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Introduction

Analyzing data is a very important process with many different approaches. This report looks at the how to analyze whether a helium-filled football will travel further than an air-filled one when kicked. Each ball was kicked by a normal person forty times, and the result for each kick was recorded. Utilizing the data within the table provided and properly utilizing the correct set of calculations was used to identify whether filling the ball with helium had any impact on the distance travelled at both a high and low significance level. The calculated P value will show if it was by chance or if there was an actual effect observed when kicking the helium ball. 

This report includes various tests on the data and identify any outliers (dud kicks) and consider what effect they have on the results by removing them from the table and repeating the calculations with the new data set.

Finally, the report investigates the reliability of the data and looks at how the tests could be improved in the future. This includes how the data is handled as well as the reliability of the kicker and the test conditions. 









First impressions

Having calculated the average value for both distance travelled by both the air and helium balls and comparing the results, it seems that the helium balls do travel slightly further than the air-filled balls. The ‘air’ average was 25.98 m and the ‘helium’ average was 26.45 m. To make sure that there is an effect an analysis will have to be done to look at the significance of the data. A null hypothesis (which is the basis that there is no effect between the air and helium filled balls) will have to be tested and proven to be wrong to a significant level (p value). When you compare the averages you would assume that there is an effect but it’s not clear if it is significant. 	Comment by Sarah: This is a good opening section, although you might want to explain what is meant by “significant”

To disprove the null hypothesis a multitude of tests can be performed in order to ensure that the data is reliable and also whether there are any ways the results can be changed to make the data itself more consistent.	Comment by Sarah: You are looking to see if the differences have happened by chance, or is this actually a reliable representation of what happens when the different balls are kicked.

To analyze the results more effectively they were presented as a scatter graph. This will enable easy identification of any trends within the data, such as any outliers, which could then be removed. 





Looking through the results it was clear that the kicks where a lot more sporadic at the beginning and became more consistent as more kicks were performed. This gives the impression that the kicker is either not a skilled/experienced kicker or that the kicker was warming up at the beginning and found his stride at around the 30th kick mark. 

As well as the consistency of the kicks, some of the kicks traveled a lot shorter distance at the beginning, these could be considered as ‘dud kicks’. Therefore, the differences between the balls would simply represent the kicker’s lack of consistency, not of the balls themselves.

Dud kicks (less than 16 meters) were removed to even out the data which required the removal of a pair of results to make sure there was an equal amount of data in order to compare the results.

This is the table after removal of the dud kicks from the data.



After looking at the new chart it was a lot easier to understand the data and it does slightly show the helium balls going further. In order to disprove the null hypothesis, different techniques that show the significance value for the data are required. This will show if the result is down to chance or any effect from the helium ball. The two options are either chi square or paired t-testing. The chi-squared test is used to determine whether there is a significant difference between the expected result and the observed result in one or more categories. Paired t-testing (which is likely the better choice) compares two sets of results to assess whether their population means differ by a significant amount.






Calculations

 A paired two sample T-test was then preformed to reject the null hypothesis, in order to prove that there is in fact an effect on the distance a ball will travel when filled with helium. A pair of T-tests are able to show if there were any statistical significance (i.e. it does have an effect) or if the results occurred by chance.  The results were then compared to a significance level of 0.01 0.02 and 0.10.

Below are the calculations received for each significance level:
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Once the calculations were complete, the “P(T<=t) one-tail was then compared against the alpha value. The alpha value was changed to show the results for each significance level. As you can see from the results the one-tail value is consistent throughout, showing the value of 0.330. This means that there is a 33% probability that the results are by chance and a 67% probability that the results are from an effect caused by the ball being filled with helium. Although there is a larger percentage showing the effect is there, a 67% chance, even though this is a fairly high percentage it is not enough to prove there is any effect on the ball. A much higher significance level would be needed to prove that there is in fact an effect being caused by the helium filled balls. The preferred percentage required to disprove the null hypothesis is at least a 95% chance. As you can see from each table of results above they fail on all significance levels.	Comment by Sarah: Good!

To try and make the results consistent and in return disprove the null hypothesis any outliers were removed and the experiment was performed again as any kicks under 16 meters were classed as ‘dud kicks’. Any kick that was removed meant that the pair was also removed. Although there is no way of proving that they were ‘duds’ or if they were in fact short kicks, they were removed regardless in an attempt to disprove the null hypothesis.

The results are below:
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The one-tail result highlighted this time gives a P-value of 0.067 (after the outlying kicks had been removed) which is equal to 6.7% this means that there is a 6.7% chance that the results are due to chance which is below the alpha value of 0.1. This allows the null hypothesis to be rejected. The results from the experiment show that there was an effect, however, if it was to do with something more serious the chance percentage would need to be under the conventional alpha value of 0.5 (5%). As this is something which cannot be proven, the null hypothesis cannot be rejected.

When it comes down to the errors of hypothesis, there are two types, a ‘type 1 error’, which is when a hypothesis is true but is still rejected. There is also a ‘type 2 error’, which is when a null hypothesis is false and is still not rejected.

The null hypothesis was rejected because there is a 6.7% chance, it was due to chance which could be a type 1 error. On the other hand, if the results needed to be lower than the 0.1 alpha value it would cause a type 2 error, in which the test shows the ball does go further but still rejects the original null hypothesis.	Comment by Sarah: Good!

As the alpha value was set to the conventional value of 0.05, in which the smallest p-value retrieved without affecting the data too much was only 0.067, this doesn’t meet the criteria of 0.05 or lower, therefore the null hypothesis could not be rejected. There could be an effect from the helium, but the results do not have a high enough significance level for it to be fully accepted.










Possible effects on the data

        There are multiple factors which can affect this experiment and in turn the overall data output. However, there are methods you can available to combat these.

Throughout the experiment the main source of concern is the kicker himself/herself. As a human the kicker cannot maintain the same level of stamina throughout the experiment which would affect the kicks. The more kicks taken, the more exhausted the kicker will become, this would in turn affect the distance and then the overall results. 

As a human we cannot replicate the same ‘kick’ every time: there will always be variations between each kick to some degree. Another thing to consider is that the kicker many not have ‘practiced’ the kicks beforehand, this means that the kicker may perfect their technique half way through the experiment, affecting the data. The kicker should take a least ten practice kicks and record that data to have a base level before conducting the main experiment. The chart created shows the distance is more consistent and less distant near the end of the kicks.	Comment by Sarah: Good!


Another factor to consider is whether the experiment was conducted indoors or outdoors. If it was conducted outdoors, were the weather conditions optimal? If not, the wind could easily affect the results. For these reasons the experiment should be conducted indoors as it is a more controlled and stable environment, the position in which the kicker stands should also be clearly marked. 	Comment by Sarah: It was stated it was a windless day.

To combat ‘human errors’ a device should be utilised able to execute the task to the same standard each time. Ensuring the balls are launched from the same position, to the same trajectory, this ensures the distance of the ‘kick’ is the same every time, but also that the pressure of the ‘kick’ is constant. This gives a reliable base for the data and makes it easy to calculate and display the results as there will be no ‘dud kicks’.

Another factor to take into consideration is whether or not the balls were separated into ‘helium’ and ‘air’ or if only the person recording the data knew which was which.  The kicker should not know which balls were helium/air. Only the person recording the data should have access to the information which states what each ball if filled with. By doing this the kicker is prevented from doing something consciously or subconsciously to affect the results.










Conclusion

In conclusion, even though the results are in favour of the helium balls, the overall findings conclude that the data was not reliable enough to fully disprove the null hypothesis. The data had a standard deviation of 4.63 m for the air-filled ball and 6.14 m for the helium filled ball. If the effect of the helium was that it only travelled about 0.5 m further (not far from the difference in the mean) then we might not see it with data this unreliable to a high significance level.

If this experiment was to be conducted in the future it should be conducted indoors, eliminating the human component by creating and utilising a device to launch the balls, giving more consistent data.  If this is not possible the next viable option would be that the kicker does ten or more practice kicks, and then have the kicker do more kicks overall, for example 100-150 kicks (having regular intervals to prevent exhaustion) which will give a much wider range of data to evaluate and calculate, giving a more reliable result.

Overall, the data provided in this experiment was lacking: there was not enough data to provide a clear conclusion. There need to be far more ‘kicks’ in order to calculate more consistent and reliable results. This would help to find any effect the helium had on the distance of the kick even if it was very small. By eliminating the sources of error, it should be possible to see even very small effects which are within an alpha value of 0.05. 
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