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To decide a pub wager over whether an Air filled or Helium filled rugby ball would go further, two identical rugby balls were filled accordingly and kicked on a windless day. Forty sets of rugby balls were kicked and the distance traveled was recorded and written down and given in a table. For this assignment I will be making a hypothesis. To try and prove my hypothesis I will be trying to disprove the opposite, which is called the null hypothesis. I will test the null hypothesis to see if I can prove it false.

There are three significant levels of interest which will have to be examined, these are p=0.1, p=0.02 and p=0.01. These represent 10%, 2% and 1% respectively. If my null Hypothesis can show 0.01 in a one tailed test then there will be a 99% chance that I can disprove the null hypothesis, which would imply that my alternative hypothesis is correct.	Comment by Sarah: Why one tailed?	Comment by Sarah: 0.01 represents the probability the results didn’t happen by chance.
 
My alpha P value is going to be 0.05. This means that I will be happy to reject my null hypothesis when there is a 95% chance it is not correct. Anything less than his will not allow me to reject the null hypothesis and may cause me to commit an error. 	Comment by Sarah: You should stick to the values given in the assignment, while I appreciate that 0.05 is the standard most t tests use.

[bookmark: _Toc514324262]Initial Thoughts
Having taken an average of both sets of data and compared them, the helium filled rugby ball has a slightly higher average, Air: 25.98 Helium:26.45 

Due to the averages my hypothesis is going to be that the helium ball will go further therefore my Null Hypothesis is the opposite, that there will be no difference between the Air and Helium balls over all, Ha - Hh  = 0 . It would seem at first glance that the helium filled rugby ball has a greater distance on average, however further testing is required. 

Looking at the results in scatter graph form there would seem to be a slight trend in longer kicks with the helium balls, which would suggest that the helium balls can go further. There also seems to be some kicks in both categories that do not go very far at all. These could be 'scuffed kicks' and therefore may be removed from the calculations if there if no definitive result. [image: ]	Comment by Sarah: Label axes, charts should also be referenced figure 1 and figure 2

[bookmark: _Toc514324263]Testing and Calculations
Having run some analytical test I have discovered that I cannot disprove my Null Hypothesis. 
Using all forty of the data pairs I conducted a test, the results of which are below. The important thing to look at is the one tail test. The initial value is 0.348 which shows that there is just under 35% probability that the Null Hypothesis can be proven. Therefore there is a 65% probability that I can disprove the null hypothesis. 65%, however, is clearly not enough to disprove the null hypothesis. I would not be willing to bet any more than £2-£3 on a 65% chance that the helium ball would go further than an air filled ball, especially if the bet were to be over several kicks I.e. the best of ten kicks. 	Comment by Sarah: The results happened by chance

	Outliers
	
	

	
	
	

	 
	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
	1.664624645
	

	P(T<=t) two-tail
	0.697523293
	

	t Critical two-tail
	1.990847069
	 



Having run this first test with a P-Value of 0.1 as my target for the one tailed test, highlighted in yellow, the initial results did not look good returning as 0.348. 
Having failed the p=0.1 test, this means that it fell woefully short of my significance levels of p=0.02 and p=0.01 values. 	Comment by Sarah: Good.

To try and improve this outcome and disprove the Null Hypothesis I decided to get rid of the outliers. These were the kicks I considered to be 'dud'. If you look at the scatter graph above, these are the kicks that did not go very far, measuring less than 16 meters. I decided that it is possible the short kicks were scuffed and not worthy to be placed in the sample. Although it cannot be proven one way or another whether the short balls were just short kicks or whether they had been 'dud' kicks I decided that they were most likely warm up kicks or had not been struck properly, resulting in their lower than average distance. Both the short helium kick and the paired air kick were removed. 	Comment by Sarah: Good justification.
	No-Outliers
	
	

	 
	Variable 1
	Variable 2

	Mean
	26.3777027
	27.93108108

	Variance
	19.24228416
	17.64518769

	Observations
	37
	37

	Pooled Variance
	18.44373592
	

	Hypothesized Mean Difference
	0
	

	df
	72
	

	t Stat
	-1.555745926
	

	P(T<=t) one-tail
	0.062076741
	

	t Critical one-tail
	1.666293696
	

	P(T<=t) two-tail
	0.124153481
	

	t Critical two-tail
	1.993463567
	 



Having removed the outliers the result came back at 0.62, which is 6.2%, meaning that I have a 93.8% probability of disproving the null hypothesis. This surpasses my significance level of 0.1 and gives me some sway towards being able to disprove the null hypothesis. If this were just about kicking rugby balls I might be convinced to place a sizable bet on the Helium filled ball, however, if this were some sort of medication that may have serious side effects, I do not think that this is a good enough margin to risk. 
As good as this result is I would prefer a 95% chance of success in order to be happy making a bet exceeding £50. This is something that cannot be proven, therefore I am, at this time, unwilling to disprove my null hypothesis. 
There are two types of errors, a Type I error and a Type II error. The type one error is when a hypothesis, which is true, is rejected. This may be done by having a higher alpha value like P=0.1 to try and get a more favorable set of results in order to improve your chances of claiming that your alternative hypothesis is correct. While a type 2 error is when the null hypothesis is false but is not rejected. This could be done by insisting that the alpha value is much lower, o example P=0.02. Again this may be done to try and prove the null hypothesis is more probable to be true. Therefore the alpha value is typically set to P=0.05.  	Comment by Sarah: Good.
By rejecting my null hypothesis by saying that there is 6.2% or P=0.062 it can be rejected, I feel that I would be committing a Type 1 error, where I rejected my null hypothesis where it is not statistically false. 
Equally if I were to insist that the one tailed test had to be P=0.02 or lower, I could be causing a type II error, where the test showed that the helium ball actually did go further and the null hypothesis was in fact false but I just refused to reject it. 
I have, however set my alpha value at P=0.05, and as, having removed the outliers, I can only get a one tailed test result of P=0.062, I cannot therefore satisfactorily reject my null hypothesis. 

[bookmark: _Toc514324264]Other things to consider
I think that there are several other things that need to be taken into consideration that were not seen or represented in this experiment. 
Firstly I think that there were not enough kicks so the sample was too small to make a comparative and decisive decision. While it would seem that the helium filled balls did go further, there were too many questions to make a reliable decision. 
Firstly, were all the kicks taken in sequence? This would mean that after a time the kicker would begin to get worn out, which may affect the results as the kickers’ stamina begins to wane. 
Secondly, it would seem that the initial kicks were 'off' (Chart Below) until the kicker got into their 'rhythm'. I think that it would have been better if the kicker had a few minutes to get find their pace, before beginning the experiment. 
In addition I think 100 pairs of kicks, possibly taken in several sessions, would have provided a more even and representative set of data.  

Average Kick: Air/Helium
[image: ][image: ]
This chart shows that the initial kicks show some disparity until after11-13 kicks. After which they tend to even out somewhat. I think this shows that the kicker got into a rhythm after the first few kicks. I think this supports my argument that there should have been some warm up kicks before making the kicks that were used in the experiment. 

There is the question of whether the kicker knew which ball they were kicking. If they knew they were kicking the helium ball it is possible they may have consciously or subconsciously kicked that ball a bit harder, especially if they were betting that the helium filed ball would go further. Just the knowledge of which ball they were kicking could have affected the outcome of the kicks. 
However if they had just been given a ball and had no knowledge of what the ball was filled with then this would have had little effect. 
This is another question that could have some effect on the validity of the test. 

The test kicks were conducted on a windless day. Again if the tests were conducted outside, there can be no guarantee that there was no wind. Therefore some balls could have been carried further or there could have been some additional wind resistance on some of the kicks. Therefore again this could have had an effect on the outcomes.  

The final question I would have to consider is how identical were the two balls used? While the two balls may have been from the same manufacturing plant or of the same brand, there is no way to definitively say that the two rugby balls used were exactly identical. There could have been have been imperfections in the leather or the stitching could have been slightly different. In addition were the two balls pressurized to the same degree or were they just 'filled'? 

Although most of these are only small considerations, it is possible that small inconsistencies in the ball may have changed the outcome. In my mind these questions give cause to question the validity of the test. 	Comment by Sarah: There is also the human factor here- humans are not machines and cannot be expected to kick in exactly the same way every time- perhaps this test would have been better to have been mechanized in some way.

[bookmark: _Toc514324265]Conclusion 

In conclusion, having looked at a number of analytical results, while the numbers seem to be in favor of the helium ball, I cannot happily disprove my null hypothesis, that there was no difference between the air and helium balls, as the criteria (P=0.05) for rejecting it are not met. Therefore I can neither argue my alternative hypothesis that the helium ball would go further based upon the overall averages. 
Although the results showed a significant figure p=0.0348, and this may be an 'okay' bet, it is by no means a definitive answer to the question set out in the experiment. 	Comment by Sarah: 0.03 is below 0.05!
If the test were to be conducted again, I would prefer that there were more kicks, 80-100, to provide a larger sample, in addition I think the kicker should have been a machine and the tests conducted in a lab under controlled conditions. This way every kick would be delivered with the exact same amount of force and there would be no room for human error, nor would there be any need to hypothesize about the source of the short kicks. It could have simply been that the outlying results were just shorter kicks or it could have been that they were 'scuffed' by the kicker. 	Comment by Sarah: Could have mentioned this in the earlier discussion
I feel the experiment was not really a good sample of data and therefore a true outcome would be hard to conclude. 
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