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[bookmark: _Toc514399071]1. Introduction
In this report I will be settling a bar-room wager on whether a rugby ball filled with helium would travel further than a ball filled with air. To do this I will need to assess the data by looking at the mean, average, range and standard deviation, from this I will be able to describe my initial thought process.  Once I’ve gathered my initial thoughts, I will be ready to decide on the alternative hypothesis and the null hypothesis. I will then be ready to carry out a t-test to hopefully reject the null hypothesis. 	Comment by Sarah: You could explain why you are using the t test.
[bookmark: _Toc514399072]2. Initial Thoughts 
The first thing I did was make use of Descriptive Analysis, using the Data Analysis tool in Excel. From looking at the results I can identify that Helium has a higher mean, median, mode, range and standard deviation. 
[image: ]
From looking at the mean I can see that helium has a greater average. I have then calculated the means of the helium and air, which gives the answer 26.2125. 
The graph below shows that there are more of the helium-filled balls go above the average of distance of 26.2125 meters then there are for the air-filled balls. If all the bars met at the black line marked at the centre of the graph then there would be no difference, however we can see that there is some difference. I can also see from the graph below that the helium-filled balls are more consistent towards the end of the kicks.  
[image: ]
The variance doesn’t need to be considered as it does not affect the data because the sample size is not below 30, however if the sample size was below 30 then the variance would be taken into consideration. 
I have created a box and whisker plot which can be seen below, from the graph I can see that the kicks for the helium-filled balls have a longer range within the consistency of the kicks, whereas the consistency of the air-filled balls are more compact. The helium-balls also have a lot larger range. 

Below are two scatter graphs displaying the consistency of each kick for the air and helium-filled balls. From the graphs I can see that there are a lot more bad kicks for the helium-filled balls, however the last 10 kicks are more consistent then the air-filled balls. The air-filled balls are overall more consistent, but they do not show the same consistency towards the end of the kicks. 


I have calculated the differences between the helium and air-filled balls for each kick. I have then calculated the mean of all the differences, this gave me the answer 0.475, if there was no difference between the averages then the answer would be 0. From this I can see that there is around half a meter difference between the helium and air ball, with the helium ball being travelling further. 	Comment by Sarah: Very good data analysis with visualisations being used to support your discussion.
[bookmark: _GoBack]Overall, I can see that there is some difference within the data, with the helium ball on average going half a meter further than the air-filled balls, because of this I believe that the helium ball will in fact travel further. However, there is a very small difference and is not doesn’t provide enough information to place a bet on which ball travels further, due to this I will need to undergo a t-test to identify the chances of there being a difference.  
[bookmark: _Toc514399073]3. Alternative Hypothesis
I have been able to gather my alternative hypothesis (H1) from my initial thoughts. As mentioned, I believe that the helium ball will in fact travel further. The formula for this hypothesis is: MH > MA, this means that the mean of helium is greater than the mean of the air. This makes it a one tailed test, as Idre [1] explains, a one tailed test is when a test is done for only one possibility, completely disregarding the other possibility. 
[bookmark: _Toc514399074]4. Null Hypothesis 
The null hypothesis (H0) identified in the initial thoughts is that there is no difference between the data. The formula for this hypothesis is: MH = MA, this means the mean of the helium is the same to the mean of the air. 
[bookmark: _Toc514399075]5. Tests 
As mentioned in the assignment briefing, the testing of the hypothesis is done to the significance levels of 0.10, 0.02 and 0.01. These significance levels are also known as the P values, with; 0.10 representing 90%, 0.02 representing 95% and 0.01 representing 99%. 
As mentioned above, I will be looking at the one tailed test, from this test I will be able to identify whether the results of the one-tailed t-Test is greater or lower than the P values specified. 
To complete a t-Test an alpha value has to be specified, the alpha value I will first be testing against is 0.01.	Comment by Sarah: Do you mean 0.1 here?
[image: ]
The above image shows the results of the paired t-Test. The results of the one-tailed test is: 0.33004, this does not go above the any of the P values specified and therefore does not show enough significant difference for me to reject my null hypothesis. There is also no need in testing the data against a lower alpha value. 
After further thought, I have decided to inspect and remove the outliers to see if it makes a difference to the t-test. On the balance of odds, I will not remove more than 10 samples as this will make the data below 30. As each kick for the helium and air-filled balls are corresponding this will mean I’ll have to remove both balls for each kick. 
At first, I thought about removing the bottom and top 5% of the kicks (2 kicks from either side), but after further though I decided that there’s no need to remove any of the top kicks because they are kicks that have been executed correctly. The bottom kicks however are kicks that have been incorrectly executed which resulted in a bad kick, this makes the kicks that haven’t gone as far as the others kicks the outliers. 	Comment by Sarah: Good.
To remove the outliers, I have sorted the values of the helium-filled ball to smallest to largest to identify the bad kicks, this is because the helium-filled balls are less consistent to start with but more consistent near the end and have a lot larger range. From the data I can see that the helium-filled balls become consistent after 16 meters. This means I will remove all kicks below 16 meters, these are kicks; 30, 11, 4, 25 and 2, kick number 6 is also an outlier because the air-filled ball has only travelled as far as 15. This means I have removed a total of 6 kicks which is equal to 15% of the data.  
Before removing the outliers and carrying out another t-Test, I have analysed the data with and without the outliers to decide whether it’s worth removing these outliers. 
I have created two scatter graphs below displaying the kicks with and without the outliers. From the graphs I can see the difference the outliers make on the data, the trendline for the graph shows whether there’s a difference or not, and if there is a difference then which one goes further. If there is no difference then the trendline would show that y = 1, if the air-filled balls are likely to go further then y will be greater than the gradient value of 1, and if the helium-filled balls are likely to go further then y will be less than 1. 
The below graph contains the outliers, y is equal to 0.3104. However, this is only a small value off from 1 and is not a enough significance difference. 	Comment by Sarah: I disagree, when discussing gradient this is quite a significant difference!
[image: ]
The graph below then shows the data once the outliers have been removed. From the graph I can see how the data is affected and the equation for the trendline shows that the gradient value is significantly smaller, being 0.0795. This shows that there is more of a chance that the helium-filled ball will now go further and suggests that there’s more of an obvious difference between the data.	Comment by Sarah: This has moved further away from y=x, so I agree that this has made a difference to the data.
[image: ]

Now that I have analysed the outliers I can see that it is worth removing the outliers and carrying out another t-Test to see if I can reject the null hypothesis. The results of the t-Test show: 
[image: ]
As we can see the results of the t-Test allows us to reject the null hypothesis on the p value of 0.1 but not on 0.02 and 0.01, this means that there is 90% chance that the helium-filled balls will go further with the outliers removed, the results show that is close to 0.05 which is equal to 95% chance, however there is still between a 5-10% chance of this being incorrect. 	Comment by Sarah: Observed just down to chance.
[bookmark: _Toc514399076]6. Conclusion
To conclude this assignment, I was unable to reject the null hypothesis on any of the p values for the results of the first t-Test I carried out. After further thought I decided to remove the outliers and carry out another t-Test, this time I was able to reject the null hypothesis on the p value 0.1. In fact, the t-Test was closer to p value 0.05, meaning there is between 90-95% chance of the helium-filled ball being kicked further than the air-filled ball. 
After carrying out the analysis, I would place a bet that the helium-filled ball does go further than the air-filled ball, if this was a wager between life and death however, I would not be confident placing a bet with there being a 5-10% chance that I’m incorrect. 
There are many factors that may have affected the results of the data that have yet to be considered, the first factor to consider is how the helium and air has been evenly distributed and tested between the two balls and if it’s filled to the same amount of pressure or gas. Another factor is whether the balls are identical (same batch) and have the same shape. 
Another serious factor to consider is that it’s impossible for the balls to be hit in the same spot every time, to overcome this a machine could be used to mechanically kick as this will guarantee consistency. 

The person kicking the ball could also be tiring after several kicks, they could also be getting into the flow of the kicks at the start.  To overcome this more kicks could be implemented, and the results could be recorded after 5 kick, as well as stopping the recordings of the kicks 5 kicks before actually stopping. As mentioned, making use of a machine will ensure that there are no bad kicks. 
The final factor to consider is whether the ball is measured on its first bounce or where it stops moving. This needs to be considered because it’s possible that the ball can bounce backwards or forwards, decreasing or increasing the length it’s travelled, depending on how its measured. 	Comment by Sarah: Some relevant  concerns raised here.
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