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[bookmark: _Toc533502334]Overview
The task was to examine two sets of ratings given by a mature student group and a young student group and test for differences and other interesting properties. In the experimental setup, ten mature students and ten younger students took a university experience satisfaction test. Mature students are defined as aged between 45 and 62 and young students are between 17 and 20 (these are currently the only student properties that are asked for). The test produces a satisfaction score between 0 and 60, with higher numbers indicating a higher satisfaction.
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[bookmark: _Toc533502336]Initial look at average
The data was as follows in [1]:
	Mature Students
	Young Students

	45
	34

	38
	22

	52
	15

	48
	27

	25
	37

	39
	41

	51
	24

	46
	19

	55
	26

	46
	36



To continue, the data is assumed to be normally distributed (more discussion on this later). First, the samples were checked for their averages and variance to get an impression for what the general mature student and young student ratings are.
[image: ]
Figure 1: The data set with mean, variance and SD.
As it can be seen in Figure 1, it appears that mature students have a higher average satisfaction than young students. This could be statistical noise however so the next test is a t-test for data set uniqueness.
[bookmark: _Toc533502337]Check for uniqueness: the t-test
The null hypothesis of the t-test is that the two data sets are statistically insignificant, or that . We use Excel to run the T-test on the data sets. We choose a two-sample T-test assuming unequal variances as it is unimportant which data set is larger than the other for the test, only that they differ. This produces the table in Figure 2.
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Figure 2: The tables for the T-tests of the mature and young student surveys. From left to right, alpha has been set as 0.1, 0.01 and 0.02; this moves Tcrit accordingly.
Excel outputs the t stat as well as the tcrit for the matching alpha. It also outputs the probability that the two samples may have originated from the same population. As  is specifically testing for , there is no requirement that one data set be higher or lower than the other and as such two two-tailed test is used. The tables in Figure 2 indicate that there is an ~0.047% chance that the two data sets are equivalent and sure enough  in all cases. This indicates that the two data sets represent different populations and therefore that mature students have a higher average satisfaction than young students on average.
[bookmark: _Toc533502338]Outliers
Having done the major legwork, the next test is for outliers. The Z-Score is examined and shown in Figures 3 and 4.
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Figure 3: The Z-scores of the mature student data. There are some interestingly distant data points which become more obvious with the Z-scores visible.
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Figure 4: The Z-scores of the young student data. None of the points reach the extreme Z-scores of the mature students but scores >|1| are more common.
These results are quite interesting. Using a z-table from [2] it can be shown that a point with a Z-score of -1.5 means ~6.68% of the data points fall beneath it, or 1 in 15 people gives scores in this region. Despite that the young student data contains two points with  and the mature student data contains a point with , meaning only ~1.25% of data points are below it, or 1 in 80(!) people give ratings that low. Given that the sample size is 10 these scores seem unlikely (for reference the table indicates that the highest modulus Z-score that returns a fraction > 10% is 1.29).
[bookmark: _Toc533502339]Skew and Noise
Having analysed the data for outliers it now needs to be checked for skew. The reason for this would be to check whether the population distribution can be assumed to be normal. Without this assumption it becomes unclear whether the t-test is appropriate. 
The values of skew and kurtosis are present in Figure 5.
[image: ]
Figure 5: The graphs for the Skew of the data. Also featured is a chart of the data and the quartiles as well as the gaps between the quartiles, to help visualise the results. The blue line is the mature student data and the orange line is the young student data.
These results are very interesting. For the mature students the 1-2 and 2-3 gaps are very close but for the young students the 2-3 gap is significantly larger. However, the mature student skew is heavily negative and the young student skew is slightly positive. This can be seen on the chart where the mature line has a large tail corresponding to the unusual data point of 25, which is heavily altering the skew. It can also be seen that the young line “jumps” between points 6 and 7 which may explain the odd quartile gaps not aligning with the skew.
The kurtosis values are particularly impactful. The mature students have a kurtosis of ~1.98 which is very close to the condition for normality. The data is barely clustered enough at the mean to count as normal. The young students have a heavy negative kurtosis instead indicating that their data is more centred on the mean than is normal, but is within more acceptable tolerances. Using the standard error of Skew and Kurtosis from [6] the lack of data means these values aren’t enough to decide whether the distributions are normal – a test must be done.
[bookmark: _Toc533502340]Testing normality: The Shapiro-Wilk test
The Shapiro-Wilk test will be used because of its relatively high power (source of this assertion in [5]). Following the procedure given in [7], the result for the mature student data is given in Figure 6.
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Figure 6: A Shapiro-Wilk test on the mature student data. It returns a p-value of ~0.30064.
As the p-value ~0.3 > 0.05, the null hypothesis is retained and the data is considered normal, allowing the t-tests done previously. The Shapiro-Wilk test on the young student data is in Figure 7.
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Figure 7: The Shapiro-Wilk test on the Young Student data. It returns a p-value of ~0.75367.
This test gives a p-value of ~0.75 > 0.05 and the data is therefore normal.
[bookmark: _Toc533502341]Conclusion
This study gave the result that the mature students had on average higher satisfaction scores than the young students. The data has also been tested to check whether it can be considered to be normal, and it can. The sample used is extremely noisy (easiest to see in the skew uncertainty), which is unsurprising given that the sample size is small.
There are a number of ways that the study could have been improved however.
The most immediate improvement would be more data – A sample size of ten is rather small for data analysis and the smaller the sample the larger the noise becomes. This is especially apparent in the measurement of kurtosis of the mature student data; the error is greater than half the value itself. More data always improves statistical surveys though.
The experimental setup currently doesn’t track which courses the students are attending. There is a possibility that certain courses have lower satisfaction than others and that the samples used contained more of one course than others, skewing the results. It would be more instructive to ask students what they’re studying on a repeat test, to be able to account for this and to also see which subjects on average have the highest satisfaction ratings, which could be informative as its own study.
Another property that could be measured is the students’ current year of study. It is possible that a degree becomes more stressful the further in one gets and this may lead students to be more critical than they would have been in earlier years. Checking for this correlation first would help this study address some of its noise. It would also be preferable if the data took into account a collection of age brackets from 17 to 62 instead of leaving a gap in the middle; this would make any correlation between age and satisfaction clearer.
The study could also track the average results of the students (or pull them from a database). There is a chance that low-scoring students give lower satisfaction ratings due to the modules having poor academic support options. Checking this could help reduce error in the age test. In addition, the average attendance could be measured – this could indicate towards the engagement level of the student, which could help explain their satisfaction rating.
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