digestive tract 

which is one of the Natural Science (IPA) materials. 

In this section, the research method is classroom 

action research. During this phase, the ability to 

understand problems will be assessed, plan solutions 

and carry out problem-solving based on the plans 

prepared. The results of the quantitative analysis 

showed the students' problem-solving abilities before 

and after MSF were 70.32 and 82.06, respectively 

(Table 1). This means there is an increase in ability 

after participating in multistage fitness activities. 

When doing sports activities, the body 

continuously moves regularly and the nervous system 

works the muscles through the delivery of stimuli 

increasingly working for coordination with repetitive 

and continuous movements, organ function is 

encouraged to work optimally, characterized by 

increased physical fitness and the ability to work for 

a longer duration.13 This activity also increases the 

number of capillaries to meet oxygen and nutritional 

needs for cells, including in the brain. The higher the 

oxygen supply to the brain, the better a person's 

cognitive abilities.30 According to Jansen, the things 

involved in increasing thinking power related to 

physical fitness are increased circulation of neurons 

which has an impact on increasing the supply of 

oxygen and nutrients to the brain, stimulation of the 

neurotransmitter that triggers BDNF activation which 
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allows nerve cells to communicate with each other, 

triggers neurogenesis in the brain, and increases 

visual acuity.30 

 Low levels of fitness are associated with 

obesity and fatigue and therefore hypokinetic. This 

reduces productivity. ITB (Bandung Technology 

Institute) enforces sports as a compulsory subject 

during the Joint Preparation Stage to avoid low 

student physical fitness which has an impact on 

academic achievement.13 

 Abernethy's research proves that IQ tests, 

memory skills, reasoning power, intelligence in 

mathematics are better in groups of people who have 

regular sports activities compared to groups who do 

not have regular activities.31 

 Research by Yulianti et al was conducted on 

elementary school students. The children's physical 

fitness was assessed by the bleep test. The results of 

the analysis showed that children with unfit 

conditions had a 5.6 times risk of lower achievement 

scores than those who were fit.32 

 A similar study was conducted by Hidayat et al 

on 40 junior high school students to determine the 

relationship between physical fitness and learning 

achievement. All research subjects took the 

multistage fitness test, then their learning 

achievement was seen from the students' examination 

report card scores. The results showed that physical 

fitness and achievement are directly proportional and 

have a significant relation. Increasing physical fitness 

is followed by improvement in student academic 

achievement.18 

 Research by Sunadi et al. conducted on 616 

students in 1st and 2nd-semester who took the Sports 

Course with a fitness test using a physical readliness 

test (PRT) in the form of running 2.4 km (cooperative 

test). The results showed a positive correlation 

between physical fitness and the achievement of the 

cumulative grade point average (GPA). In the male 

subject group, the first semester GPA before and after 

participating in MKOR activities was 3.28 and 3.31 

respectively, while the second semester was 3.11 and 

3.17. In the female subject group, the first semester 

GPA scores before and after participating in MKOR 

were 3.31 and 3.33, in the second semester 3.05 and 

3.11. There has consistently been an increase in the 

achievement of student and female GPA after 

regularly participating in sports activities. This is 

because every sports movement plays a role in the 

balance of physics, chemical, and emotional that 

supports the creation of an appropriate learning 

atmosphere.13 

 Many factors influence students’ achievement. 

Internal factors such as nutritional status, physical 

condition, motivation, and genetics. Exercise itself is 

one of the things that affect the physical condition. 

External factors such as the social and economic 

conditions of the family, facilities, and teaching 

methods. Problem-based learning aims to combine 

cognitive and metacognitive abilities.33 

 The results of the research by Prasetyoningsih 

which was conducted to determine the results of the 

application of problem-based learning, the results 

showed that this method increased teacher and 

student activity by 12.92% and 7.78%, respectively. 

Besides, this study also shows an increase in 

problem-solving abilities and student responses in 

teaching-learning activities, respectively 15.63% and 

16.25%.34,35 This shows that in the learning process, 

students are not only recipients but also expected to 

actively express their thoughts. and able to apply 

knowledge to solve problems. So, students will be 

stimulated to think critically. 

 

CONCLUSION 

 Physical activity, especially regular exercise, is 

a way to increase VO2 max. Repetitive and 

systematic movements stimulate organ function to 

work optimally, characterized by increased physical 

fitness and denser capillary filling to meet the needs 

of oxygen and nutrients for cells, including brain cells 

that make the cognitive abilities will be better. 

Physical fitness is directly proportional to 

achievement, increasing physical fitness significantly 

results in improved student academic achievement. 
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