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[bookmark: _Toc514333076]Introduction
I was asked to settle a bar-room wager about if a rugby ball filled with helium would travel further than a ball filled with air. An experiment to investigate this was carried out by a rugby club, two identical rugby balls one filled with air and the other helium were used outdoors on a windless day. Each ball was kicked 40 times by the same player alternating balls with each kick. The distance in meters each travelled was recorded in a table which was given to me to analyse. In order to settle this wager I am going to analyse the data, develop an appropriate hypothesis, test this hypothesis, state any outliers and how these may have affected the outcome, I will then state any other factors that may have affected the results and how I may have controlled these if I was to re-test. I will finally conclude my findings and settle the wager. There are three significant levels of interest which I will have to test my results against, these are p=0.1, p=0.02 and p=0.01. This is read easier by them representing 10%, 2% and 1%, if my null Hypothesis can show 0.01 in a t-test then there will be a 99% chance that I can say my null hypothesis is incorrect, this will then prove my alternative hypothesis. I am going to set my alpha P value at 0.05 this means I will be happy to reject my null hypothesis when there is a 95% chance it is incorrect, anything less will not allow me to reject my null hypothesis.	Comment by Sarah: 99% probability that this hasn’t happened by chance
[bookmark: _Toc514333077]Initial Findings
To start I decided to look at the initial data analysis of both data sets and compare these:
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From looking at the average of both sets of data I can see that the helium filled ball has a higher average than the air: 26.45 compared to 25.98. Due to this my null hypothesis is going to be that there will be no difference between the air and helium balls overall, Ha-Hh=0. My alternative hypothesis is going to be that the helium ball will go further, this is based on the averages. From initial analysis it looks as if the helium filled rugby ball has a greater distance, however it is important to look into more detail.
Looking at the results in a line graph you can see that the higher spikes are definitely caused by the helium filled balls, this would suggest that the helium filled ball does in fact go further. However by looking at the helium line you can also see that the kicks are very inconstant with some kicks not going far at all and others exceeding the average, this is also shown within the range, the helium filled ball has a range of 28 whereas the air filled has a smaller range of 20. Standard deviation of the helium filled ball is also higher 6.148 compared to 4.638. This could have been caused by loss of concentration, fatigue or just simply poor kicks. There are also some kicks within the air filled ball results which also could have been caused by similar instances.	Comment by Sarah: Include labels on axes and label this figure, figure 1


[bookmark: _Toc514333078]Testing and calculations
After looking at my analysis I have seen that I cannot disprove my null hypothesis, I used all 40 kicks from both data pairs and conducted a T-Test:
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From looking at the one tail test I can see that the initial value is just 0.348 which results in an under 35% probability that my null hypothesis can be proved. However this leaves just a 65% probability that I can disprove the null hypothesis, this is not enough for me to place a bet on the helium filled ball going further than the air filled ball. Due to having run the test with the highest value of p=0.1 and it failing to satisfy the probability level I would look for it would easily have failed the significance levels of both p=0.02 and p=0.01 values. 	Comment by Sarah: This is the likely hood of  what you are observing is down to chance	Comment by Sarah: You reject the null hypothesis, or fail to reject it, you don’t prove it.  It is too hard to prove anything so you must prove it in all cases, however to disprove something all you need to find is one situation that contradicts it and you have disproved it.
[bookmark: _Toc514333079]Repeat T-Testing without Outliers


In order to try and improve my T-Testing and disapprove my null hypothesis I decided to delete the outliers from my data. These outliers were any kicks I considered to be falling short, from looking at my line graph I decided these would be any kicks which were less than 16 meters. Due to the possibility that these kicks were down to other factors (fatigue, lack of concentration or not kicked properly) I decided to remove these from my next T-Test. When I removed a kick that was under 16 meters I also removed the corresponding kick from the other data set, this ensured that the datasets had an equal amount of data to compare.
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After removing any outliers the one tail test result came back at 0.065, this is 6.5% which means that I have a 93.5% probability of disproving the null hypothesis. This does pass the significance level of 0.1 and allows me to start to disprove the null hypothesis. If this was just a bet on the distance a rugby ball would travel I would be tempted to bet money on the helium filled ball, if however it was a medication which you took and there was a 6.5% you could have side effects I would not be willing to take the risk. As close as this result is I would still rather a 95% probability in order for me to bet a large amount of money. This has yet to be done so I am unwilling to disprove my null hypothesis. 	Comment by Sarah: Explain why a one tail test.
There are two types of errors within hypothesis testing these are a Type I error and a Type II error. A Type I error occurs when we reject the null hypothesis when we shouldn’t have. This means that we believe that we have found the alternative hypothesis to have had a genuine effect when there isn’t one there. The other error is a Type II error, this occurs when we fail to reject the null. This is when we believe that the alternative hypothesis doesn’t have an effect when in fact it does. If I was to reject my null hypothesis with a 6.5%/p=0.065 of rejection I believe I would be committing a type I error as I would be rejecting my null hypothesis even when the statistics are not significant enough.(1)	Comment by Sarah: Good comment
I set my alpha value at p=0.05 and having removed all outliers I get a result of a one-tail test of p=0.065, therefore I cannot reject my null hypothesis to the satisfaction I need.
[bookmark: _Toc514333080]Evaluation
When looking at this experiment there would be a few aspects I would alter in order to make it a more reliable sample. 
I don’t think that the sample size was big enough to compare and make a decision, therefore I would increase the amount of kicks taken to increase the sample size. From looking at the data it did seem that the helium filled ball did go further however there wasn’t enough decisive data in order to make that decision. I also would like to know if the kicks were taken in one session one after another, this could cause the kicker to get tired which would affect the results, to prevent this sessions of 20 kicks at a time could be conducted or even a mechanical robot could take the kicks ensuring pressure as the same throughout.
There is also the question of if the kicker knew when they were kicking each ball. If they knew which ball they were kicking out of the air and helium there is a possibility that they could have consciously or subconsciously kicked a certain ball harder, this could be especially effected if they had in their mind which ball they thought would go a further distance. If they didn’t know which ball out of the two they were kicking this would have not affected the outcome of the results.
Where the experiment states that the test was conducted outdoors on a “windless” day, how could they be sure that there was absolutely no wind which could alter the distance in which the ball could travel? This could have had an effect on some of the results which could in turn change the outcome.
I would also question the identically of both the rugby balls, even if they are the same brand of rugby ball they may not be specifically made the same. Also they may not have been purchased at the same time meaning one has been used more than the other, on which specifications have they identified he balls as identical?
Although some of these evaluations may not have made a large impact on the results, it is possible that small inconsistences within the experiment may have altered the outcome. 	Comment by Sarah: Some valid considerations here.
[bookmark: _Toc514333081]Conclusion
After looking at all the analysis I have performed and the results I have received from this, while the data does push me towards the helium ball going further, I cannot disprove my null hypothesis that there is no difference between the air and helium balls to my satisfaction. This is down to the p=0.05 not being met, this prevents me from arguing my alternative hypothesis that the helium ball would go further based on the averages from my initial findings. Although some of the results provided me with significant figures I would not be willing to put a significant bet on either of the options. 
If I was to conduct the test again I would request a larger sample size, a mechanical robot conducting the kicks and the kicking to be performed under controlled conditions. This would ensure that every kick would be performed under the same conditions and there would be no room for human error. I think that if these conditions were controlled I could have given a more definitive answer and would have put a larger bet on the helium ball going further.
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