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In order to settle a wager, two identical rugby balls, one filled with air and one filled with helium have been kicked 40 times each to see which, if any travels further. This will hopefully determine which, if any will travel further.
[bookmark: _Toc514413373]Initial analysis:
Having gathered the results of the two balls for all 40 kicks, I have proposed a suitable hypothesis; the helium-filled ball will travel further. I have chosen this hypothesis as helium as a gas is less dense and so is lighter than air. The null hypothesis (H0) would be that there is no significant difference between the two sets of data. The alternative hypothesis (H1) would be that in fact, the air-filled ball would travel further. 	Comment by Sarah: You may also take an account some basic statistical analysis here, to see if there appears to some relationship to help you form your hypothesis.

This scatter graph shows the results of all the kicks from both helium and air-filled balls.	Comment by Sarah: Chart should clearly labelled for what the axes represent and is measured in. Slight variance of scales give a skewed perspective to what is actually happening!
As is clear from the data above, there are some outliers in the data; these outliers would affect the overall outcome. I have chosen a scatter graph as I believe it to be the most effective way to present the data from both the air-filled and helium-filled balls.
In order to decide on whether or not to reject or agree with the original hypothesis, I have conducted suitable analysis on the data given. I have used t-tests to calculate the mean distance of each ball and also the probability of each ball going further than the other. T-tests are useful for finding probability of a small sample when the total value is not known or cannot be measure. In this case, the total value of the amount of kicks is subjective to the people conducting the experiment. Therefore, a t-test would be useful to calculate the probability. This was made clear from an article I read at http://mathforum.org/library/drmath/view/65472.html . This site explains t-tests, their usefulness and also when to use them. I referenced this in my work.	Comment by Sarah: Why?


[bookmark: _Toc514413374]Dataset description:
	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



These are the results recorded from the experiment in tabular form rather than a chart.
As previously mentioned, there are a few outliers from the results of the kicks that would affect the overall result. I have identified the outliers to be kick 2, 4, 5,6,11,15,23,25 & 30. I believed these to be outliers as they were not consistent with the other kicks. However, the kicks were not very precise and so made it more difficult to identify outliers. I chose the aforementioned outliers as they were clearly identifiable such as kick number 30; the air-filled ball travelled 20 metres whereas the helium-filled ball only travelled 11 metres. Also, kick number 23 had a large difference in the two kicks; the air-filled ball travelled 22 metres but the helium-filled ball travelled 39 metres. These inconsistencies would affect the overall results.	Comment by Sarah: So were your outliers selected on difference? It is not clear what the criteria was for selection here!
I conducted two t-tests assuming equal variances using the data analysis add-in on Microsoft Excel. The results showed that the overall mean distance for the air-filled ball was 25.975 metres whereas the helium-filled ball had an overall mean distance of 26.45 metres. This would suggest that the helium ball would travel further but is not very reliable due to the outliers and also many uncontrollable variables.
[bookmark: _GoBack]Furthermore, the two-tailed p value was p=0.697523293 which is 0.7 to 1 decimal place. This would mean that there is a 70%chance the two sets of values come from the same group and that there is a 70% chance that in actual fact, the overall distance between the two balls is the same. Such a high probability means that I cannot totally accept or reject any hypothesis at this point. In order to try and achieve a more accurate result; I have conducted a second t-test. This time removing the outlying values identified earlier; kick 2, 4, 5,6,11,15,23,25 & 30.	Comment by Sarah: You can only reject or not reject the null hypothesis
Having removed the outliers, the mean distance for the air-filled ball was 26.48387097 metres and the mean for the helium-filled ball was 28.32258065. The t-test also gave the two-tailed p value of       p= 0.038541811 which equates to about 4% chance that the two balls would travel the same distance. This value is significantly lower than the initial t-test, as the outlying values have been removed. 4% probability is a significant probability that the two balls do not travel the same distance.	Comment by Sarah: That these results were down to chance, which  is highly unlikely.

Above is a scatter graph once all outlying values had been removed. The values here are much more concise and give different results previous to the removal of the outliers.	Comment by Sarah: Chart axes need labelling, same issues with scale as to previous chart.	Comment by Sarah: More discussion here to justify this statement.


[bookmark: _Toc514413375]Limitations & uncontrollable variables:
In the experiment conducted, there are a number of limitations and uncontrollable variables that are faced. For example, it is difficult to determine that the two rugby balls used are identical; the place and method of making the ball would need to be exactly the same as well as when the ball was made. The experiment may not be entirely fair as they cannot guarantee the helium-filled ball is 100% filled with helium. The ball may not have been fully empty before they started filling the ball with helium. Furthermore, the experiment states it was conducted on a windless day, yet this is also very hard to guarantee as there may have been light winds. To overcome and avoid the effect of winds, it is recommended that the experiment take place indoors where wind cannot alter the trajectory of the ball.
The experiment does not clarify is the distance is measure as soon as the ball hits the ground or whether it includes the ball bouncing and is measured when the ball stops moving. This needs to be clarified as if it does include the ball bouncing it can affect the results. Due to its shape, a rugby ball can bounce very unpredictably so this could result in very inconsistent results. 
Yet another uncontrollable variable would be the kicker; the person kicking the ball may suffer fatigue the longer the experiment goes on and may have inconsistencies when kicking the ball. To try and keep the kicks more consistent, the ball could be fired from a canon or catapult type device, programmed to fire the balls at exactly the same speed and trajectory. This would then rule out human error when kicking the ball. 	Comment by Sarah: Some valid observations here.


[bookmark: _Toc514413376]Conclusion:
Referring back to my original hypothesis, the results confirm that the helium-filled ball in general travelled further than the air-filled ball. The mean distance for the helium was 28.32 metres compared to 26.48 metres with the air-filled ball. Once the outliers were removed from the dataset, the probability of the balls travelling the same distance was p=0.04. This is a significant value and could be seen as enough to confirm the helium-filled ball would travel further. However, I will reject this hypothesis and also reject the alternative hypothesis as there were far too many inconsistencies, variables and limitations in the experiment and would require further investigation in a more controlled environment. If the t-test gave a value of p=0.01 then I may have accepted the original hypothesis.	Comment by Sarah: You need a one tail if you are hypothesising that one mean is greater than another
The experiment only conducted 40 kicks per ball; this is a relatively small sample and so any significant findings may be down to the fact that only a small amount of kicks were recorded. The original probability equalled p=0.7 and this would conclude that there is no significant difference in distance of the two balls, although this did include what I believed to be outliers in the results. 
Finally, I would choose to reject the null hypothesis that the distance of the two balls would be the same. This is because I think there is enough evidence to suggest that there is a difference in distance between the two types of balls but no enough evidence to give a definitive conclusion. 	Comment by Sarah: If there is not enough evidence you can’t reject the null hypothesis, and as such you are unable to form a conclusion.
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