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In this document I will be writing about the effects that helium will have on a rugby ball being kicked in comparison with air. It will include an analysis of the data that was presented along with my findings and whether I think it was a fair test.
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I will be analysing results from a test which was taken for 40 rugby ball kicks. One of the balls was filled with helium whilst the other was filled with air, aside from this the balls are marked as identical. The balls were then kicked alternatively 40 times and the distances were measured in meters. This test was done on a windless day and the dataset has been placed below.
	Kick
	Air
	Helium
	Kick
	Air
	Helium

	1
	25
	25
	21
	31
	31

	2
	23
	16
	22
	27
	34

	3
	18
	25
	23
	22
	39

	4
	16
	14
	24
	29
	32

	5
	35
	23
	25
	28
	14

	6
	15
	29
	26
	29
	28

	7
	26
	25
	27
	22
	30

	8
	24
	26
	28
	31
	27

	9
	24
	22
	29
	25
	33

	10
	28
	26
	30
	20
	11

	11
	25
	12
	31
	27
	26

	12
	19
	28
	32
	26
	32

	13
	27
	28
	33
	28
	30

	14
	25
	31
	34
	32
	29

	15
	34
	22
	35
	28
	30

	16
	26
	29
	36
	25
	29

	17
	20
	23
	37
	31
	29

	18
	22
	26
	38
	28
	30

	19
	33
	35
	39
	28
	26

	20
	29
	24
	40
	28
	29



The first thing I did was import these numbers into Microsoft excel and then create a scatter plot showing all the kicks together. From this scatterplot I can work out that the helium rugby ball had more outliers and the results were a lot more sporadic compared with the results from the air rugby ball. One example of this is kick number 25 in which the air ball was kicked 28 meters compared with the helium only going 14 meters. Whether this is down to a user error or not we do not know. The scatter plot has been placed below.	Comment by Sarah: Label figure, figure 1, what is the scale?


[bookmark: _Toc514445671]Analysis
My null hypothesis would be that there is no difference between the kicks which have been given. One thing to note here is that it is paired sample data and not a population of all kicks which have been done. Therefore, my results can only be accurate for the sample of data that I have been provided. I will be testing the hypothesis against 3 levels of significance which are p=0.10, p=0.01 and p=0.02. I will be doing paired t tests to reach these significance levels in an attempt to disprove the null hypothesis.	Comment by Sarah: What is the actual hypothesis?	Comment by Sarah: But what you are trying to prove is if this sample is representative of the population	Comment by Sarah: Explain what this means.
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The first test I decided to conduct was to put the results into a boxplot diagram to find out the upper and lower quartile ranges, median, mean, and where the outliers were in the set of data. I have placed the boxplot down below.
[image: ]
This boxplot shows several useful figures for each of the balls. The air-filled ball had a medium of 26.5 and a total mean of 25.975. The lower quartile range was 23.25 and the upper quartile is 28.75 and the one thing to note here is that there are no outliers. With the helium ball however, there are 4 noticeable outliers. 3 of these sit outside of the lower quartile range which I would suggest are dud kicks but there is one outlier which is much higher than the rest which is the kick which went 39 meters, this has also been taken out.	Comment by Sarah: Why was the high one taken out?
From this you can see how consistent the air-filled ball really is. Even though it did have some lower results on average, the results are much more compact with the range only being 20 meters and with many of the kicks being only 5.5 meters apart. Compare this to the helium filled ball which has a range of 28 if you consider the outlying kicks. With the outlying kicks taken out of the equation for the helium-filled ball, the results show that on average it was kicked half a meter further than the air-filled ball. Compared with the air-filled ball however the upper and lower quartile are 5.75 meters apart compared with only 5.5 meters for the air-filled ball.
As a conclusion, from these results I can confirm that on average the helium-filled ball was kicked further than the air ball by around half a meter. However, the helium-filled ball is much less consistent looking at the number of outliers and with the upper and lower quartile ranges. 
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I conducted a t-test which included the outliers to see what p value I would get. This would then prove how likely it is for there to be a significant outcome of whether the helium-filled ball would go consistently further.
The first p value I was given was 0.697595974846666. This shows that there is around a 30% chance in which the helium-filled ball will go consistently further so overall, I cannot disprove my null hypothesis to any significant levels.	Comment by Sarah: Explain what this means and why you are using the two tail figure.	Comment by Sarah: Be careful how you word this, what you mean is that 70% time, this can happen by chance
The total values I got are placed below and the value I took as my p value was the two-tailed value.
[image: ]

[bookmark: _Toc514445674]t-Test #2 (Excluding outliers)
For the second of my t-tests I removed 5 results which I could as outliers, the only real places where these sat were in the helium tests. Overall, I removed 5 values which were 11 meters, 12 meters, 14 meters, 14 meters and 16 meters. Because these are paired values I have removed the corresponding air values for that kick. Therefore, in this t-test there are only 35 values to account for.	Comment by Sarah: Don’t you mean 30 if you took their pair. Be careful when working with sample sizes of 30 or below!
The p value in this test once I had removed all the outliers was 0.0692204024821371. This means that I can reject the 0.1 significance level as it had a 94% chance of going further than the air-filled ball. However, it is impossible for me to reject the 0.02 and the 0.01 significance levels due to how the results came out.	Comment by Sarah: You can reject the null hypothesis if working to a 0.1 significance level	Comment by Sarah: The null hypothesis
The total values I got have been placed below and the value I took as my p value was the two-tailed value.
[image: ]
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Overall, I don’t think that this is a fair test due to there being way too many uncontrolled variables. For example, even though it says in the introduction that the 2 balls are identical, what defines an “identical” rugby ball. Are they from the same batch, are they the same ball and were they made in the same factory and used the same amount of times. The only way to test this would be if they would then empty all the air and helium from each ball, kick each ball again and then take the averages for each kick to see if they are identical rugby balls	Comment by Sarah: Then you would need to factor in wear and tear- would the ball react differently after a number of kicks?
	The next uncontrolled variable I would like to talk about is how they have decided if it really is a “windless day” this is because the introduction of wind can throw a ball off course by around half a meter and half a meter is the difference between the 2 mean values which can create a difference between the null hypothesis and the result.
	The biggest uncontrolled variable which is in this test however is the human who is kicking the ball. This is because as soon as you add a human into the process there is always going to be some sort of bias or error, this is because it doesn’t say whether the ball is dropped from the hands of the person or whether it is kicked from the floor and alongside this, a person can misplace a kick which would end up as an outlier like what we saw in the helium tests with some of the values being ridiculously low in comparison to the air-filled balls. The only way to make this factor into a fair test would be to use an air pressurised cannon to consistently launch the rugby ball at the same angle and pitch with the same amount of force each time. Only when this is done can the results be completely fair.	Comment by Sarah: good
	There are some factors which are not mentioned in the brief include whether the ball is measured from the bounce or whether it is the final position of the ball. This is an extremely important piece of information which is required because with a rugby ball it is an oval shape and can bounce in any direction. Alongside this it doesn’t specify if the ball is measured to how far the ball went forward or how far the ball went from the kicker.
[bookmark: _Toc514445676]Overall Conclusion
Overall according to the averages which I had gotten from the data the helium ball seems to go further with a 94% chance if you remove the outliers. This is a consistent statistic but only for this sort of test I would be willing to place a bet on it. If this was for a new test of drug and there was a 94% chance of not getting side effects this is another story and it is not a very good statistic. On the other hand, if you were to keep the outliers in then there is only a 31% chance of the helium-filled ball to go further and if this was a drug which ended up with a 31% chance of not getting side effects then I would never suggest prescribing or take this drug. Also, one final thing to take from this test is that the air-filled ball is more consistent than the helium filled ball and therefore I would more likely place my money on the air-filled ball if the outlying kicks were kept in.	Comment by Sarah: this is not down to chance.
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t-Test: Two-Sample Assuming Unequal Variances
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t-Test: Two-Sample Assuming Unequal Variances

Variable 1___Variable 2
Mean 25.975 26.45
variance 2151217349 37.79230769
Observations 0 0
Hypothesized Mean Difference 0
df 7
tstat -0.390103483
P(T<=t) one-tail 0.348797987
tCritical one-tail 1665996224
P(T<=t) two-tail 0.697595975
t Critical two-tail 1.992997126
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