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1. Introduction

In this report the author will be discussing the ways he has been able to settle a bar-room wager between two people. He will include the hypotheses for the experiment, and the testing of the hypotheses. He would be discussing if there was any outliers in the data and the effects that they would have had on the outcome.

2. Analysis

After looking at the data it is clear that the test was conducted on an excellent day, and the balls that they used were identical. The only variable was that one was full of air and the other full of helium. The day the experiment was carried out was windless, and the balls were kicked by the same player. The balls were alternated after each kick. After the first look at the data it is clear to see that there is not much in it between the two. Sometimes the air and helium balls travelled the same distance, or the air travelled furthest but other times it was the helium filled that went the furthest. The data does look consistent, this means there are barley any abnormalities in the data. There are a few examples, where the Helium scored 11m which is low compared to other distances but also helium had scored a really high example distance of 39m as well this makes the range of result for the helium 28m and the air has a range of 20m. This means that the air filled ball is more consistent while this experiment was performed. So, what does these abnormalities mean for the data? The author thinks there could have had been a gust of wind that helped one helium ball travel further to 39 meters. According to Chuck Zodda “Wind conditions at ground level may be different from those 30 feet in the air, and swirling winds” [1] The helium filled ball could have been kicked at the bottom making it go high up in the air which subsequently made it travel forward futher. According to Nick “Normally it is around a 1/3 the way up from the base of the ball along the seam” [2] During the test the kicker could have become tired thus his kicking distance may have reduced. This would of lead to him kicking the ball gently on some shots and possible very hard on other shots. According to Kellis” found a significant decrease in ball kicking ball velocity following a fatigue protocol” [3] His foot would had also kicked the ball in different places and this is possibly why there were variable results in the data set. 
From the data below, comparing the first 10 kicks when the kicker is fresh to the last 10 kicks when fatigue may have played a part the result show. 
	
	First 10 kicks
	Last 10 kicks

	
	Air
	Helium
	Air
	Helium

	Total distance(m)
	234
	231
	281
	290

	Average
	23.4
	23.1
	28.1
	29.0



However, after analysing the results the last 10 kicks for air proved to be 4.7m longer and for the helium increased by 5.9meters. The kicker after 30 kicks must have found a consistent rhythm “practice makes perfect”. The variability in length between the first and last kicks showed 20m and 7m for air and 15m and 6m for helium.

	
	First 10 kicks
	Last 10 kicks

	
	Air
	Helium
	Air
	Helium

	Range
	15-35
	14-29
	25-32
	26-32

	Variability
	20m
	25m
	7m
	6m



If the wager was an average length kicked for the first 10 kicks, there would have been a different result, where the air-filled balls travelled on average 0.3m further. This could be down to the kicker not having previously kicked helium filled balls and had to learn the technique of how to kick these balls. A total variation of 28m (11m-39m) for helium compared to the air-filled balls (15-35m) a variation of 20m.

The influence of wind could have blown the helium filled balls to a distance of 39m as the ball would have been lighter According to Charles “the helium balloon floats on the air and is less dense than the air. The air-filled balloon sinks because the weight of the rubber balloon makes is slightly heavier and thus more dense.” [4] The wind could also reduce the distance of the kicks -  kick 2 helium and kick 3 air 16m and 18m respectively, kick 11 helium 12m kick 12 air 19m, kicks 17 air 20m and helium 23m and kick 30 air 20m and of the lowest helium reading of 11m. 
This experiment could have been carried out in a large building which would have eliminated the potential variable of wind. As there are outliners in the data if the 5 bottom and the top 5 figures excluded would it change the result?
	
	Top 5 and bottom 5 excluded
	Without top 5
	Without bottom 5

	
	Air
	Helium
	Air
	Helium
	Air
	Helium

	Total distance(m)
	786
	811
	874
	885
	951
	991

	Average
	26.2
	27.2
	24.97
	25.23
	27.17
	28.31



In all situations the helium filled balls always travelled further possibly due to the fact they are lighter than air.
2.1. Hypotheses
It is important to have hypotheses while trying to decipher data according to John Phamvan “A hypothesis is a supposition or proposed explanation made on the basis of limited evidence as a starting point for further investigation.” [5] The author will have two hypotheses H0 the null hypotheses and H1 the alternative hypotheses. The H0 in this experiment shows there is no difference in the data set. So both balls travelled the same amount of distance. The H1 would then mean there is a difference in the distance the balls travelled.


2.2. Techniques to perform analysis
There are many ways the data could be analysed but the author has decided to perform the data analysis using the T test. According to Peter Flom “t-test tells you how different the mean of one sample is from the mean of the other group. It tells you the mean of each group, and the average difference between the groups. It also tells you whether this difference is statistically significant” [6] There are two different kinds of T test, so the author will be using the one for paired samples. The author has decided to use this because it shows the difference between the data clearly. The greater the difference between them the easier it is to see which one went the furthest. There are other tests the author could conduct, one very simple is to just work out the average distance each rugby ball has travelled. This will show which ball averaged the longest distance.

2.3. [bookmark: _Hlk513131104]Techniques to present the data
There will be a need to present the data that the author has analysed. With this it might be easier to see if there is a difference between the two rugby balls. The method the author is going to demonstrate this is by using a graph, there are many different types of graphs the author could use, one example would be a scatterplot. According to Drew Skau “They can show large quantities of data and make it easy to see correlation between variables and clustering effects.” [7] With this type of graph it would highlight which ball has travelled the furthest, the shortest and the average distance, but it is not easy to see which ball has travelled the furthest and thus not really answering the question and settling the wager. The data could be presented in table form and this would make it easier to see and decipher but only include the average and the result of the T test in it.

2.4. Application of selected analysis techniques
	t-Test: Two-Sample Assuming Equal Variances
	

	
	
	

	 
	Air
	Hilum

	Mean
	25.975
	26.45

	Variance
	21.51218
	37.79231

	Observations
	40
	40

	Pooled Variance
	29.65224
	

	Hypothesized Mean Difference
	0
	

	df
	78
	

	t Stat
	-0.3901
	

	P(T<=t) one-tail
	0.348762
	

	t Critical one-tail
	1.664625
	

	P(T<=t) two-tail
	0.697523
	

	t Critical two-tail
	1.990847
	 



The author will also measure the average distance the two balls travelled. The average of the ball filled with air was 25.975 meters. The average of the ball filled will hilum was 26.45 meters.

The graph above is a scatter plot. This shows all the balls that were kicked, it shows the results in two colours. One is blue for air and orange for the helium.  With this graph it is easy to see how far each ball managed to travel. This graph is also very good at showing data that was extremely high or extremely low. This graph unfortunately does make it very difficult or even impossible to see which one of the balls travelled furthest. This method is very good as you can see the line of best fit and with that the average distance the balls travelled. It is also easy to spot a result that was strange for example very low compared to everything else. You can work out the variance by using this graph.

2.5. Interpretation of the results of the analyses

When the t test was conducted as seen above it show that T start is 0.39 and as the author wants to see if the helium ball travelled further than the air filled one we want to measure the t Critical two-tail test. From the results you can see that the t critical is 1.99 bigger than the t start which is 0.39, this means the author can reject the null hypothesis and accept the alternative hypothesis because there was a difference in the distance the balls travelled.
The averages were very close in the test. The author confirms this because air was 25.975m and the helium ball travelled 26.45meters. As with this test it is clearly visible what ball travelled furthest and that would then settle the bar wager.
To see if the data was statistically significant or was expected variation the author has decided to conduct a test to see the standard deviation of the two rugby balls. According to Deborah J. Rumsey “Without standard deviation, you can’t get a handle on whether the data are close to the average or whether the data are spread out over a wide range” [8] To work out the standard deviation you need the mean of the two rugby balls and the variance of the two rugby balls. The air-filled rugby ball had a mean of 25.98 and a variance of 21.51 and the standard deviation is the square root of the variance. The standard deviation of the air-filled rugby ball was 4.64. This means that anything within this is statistically significant. The standard deviation of the helium filled rugby ball is 6.15. Anything within 6.15 of the mean is statistically significant and anything outside of it expected variation. This data converts into a balanced curve on a graph. The author tested the result to hypothesis to significant levels of p=0.10 and the result was 5.4% variance, p=0.01 and resulted in 1.3% variance and also p=0.02%  was 1.3% variance.

3. Conclusion
As you can see the author has analysed the data using a variety of methods. He has discovered that the results have been constant throughout with the helium excelling over the air-filled balls. The result was very close with each other with only 0.5meters between them. This has now settled the bar room wager that a helium filled ball does travel further compared to an air-filled rugby ball. 
If this experiment was to be repeated the author will conduct the trial in a building and use a kicking machine to be more consistent and thus taking out human error which should result in accurate and reliable data.
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Scatter Plot of the two rugby balls
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