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[bookmark: _Toc513205762]Introduction
The intended purpose of this report is to look at a bar-room wage as to what will travel further. A rugby ball filled with air or a rugby ball filled with helium. We will be looking at the statistical data gathered from the experiment with a view to settling the wager. As each of the balls was kicked 40 times by each player and the balls were alternated with each kick the experimental data should be consistent. For analysing the data first, we need to look at developing a hypothesis as to which ball is going to travel further. Applying the T-test, a statistical means of comparing two populations. Looking for any outliers within the data and whether they have any affect on the outcome. Finally considering any factors that may have affected the experimental setup but were not considered and ideas as to how if possible to mitigate these factors. 
[bookmark: _Toc513205763]Section 1 - Hypothesis
Establishing a hypothesis for the dataset requires knowing the question looking to be answered from it in this case we want to know whether the rugby ball filled with helium or air travelled further. 
In this case the null hypothesis would be that neither ball travelled further. This could be represented in equation form as below. 

In this case our alternative hypothesis can be one of two things. Either that the air-filled rugby ball travelled further than the helium filled ball or that the helium filled ball was the one that travelled further. They can be represented as below in mathematical format.  
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To test the hypotheses made above we need to look at running the samples through the T-Test as both the air-filled ball and helium filled ball were kicked the same number of times the equation for the T test can be simplified to.

The quickest way to calculate ethe value of T obtained is to use excels built in data analysis toolkit. To achieve this the below table was entered in to excel and modified slightly for formatting purposes. The built-in tool was then used to calculate the value of T obtained for the data set and compared against various t critical values to check against the above stated hypotheses. 

	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 T-Test was done with an alpha value of p=0.10 and the results obtained would support the null hypothesis that statistically there is no difference between the helium filled balled or the air-filled ball with relation to which ball will travel further. The output of this first test from excel is shown below. 


	t-Test: Two-Sample Assuming Equal Variances p=0.10
	 

	 
	
	 

	 
	Variable 1
	Variable 2

	Mean
	25.975
	26.45

	Variance
	21.51217949
	37.79230769

	Observations
	40
	40

	Pooled Variance
	29.65224359
	 

	Hypothesized Mean Difference
	0
	 

	df
	78
	 

	t Stat
	-0.390103483
	 

	P(T<=t) one-tail
	0.348761647
	 

	t Critical one-tail
	1.292499597
	 

	P(T<=t) two-tail
	0.697523293
	 

	t Critical two-tail
	1.664624645
	 



Our second T-Test uses an alpha value of p=0.02 and again the obtained results support our null hypothesis that neither ball travels further and they both travel an equal distance. This is again shown in the table below.
	t-Test: Two-Sample Assuming Equal Variances p=0.02
	 

	 
	 
	 

	 
	Variable 1
	Variable 2

	Mean
	25.975
	26.45

	Variance
	21.51217949
	37.79230769

	Observations
	40
	40

	Pooled Variance
	29.65224359
	 

	Hypothesized Mean Difference
	0
	 

	df
	78
	 

	t Stat
	-0.390103483
	 

	P(T<=t) one-tail
	0.348761647
	 

	t Critical one-tail
	2.088663468
	 

	P(T<=t) two-tail
	0.697523293
	 

	t Critical two-tail
	2.375110958
	 



Our final test will be done with the alpha value for T-Critical set to p=0.01 and as shown in the table below fully supports the null hypothesis that there is no difference between filling a rugby ball with helium or air and that the distance travelled will be the same. 



	t-Test: Two-Sample Assuming Equal Variances p=0.01
	 

	 
	 
	 

	 
	Variable 1
	Variable 2

	Mean
	25.975
	26.45

	Variance
	21.51217949
	37.79230769

	Observations
	40
	40

	Pooled Variance
	29.65224359
	 

	Hypothesized Mean Difference
	0
	 

	df
	78
	 

	t Stat
	-0.390103483
	 

	P(T<=t) one-tail
	0.348761647
	 

	t Critical one-tail
	2.375110958
	 

	P(T<=t) two-tail
	0.697523293
	 

	t Critical two-tail
	2.640340015
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One of the things that must be considered when looking at this data set is the presence of any outliers within the statistical data. Using excel the following tables were created to give us our upper and lower range within the data set and enabling us to look for outliers. 
	Air 
	 

	Quartile 1
	23.75

	Quartile 3
	28.25

	Interquartile Range
	4.5

	 
	 

	Upper Bound
	35

	Lower Bound
	17






	Helium
	 

	Quartile 1
	24.75

	Quartile 3
	30

	Interquartile Range
	5.25

	 
	 

	Upper Bound
	37.875

	Lower Bound
	16.875



First analysis was done on the rugby balls that were kicked with air to check for any outliers. The following outliers displayed in the below table were found.
	Air
	Outlier

	15
	TRUE

	16
	TRUE



Our analysis on the rugby balls filled with helium found the below outliers.
 
	Helium
	Outlier

	11
	TRUE

	12
	TRUE

	14
	TRUE

	14
	TRUE

	16
	TRUE

	39
	TRUE



To see whether the outliers have influenced the data set they have been removed and each T-Test run again to see whether a different result is obtained. 
The first T-Test with outliers removed was run at P=0.10 as you can see the T-obtained is still lower than the T-critical value. However this much closer but still supports the null hypothesis as the previous test did. 








	t-Test: Two-Sample Assuming Equal Variances p=0.10
	 

	 
	 
	 

	 
	Variable 1
	Variable 2

	Mean
	26.52631579
	27.65714286

	Variance
	16.41820768
	14.93781513

	Observations
	38
	35

	Pooled Variance
	15.7092873
	 

	Hypothesized Mean Difference
	0
	 

	df
	71
	 

	t Stat
	-1.217817876
	 

	P(T<=t) one-tail
	0.113662489
	 

	t Critical one-tail
	1.293589269
	 

	P(T<=t) two-tail
	0.227324977
	 

	t Critical two-tail
	1.666599658
	 



Again, a T-Test was run at a T-critical value of P=0.02 as you can see from the below table the T-obtained value is still less than the T-critical value, so this would still support the null hypothesis that neither ball travelled further and that they are both statistically similar. 
	t-Test: Two-Sample Assuming Equal Variances p=0.02
	 

	 
	
	 

	 
	Variable 1
	Variable 2

	Mean
	26.52631579
	27.65714286

	Variance
	16.41820768
	14.93781513

	Observations
	38
	35

	Pooled Variance
	15.7092873
	 

	Hypothesized Mean Difference
	0
	 

	df
	71
	 

	t Stat
	-1.217817876
	 

	P(T<=t) one-tail
	0.113662489
	 

	t Critical one-tail
	2.092168081
	 

	P(T<=t) two-tail
	0.227324977
	 

	t Critical two-tail
	2.380023686
	 






Finally, the T-Test was repeated at a T-critical value of 0.01 and as shown below the null hypothesis is still supported and neither the rugby filled ball, nor the helium filled ball travelled further than the other. 

	t-Test: Two-Sample Assuming Equal Variances
	 

	 
	 
	 

	 
	Variable 1
	Variable 2

	Mean
	26.52631579
	27.65714286

	Variance
	16.41820768
	14.93781513

	Observations
	38
	35

	Pooled Variance
	15.7092873
	 

	Hypothesized Mean Difference
	0
	 

	df
	71
	 

	t Stat
	-1.217817876
	 

	P(T<=t) one-tail
	0.113662489
	 

	t Critical one-tail
	2.380023686
	 

	P(T<=t) two-tail
	0.227324977
	 

	t Critical two-tail
	2.646863444
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Factors to consider when setting up the experiment that may have affected the outcome could be considered as below. 
Although the experimental setup claims the balls were kicked on a windless day, even windless days can have slight breezes that could affect distance results. It may be worth considering to setup the experiment indoor in a room where conditions can be much better controlled, and it can be guaranteed that wind has not affected the experiment. 
Also having the same player kick the ball each time and alternate with each kick could have affected the experiment. Performing 80 kicks within a space of time the rugby player could have been suffering from fatigue at any time during this. Perhaps monitoring the player for symptoms and taking breaks to ensure peak performance could have meant the experiment turned out differently. 
Perhaps having more players kick each ball 40 times could have given a wider data set which perhaps may have also given a different answer. 
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[bookmark: _GoBack]Conclusion
With the experimental data provided the bet can be considered settled. The null hypothesis has been proven that neither ball travelled further than the other. Even removing the outliers from the data set the same conclusion can be supported. However as shown within the report the experiment could have been setup slightly differently and there may have been an entirely different outcome. 
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