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[bookmark: _Toc534654094]1. Introduction

The purpose of this report is to present and discuss findings from various data analysis techniques performed on a study regarding university experience satisfaction. The study provided was conducted to examine the differences on perceived university experience satisfaction between younger (aged 17-20) and mature students (aged 45-60). A sample of 10 student scores from each group was provided. Scores range from 0 to 60, with low scores highlighting low satisfaction and high scores highlighting high satisfaction. Shown below is the data collected from the study (table 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



[bookmark: _Toc534654681]Table 1: Student University Experience Satisfaction Test Data




[bookmark: _Toc534654095]2. Background Information

This section overviews the background information of all techniques and tests considered to analyse the data.

[bookmark: _Toc534654096]2.1. Hypothesis Testing
Hypothesis testing in statistics is a test used to analyse an assumption made regarding a population or sample [1]. Two hypothesis are tested which are usually the opposite of one another. The initial hypothesis also known as the null-hypothesis is generalised as the idea which nothing is happening within a population i.e. there is no difference or no relationship [2]. The alternative hypothesis is then the opposite argument of this assumption.

[bookmark: _Toc534654097]2.1.1. Significance Level
The significance level or alpha value (α) in statistics is the significance/probability of rejecting the null-hypothesis. This level of significance is compared with the p-value to test whether to reject the null-hypothesis [2]. 

[bookmark: _Toc534654098]2.1.2. P-Value
Testing the hypothesis is done through using various tests to analyse the significance of the data with regard to the null-hypothesis. The p-value shows from these tests a level of significance of the probability of an event occurring within a tested hypothesis [3]. The p-value also highlights the smallest significance level for rejection of the null-hypothesis.

[bookmark: _Toc534654099]2.1.3. Type I and Type II Error
A type I error is a hypothesis testing error which occurs by rejecting a true hypothesis, whereas a type II error is where a false null-hypothesis is accepted (table 2). To reduce any potential errors occurring from analysis the significance tested can be reduced to provide higher reliability [4].


	
	Decision

	Result
	H0 is accepted
	H0 is rejected

	H0 is true
	Correct Conclusion
	Type I Error

	H0 is false
	Type II Error
	Correct conclusion



[bookmark: _Toc534654682]Table 2: Error Type Truth Table for Null Hypothesis [5]

[bookmark: _Toc534654100]2.1.4. T-Test
The t-test is a hypothesis testing technique used to test whether a data set is significantly different to another. It allows the averages of two samples to be compared and determine if they came from the same population [6]. The t-test requires three different values, the standard deviation (SP), the mean (X) and the number of samples (n). There are three main types of t-test:
· Correlated: used when there are matched pairs of data.
· Equal Variance: used when the variances of each sample are equal.
· Non-Equal Variance: used when the variances of each sample are not equal.
The general formula for the t-test is shown below (equation 1).


[bookmark: _Toc534654658]Equation 1: T-test Equation [6]

[bookmark: _Toc534654101]2.1.5. ANOVA Test
The ANOVA test is also used to test a difference between data sets. However, unlike the t-test it can compare more than just two populations. With two or more populations the t-test is more likely to result in errors which is the main reason an ANOVA test would be used [6] [7].

[bookmark: _Toc531367510][bookmark: _Toc534654102]2.2. Frequency Distribution
Frequency distribution analysis is the procedure of organising a set of data samples and representing it in a graphic or tabular format [8]. It presents distribution of frequencies for various scores or values within a data set. A range of descriptive and inferential statistics can be taken from frequency distribution tables. These include the mean, mode, median, central tendency etc. It can also be used to show whether the data set analysed is normal or skewed which becomes important in determining what tests can be performed.

[bookmark: _Toc531367511][bookmark: _Toc534654103]2.2.1. Normal Distribution
Normal data in statistics comes from the distribution of a data set having a normal distribution [9]. The shape of a normal distribution follows a symmetrical curve also known as the Bell Curve or Gaussian distribution. It is described by its mean and standard deviation [9]. An example of a normal distribution curve is shown below (figure 1).

[image: A typical normal distribution and percentage of data within the standard deviation from the mean. ]
[bookmark: _Toc534654616]Figure 1: Example of a Normal Distribution Curve [10]

[bookmark: _Toc534654104]2.2.2. Measures of Skewness and Kurtosis
A skewed data set is where the mean of the data is presented to one side and not central. Skewed data is not symmetrical and described as having a positive or negative skew. These terms are also referred to as skewed right, which implies the long tail of the distribution at the positive end, and skewed left implying the long tail at the negative end [9] [11]. 
The measure of kurtosis regarding distribution is related to how heavily or lightly tailed the data set is. High kurtosis value has a heavily tailed data set whereas a low value indicates a lightly tailed set with a low number of outliers in the data [11]. 

[bookmark: _Toc531367512][bookmark: _Toc534654105]2.2.3. Normality Testing
Many statistical tests work off the assumption of data normality. Due to this assumption it becomes critical to test whether the data collected is normalised before performing hypothesis testing and analysis. Ghasemi and Zahediasl believe that it is critical to test for data normality as when these assumptions are not true it becomes impossible for reliable conclusions [12]. Field also believes that normality should be tested to provide higher accuracy within analysing data populations [13].

2.2.2.1. Shapiro-Wilk Test
The Shapiro-Wilk test was created by Samuel Sanford Shapiro and Martin Wilk in 1965 [14]. It tests for normality in a random sample set using a W statistic. The W values is the ratio of the best estimator of the variance to the usual corrected sum of squares (equation 2) [15]. If the value of W is small normality is rejected, whereas a value close to one is usually acceptance criteria [16].


[bookmark: _Toc534654659]Equation 2: Shapiro-Wilk Test Equation [15]

[bookmark: _Toc534654106]2.3. Variance Testing
The variance is how different or spread the values are in a data set [2]. Variance is an important factor to consider when selecting tests to be performed. 

[bookmark: _Toc534654107]2.3.1. F-Test
The f-test is a variance hypothesis testing method where the null-hypothesis is that the variances of the data are equal. The test returns a f-value which is scaled by the ratio of variances and is noted by the sample size and degree of freedom [2]. If the f-value is too large or small in comparison with alpha, it shows the variances are unequal.

[bookmark: _Toc534654108]2.4. Outlier Testing
An outlier in statistics is a value which is distant from most results within a population set [17]. 

[bookmark: _Toc534654109]2.4.1. Z-Score Test
The z-score test is a test for detecting outliers. It compares a z-score value with the standard deviation and mean. If the score exceeds +/-3 then an outlier is detected. The limitation with the z-score test is it provides poor accuracy on samples which are less than 12. A modified z-score test is used for smaller sets which considers the median [18].


[bookmark: _Toc534654110]3. Data Analysis

This section of the report shows the overall methodology and techniques used to analyse the data. All data analysis tests are performed to significance levels 0.1, 0.02 and 0.01.

[bookmark: _Toc531616329][bookmark: _Toc534654111]3.1. Data Distribution Test
The majority of statistical tests work on the assumption on normalised data distribution. Therefore, before any key tests are made to find any significant differences within the data the frequency distribution must be tested. The following initial hypothesis was generated to test for normalisation.



Firstly, to test the above hypothesis the frequency of each data set was recorded and graphed. Due to each data set presenting a small sample size of 10 and the data varying largely between samples a grouped frequency distribution technique was used. The interval used between groups was decided as 6. The following shows the frequency distribution calculated for both mature (table 3 and figure 2) and young students (table 4 and figure 3).

	Mature Students Frequency Distribution

	Score
	Tally
	Frequency (f)

	25 – 30
	I
	1

	31 – 36
	
	0

	37 – 42
	II
	2

	43 – 48
	IIII
	4

	49 – 54
	II
	2

	55 – 60
	I
	1



[bookmark: _Toc534654683]Table 3: Mature Students Frequency Distribution



[bookmark: _Toc534654617]Figure 2: Histogram of Frequency Distribution of Mature Students







	Young Students Frequency Distribution

	Score
	Tally
	Frequency (f)

	15 – 20 
	II
	2

	21 – 26 
	III
	3

	27 – 32 
	I
	1

	33 – 38  
	III
	3

	39 – 44 
	I
	1



[bookmark: _Toc534654684]Table 4: Young Students Frequency Distribution



[bookmark: _Toc534654618]Figure 3: Histogram of Frequency Distribution of Young Students

Findings from performing frequency distribution tests are inconclusive as each data set does not highlight normalised data or a skewed data set. A normalization test is required to be performed before the null-hypothesis is accepted or rejected. The normalization test selected is the Shapiro-Wilk test as this test provides high reliability compared to other tests such as the K-S test [12] [19]. A limitation of the test is that results are biased towards smaller sample sizes, however as the sample sizes provided are limited to just ten this makes it insignificant.  

[bookmark: _Toc531616330][bookmark: _Toc534654112]3.1.1. Shapiro-Wilk Test
The first stage of performing the Shapiro-Wilk test was to sort the scores of each sample in order of lowest to highest. Then using the Shapiro-Wilk table coefficients (see appendix) with n = 10 coefficients were used for each sample pairing e.g. x10 and x1 … x6 and x5. The coefficients were multiplied by the difference between the pairings with the b factor being the sum of the multiplication of each grouping. The standard deviation squared was used in a reduced W equation (equation 3) in which the calculated W value is then used to reference the p-value table (see appendix). The p-value is compared to the selected significance value.

[bookmark: _Toc534654660]Equation 3: W Test Statistic Reduced Equation

Shown in the table below are the results for mature and young students (table 5 and 6). Please see appendix for workout tables.

	Mature Student Results

	Alpha
	0.1
	0.02
	0.01

	W
	0.903
	0.903
	0.903

	p-value
	0.238
	0.238
	0.238

	H0
	Accepted
	Accepted
	Accepted



[bookmark: _Toc534654685]Table 5: Mature Student Shapiro-Wilk Test Results 


	Young Student Results

	 Alpha 
	0.1
	0.02
	0.01

	W
	0.9596
	0.9596
	0.9596

	p-value
	0.781
	0.781
	0.781

	H0
	Accepted
	Accepted
	Accepted



[bookmark: _Toc534654686]Table 6: Young Students Shapiro-Wilk Test

The results from the Shapiro-Wilk test show that both samples are normal. Mature students generated a p-value of 0.238 which is greater than each significance tested. This is the same for young students which generated a p-value of 0.781 which is significantly greater than the alpha value tested to. Therefore, both samples can be concluded to having normalised data.

[bookmark: _Toc531616331][bookmark: _Toc534654113]3.2. Variance Test
Both data sets have shown that they are normalised. However, as there are t-test variations which assume either equal or non-equal variances, a variance test is required. The f-test is performed to check this with the hypothesis outlined below.



The results from the f-test are shown below (table 7).

	Parameter
	Results

	
	Alpha = 0.10
	Alpha = 0.02
	Alpha = 0.01

	Ratio
	1.033
	1.033
	1.033

	F Observed Value
	1.033
	1.033
	1.033

	F Critical Value
	3.179
	5.351
	6.541

	Degree of Freedom 1
	9
	9
	9

	Degree of Freedom 2
	9
	9
	9

	p-value
	0.962
	0.962
	0.962

	HO
	Accept
	Accept
	Accept



[bookmark: _Toc534654687]Table 7: F-Test Results

The results from the f-test show that at each tested significant level the p-value is always greater than the level of significance tested. Therefore, the null hypothesis cannot be rejected meaning that the variances of both sample sets are equal. 

[bookmark: _Toc531616332][bookmark: _Toc534654114]3.3. T-Test
As the data is proved to be normal and the variances equal a t-test assuming equal variances can be performed to check if the data samples differ. The following hypothesis were generated:



Significance levels (alpha) were tested at 0.10 (10%), 0.02 (2%) and 0.01 (1%). The results are presented below (table 8).

	
	Alpha = 0.1
	Alpha = 0.02
	Alpha = 0.01

	Parameters
	Mature Students
	Young Students
	Mature Students
	Younger Students
	Mature Students
	Younger Students

	Mean
	44.5
	28
	44.5
	28
	44.5
	28

	Variance
	75.4
	73
	75.4
	73
	75.4
	73

	Observations
	10
	10
	10
	10
	10
	10

	Pooled Variance
	74.1889
	74.1889
	74.1889

	Hypothesized Mean Difference
	0
	0
	0

	df
	18
	18
	18

	t Stat
	4.25755
	4.25755
	4.25755

	P(T<=t)
	0.00047
	0.00047
	0.00047

	t Critical
	1.734
	2.552
	2.878

	H0
	Rejected
	Rejected
	Rejected



[bookmark: _Toc534654688]Table 8: T-Test Results

The t-test results show that the null hypothesis at each level of significance tested is rejected. See discussion section for in depth discussion of results.

[bookmark: _Toc531616333][bookmark: _Toc534654115]3.4. Outliers Test
Tests should be carried out to calculate if the data has any significant outliers within each set of data. This should be checked as it may affect the accuracy of the t-test performed. A z-test using excel is carried out to check for outliers within each sample.
The z-test results are presented below for mature (table 9 and figure 4) and young students (table 10 and figure 5). The results shown are for 0.1 alpha.

	Mature Students

	Score
	Z Score

	45
	0.058

	38
	-0.749

	52
	0.864

	48
	0.403

	25
	-2.246

	39
	-0.633

	51
	0.749

	46
	0.173

	55
	1.209

	46
	0.173



[bookmark: _Toc534654689]Table 9: Z Scores from Mature Students Sample


[bookmark: _Toc534654619]Figure 4: Z Scores Graph for Mature Students 
The results for the mature students show that there is one significant outlier within the data. This is the score of 25 within the sample. However, this is at a significance level of 0.1 with a significance level of 0.01 and 0.02 there is no outlier present. 

	Younger Students

	Score
	Z-Score

	34
	0.691

	22
	-0.714

	15
	-1.533

	27
	-0.129

	37
	1.042

	41
	1.510

	24
	-0.480

	19
	-1.065

	26
	-0.246

	36
	0.925



[bookmark: _Toc534654690]Table 10: Z Scores for Young Students 


[bookmark: _Toc534654620]Figure 5: Z Scores Graph for Young Students 


[bookmark: _Toc531616334][bookmark: _Toc534654116]3.5. T-Test (Re-Test)
Since the outliers have been identified a t-test can be performed to view if any significance is made with the outliers removed. An unequal variance t-test is used as it is assumed the removed value will affect the variance greatly. Shown below are the results re-testing the hypothesis stated in ‘section 3.3’ (table 11).

	 
	Alpha = 0.10
	Alpha = 0.02
	Alpha = 0.01

	Parameters
	Mature Students
	Young Students
	Mature Students 
	Young Students
	Mature Students
	Young Students

	Mean
	46.667
	28.1
	46.667
	28.1
	46.667
	28.1

	Variance
	32
	72.989
	32
	72.989
	32
	72.989

	Observations
	9
	10
	9
	10
	9
	10

	Hypothesized Mean Difference
	0
	0
	0

	df
	16
	16
	16

	t Stat
	5.635469976
	5.635469976
	5.635469976

	P(T<=t) two-tail
	0.00003722
	0.00003722
	0.00003722

	t Critical two-tail
	1.745883676
	2.583487185
	2.920781622

	H0
	Rejected
	Rejected
	Rejected



[bookmark: _Toc534654691]Table 11: Re-tested T-Test

The test results show that although the variance has been affected greatly as expected the null-hypothesis is still rejected. These results are discussed further in the discussion section.



[bookmark: _Toc534654117]4. Results and Discussion

The first test performed was a Shapiro-Wilk test which is performed to check if the sample data was normal. The results from this test show both samples are normalised as the p-value result obtained is greater than the level of significance tested. Therefore, the null-hypothesis was accepted.
A t-test was then decided to be performed. This was selected over an ANOVA test mainly due to only two samples being provided, making the t-test a more viable option [6] [7]. Before a t-test could be performed the variance of each sample was required to determine the appropriate test. An f-test was performed to test the variances of each sample. The results showed from this test that the variances are equal meaning an equal variance t-test could then be performed.
A t-test was then performed with the results showing a rejection of the null-hypothesis at each significance level tested. This showed that there is a difference in the data tested. However, after performing the t-test a realization of outliers was explored. Outliers can greatly affect results of the t-test [1]. A modified z-test was used to find any outliers in both samples. The results showed no outliers in the young student data. However, the score of 25 in the mature student data is highlighted as an outlier at an alpha level of 0.1. This outlier was not highlighted at test levels of 0.02 and 0.01. So, with 90% confidence the outlier is present within the data which was accepted.
To verify if this had any significance a second t-test was performed with the outlier removed from the sample. The effect of this value presented no difference, meaning the null-hypothesis was rejected at each significance value tested. So, with 99% confidence the samples can be regarded as contrasting.
There are factors which may affect the results of the analysis performed. One factor is the sample size which can lead to certain tests being inaccurate. For example, the z-test works most effectively for sample sizes over 12 which is why a modified z-test is performed. Increasing the sample size may lead to improved accuracy in results as different tests may be considered.
Another factor to be considered is the significance level tested. By testing at a significance level as low as 0.01 means that you are more likely to reject a null-hypothesis even if it is true, increasing the chance of making a type II error. As the significance value tested is reduced the effective power of a test is reduced [1] [20]. For future tests the alpha level should be considered greatly.
The sample size is a factor which also greatly affects results. With a greater sample size, the power of a test is increased significantly [20]. Future work could be to perform the tests on an increased sample size of each set and compare the results obtained.
The tested hypothesis was two tailed as there was no direction implied with only a difference being tested for. However, if a direction was implied then it would greatly affect the results and tests performed. 

[bookmark: _Toc534654118]5. Conclusion and Recommendations

Overall the data analysis has shown that there is a difference between the young and mature students university satisfaction. All tests performed were tested at relevant significance and there is 99% confidence that there are differences. It was found that all tests included provided relevant data and added reliability to the t-test. The z-test performed highlighted outliers at a significance level of 0.1 by changing the alpha level lower showed no outliers. It was accepted as an outlier with 10% confidence. It was found that this had no effect on the results and the null-hypothesis was rejected.
Although it was found that testing at various significance levels gave confidence in readings other hypothesis could be tested in future work. Instead of focusing on two tailed hypothesis testing a directional hypothesis maybe useful. For example, mature students scored greater than younger could be a testable hypothesis. It is also believed to be useful to perform different tests to compare if there are any effect on results. For example, a Grubbs test could be used for outliers which could be compared with the results achieved with the z-test. However the analysis made is still regarded as a success with the results showing a difference in data sets with 99% confidence.
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	Mature Students

	Score
	Sorted Score
	Label
	Coefficients (Co)
	Pairings
	Difference (D)
	Co * D

	45
	25
	X1
	0.5739
	X10 - X1
	30
	17.217

	38
	38
	X2
	0.3291
	X9 - X2
	14
	4.6074

	52
	39
	X3
	0.2141
	X8 - X3
	12
	2.5692

	48
	45
	X4
	0.1224
	X7 - X4
	3
	0.3672

	25
	46
	X5
	0.0399
	X6 - X5
	0
	0

	39
	46
	X6
	
	
	b = 24.7608

	51
	48
	X7
	
	
	Dev Sq. = 678.5

	46
	51
	X8
	
	
	
	

	55
	52
	X9
	
	
	
	

	46
	55
	X10
	
	
	
	



[bookmark: _Toc534654692][bookmark: _Hlk534486502]Table 12: Mature Students Shapiro-Wilk Workings


	Young Students

	Score
	Sorted Score
	Label
	Coefficients (Co)
	Pairings
	Difference (D)
	Co * D

	34
	15
	X1
	0.5739
	X10 - X1
	26
	14.9214

	22
	19
	X2
	0.3291
	X9 - X2
	18
	5.9238

	15
	22
	X3
	0.2141
	X8 - X3
	14
	2.9974

	27
	24
	X4
	0.1224
	X7 - X4
	10
	1.224

	37
	26
	X5
	0.0399
	X6 - X5
	1
	0.0399

	41
	27
	X6
	
	
	b = 25.1065

	24
	34
	X7
	
	
	Dev Sq. = 656.9

	19
	36
	X8
	
	
	
	

	26
	37
	X9
	
	
	
	

	36
	41
	X10
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Frequency Distrubution of Mature Students 

Frequency	25 - 30	31 - 36	37 - 42	43 - 48	49 - 54	55 - 60	1	0	2	4	2	1	0	Score


Frequency




Frequency Distrubution of Young Students

Frequency	15 - 20	21 - 26	27 - 32	33 - 38	39 - 44	2	3	1	3	1	0	Score


Frequency




Z-scores

Z-score	5.7585923114064505E-2	-0.74861700048285007	0.86378884671097911	0.40310146179845646	-2.2458510014485484	-0.63344515425471937	0.7486170004828484	0.17275776934219517	1.2093043853953711	0.17275776934219517	0	10	1.9599639845400536	1.9599639845400536	0	10	-1.9599639845400536	-1.9599639845400536	Observations


Z-score





Z-scores

Z-score	0.69059532717920569	-0.71400533827002566	-1.5333557264487438	-0.12875506099951262	1.0417454935415134	1.5099457153579239	-0.47990522736182045	-1.0651555046323335	-0.24580511645361522	0.92469543808741084	0	10	1.9599639845400536	1.9599639845400536	0	10	-1.9599639845400536	-1.9599639845400536	Observations


Z-score
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