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Abstract
In this experiment I measured my subject’s VO2 max and compared them by looking at the difference in the results. The test involved doing a cardio exercise (Bike) for 6 minutes and changing the speed and resistance due to their heart rate This test allowed me to analyse these subjects and work out thing such as the health and fitness of each subject. This also gave me an insight on what other variables may be contributing to these results such as diet, lifestyle etc. The results have been plotted down on an excel sheet with the subjects numbered anonymously. The results showed a common theme that as the test went on the heart rate gradually increased. The people who had lower resting heart rates did not find the test as challenging as their heart rates were going up quite slowly compared to other who went up rapidly after short amount of time. This shows me that the people with lower heart rates are used to physical activity and have a better VO2 max.















[bookmark: _GoBack]Introduction
The cardiovascular system consists of the heart and blood vessels that transport the blood around our system. Its main functions are to transport oxygen, nutrients, hormones and cellular waste around our body. The cardiovascular system is reliant on the heart as that is what pumps the blood throughout our body every minute. (Barclay, 2019)  For my cardiovascular measure, I decided to carry out an astrand test on my subjects to test their VO2 max. the strand test, also known as the Astrand-Rhyming Cycle Ergometer Test, is an aerobic fitness test that compares our heart rate during physical activity and the percentage of maximal aerobic capacity. (Wood, 2008)  VO2 (Volume, Oxygen) max is the value that shows us the maximum amount of oxygen that an individual can intake per unit of time. (Kassel, 2019)
In my question it asks me why there are differences in the subjects when carrying out this test to find out vo2 max.  a big talking point for this test is the difference between VO2 max in male and females. In previous studies they have done very similar tests comparing the two genders and how they can be different. In this report they say that the average VO2 max value for female is only 70 – 75% of the male values after puberty. This is believed to be the result due to many factors such as body size, cardiac size, and blood volumes. Al of these factors are smaller in women and is why they believe that the VO2 max values come out lower than males. (Sharma, 2016) Weight is also a common debate, where theories believe that a heavier person can intake more oxygen at a time compared to a much lighter person. However, this obviously isn’t the case as the heavier person may not have trained in his life and the lighter person may be a well-trained athlete. The most common people who have high VO2 max are the leaner athletes such as runners and cyclists as they do not have as much muscle to provide them with oxygen, which means they can do it more effectively and not have to use lot of oxygen to keep them muscles going. The best measure of VO2 max is to divide their lean soft tissue mass rather than full body weight as those soft tissues are the ones receiving the oxygen. When comparing just the body weight results can be quite in accurate as some heavy people may have a very low-fat percentage but are not being fairly tested on this matter. (Hutchinson, 2014)
The purpose of this study was to find out why there are differences in the subjects VO2 max. This was done by working out certain variable of my subjects in order to find certain aspects on why they may have different values. It allows me to compare to the previous studies I have mentioned as see if the results match each other. Another purpose is to find out how these values can be improved by changing certain areas of an individual. 
Method
Participants
In my experiment I had to pick subjects to take on the astrand test. I chose to do my experiment on my university classmates as I know them and how they all are physically. There were 10 of them doing the test with a range of ages. It ranged from ages of 18 – 48 which meant I could compare how age could be a factor during this test. Within the 10 subjects there were 4 females and 6 males so I could compare the genders. Most of the subjects in my class weren’t experienced to this particular test, but some of them were quite physically active and were sued to exercise. 
Apparatus 
For this test you will need a partner so they can plot your results using a pen and paper and they will have a stopwatch just to be sure. The main piece of equipment used was the wattbike pro. This equipment was used in the university lab; however, it was bought off the official wattbike website where you can find the specs and dimensions about the wattbike pro. This was a very key piece of equipment as it allowed us to easily set the resistance and work out the speed we were going on the bikes. Now in order for us to work out our heart rate there were two ways of doing it. Some people had their own equipment such as a smartwatch or Fitbit that can track the heart rate during the exercise which made it very useful. If you did not have one of those then you were provided with a halfords heart rate monitor & chest strap. This would allow you to connect the monitor to the wattbike using bluetooth and easily track the heart rate from the screen of the bike. This item can be purchased from the halfords website or a local halfords store. After the test you would need a normative data graph in order to work out your VO2 max due to your results from the test. 
Design
The design of the test was set out so there was a row of 5 bikes which meant that each person would be assigned into a pair so that the person not doing the test could watch the test and plot down the results. The independent variable of this test would be things such as height, weight and age as these things will not change. However, there are many dependant variables such as our heart rate, as this changes due to amount of work done in the exercise. The resistance and speed we pedal at on the watt bike is also a dependant variable as it will be increased or decreased due to how high or low our heart rate is after a certain amount of time. 
Procedure
For this test we would first record the body weight so it could be used in the comparison stage later. Before jumping on the bike, we would set the height of the seat for each individual, so it is comfortable enough for them. The workload should be set before the test starts so for men it would be set to 75 rpm and for women it would be set for 55rpm. The air resistance would be set at one for both genders. They will then cycle for two minutes at this workload while the person plotting down the results will record the heart rate after every minute. After two minutes of cycling if the intensity for women will be increased to 75rpm. if the participants heart rates are lower than 125 bpm the resistance will be increased to 4. If this is a concurrent theme after another two minutes, it will be increased to 7 and then after anther two minutes it will be put to a 10. After the six minutes is over, we will allow them to keep peddling at a slow and steady pace for one minute without any resistance or load to relax the muscle. We then took one final heart rate result after the one-minute rest. The results will then be taken and used to work out their VO2 max. 
Results
In my results there are a range of different results and some common themes in there. In table 1 it shows that the people with a lower resting heart rate take longer for their heart rate to increase, for example subject 1. Subject 1 does not get his heart rate into the 100s until after 3 minutes which is where his heart rate starts to have a dramatic increase. This compared to subject 6 proves this as this person resting heart rate is 113 bpm, and it only takes them 1 minute to get into the high heart rate zone. However, if we look at table 2, it does not show any signs of clear trends in the results. In the results its shows that a lot of the older people are getting better results than the people aged 18 – 19 which must show that age isn’t really a key factor when it comes to this sort of test. For example, 2 of the 18-year olds scored very poor with results of 16.3 and 15.9. now if we look at subject 9, who is 36, it shows that they got a high score of 43.1 and when compared to normative data it shows that it is a good score. Table 3 also has a common trend in that the people who are lighter are getting the better results. For example, the two heaviest people in the group had very poor as their normative value, whereas one of the lightest in the class with 51kg had a good normative value.
Discussion 
Overall the result doesn’t show an exact reason in why there are differences in the VO2 max scores. In some of the result tables there are small trends that allow me to compare and research if these trends are real or just luck. 
If I compare back to my research, there is a common connection about weight and muscle mass that could play a factor in the difference in VO2 max values. In the results from table 3 it shows that the heavier people are the ones getting lower values for their VO2 max. In my research it shows that the more muscle tissue and mass that your body has then the more oxygen it has to supply to them which is not as quick and easy. However, in my study I was not able to get the muscle mass from my subjects which may have hindered my research and gave a limitation to the results. If I were to get these numbers, then it would have made my results a lot easier to compare to this research as I would’ve ben able to tell if our theories were the same. 
For teachers and coaches who do these tests on individuals I would highly recommend making sure you have all the measurements of the individuals as it can allow you to make correct and accurate comparisons within a group and can tell why the scores are what they are. 
Overall, I have found out that there is clearly a common trend to do with weight and muscle mass that have affected these results. Age doesn’t really play a factor in this test; it just depends on how active that certain individual is.
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Tables
Table 1. The first set of results showing the heart rate of each subject after every minute
	Time (minutes)
	Subject 1
	Subject 2
	Subject 3
	Subject 4
	Subject 5
	Subject 6
	Subject 7 
	Subject 8
	Subject 9
	Subject 10

	rest
	92
	70
	64
	90
	97
	113
	100
	86
	109
	74

	1
	99
	110
	118
	113
	115
	120
	114
	90
	132
	103

	2
	91
	110
	123
	123
	128
	128
	125
	95
	136
	110

	3
	99
	128
	131
	134
	160
	120
	129
	102
	145
	114

	4
	103
	132
	133
	146
	157
	115
	134
	108
	150
	116

	5
	123
	134
	137
	147
	161
	130
	135
	121
	153
	132

	6
	169
	138
	156
	148
	170
	145
	135
	132
	156
	139

	1 minute after 
	158
	129
	123
	149
	139
	163
	140
	130
	124
	127



Table 2. Shows the correlation between age and VO2 max results
	Subject
	Age
	End heart rate (6min)
	VO2 Score
	Norm value

	1
	18
	169
	
	16.3
	V/P

	2
	37
	138
	
	27.5
	Poor

	3
	26
	140
	
	26.7
	V/P

	4
	47
	156
	
	30.5
	B/A

	5
	19
	148
	
	39.9
	A/A

	6
	18
	170
	
	15.9
	V/P

	7
	18
	145
	
	28.6
	Poor

	8
	19
	135
	
	28.1
	Poor

	9
	36
	132
	
	43.1
	Good

	10
	18
	139
	
	22.7
	V/P



Table 3. Shows the correlation between weight and VO2 max results.
	Subject
	Weight kg
	End heart rate (6min)
	VO2 Score
	Norm value

	1
	91
	169
	
	16.3
	V/P

	2
	93
	138
	
	27.5
	Poor

	3
	86
	140
	
	26.7
	V/P

	4
	44
	156
	
	30.5
	B/A

	5
	58
	148
	
	39.9
	A/A

	6
	98
	170
	
	15.9
	V/P

	7
	68
	145
	
	28.6
	Poor

	8
	95
	135
	
	28.1
	Poor

	9
	51
	132
	
	43.1
	Good

	10
	110
	139
	
	22.7
	V/P
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