


Contents
Introduction	2
The Null   Hypothesis	3
Selecting of the Test	3
Factors Affecting the T Test	3
Checking for equal Variances F test	4
Checking for a Normal distribution	5
Calculation of T test	7
Alternative Tost Equivalence Test	10
Conclusions	13
Bibliography	14






















[bookmark: _Toc533950768]Introduction
The purpose of this report is to analyse sample sets of data with a view to identify if there is a significant difference between younger and mature students on their perceived satisfaction with their university experience. 
A sample was taken from the population of ten mature students (aged between 45 and 62) and ten younger students (aged between 17 and 20). Both sample sets took the same university experience satisfaction test and the scores ranged from 0 to 60.  A high score would be indicative of a student who thinks that they were highly satisfied with their student experience, whereas, the reverse is true for a lower score. 
The assignment will first come up with a Null and alternative hypothesis. Thereafter, the assignment will look to find appropriate tests to measure significances of both sample sets. In selecting the appropriate test, the assignment will look logically at different tests available. This assignment will then show that the Student T test is an appropriate choice. The assignment will examine what inputs are needed to conduct the T test and see if the data sets are satisfactory. 
This will be done by following these steps;
· by first checking to see, if the variance is the same using an F test. 
· checking to see, if the results are normally distributed. This will be done by firstly plotting the results, then conducting the following tests; 
· Shapiro-Wilk test, 
· Anderson-Darling test, 
· Lilliefors test 
· [bookmark: _GoBack]and the Jarque-Bera test.

· After doing the above tests the assignment will conduct the first T Test. 
· The assignment will attempt to remove outliers from the results before re-conducting the T Test. 
· [bookmark: _Toc533950769]Lastly, the assignment will, check if the means of the samples are equivalent by conducting a Tost Equivalence Test.
The Null   Hypothesis 
Before selecting the appropriate test, this assignment needs to establish a suitable Null and alternative Hypothesis i.e. H0 and H1.   [1] [2]
This paper has set the default positions of hypothesis as follows;
(H0) assumes that there is a difference between the true mean (μ) of the mature students and the comparison value (m0) of the younger students is equal to zero. 
 (H1) assumes that the difference between the true mean (μ) of the mature students and the comparison value (m0) of the younger students is not equal to zero. [3]

[bookmark: _Toc533950770]Selecting of the Test
To test this hypothesis, two tests were considered, which are, the Student T Test and the Anova Test. The difference between the two is the Anova Test can be used for any number of sample sets and the T Test can only be used for two. The report used the Student T Test because it had all the features needed to conduct the test, its simplicity and there only two sample sets.  [1] [2]

[bookmark: _Toc533950771]Factors Affecting the T Test 
To conduct the Student T Test the sample sets, have to meet a certain criterion, which are as follows;
· are the samples random
· Are the sample sets paired or unpaired 
· are variances of the sample sets the same
· do the samples form a normal distribution curve [3] [1]

 The first consideration is, are the sample sets random. One check for randomness is the Pearson's chi-squared test. However, because to run the Pearson's chi-squared test one needs to know the expected (theoretical) count E (see fig 1), it is not possible to conduct this test. Therefore, this assignment will assume that the samples are sufficiently random. 
[image: ]
Fig 1
The second consideration is, “are the sample sets paired or unpaired”. The sample sets can be considered unpaired because even though we are sampling the same population, the sample sets where taken from different segments. [4] [1] 

[bookmark: _Toc533950772]Checking for equal Variances F test 
Even though the variances of both sample sets are not exactly the same the question which needs to be asked is, are they close enough to conduct a satisfactory T Test of equal variances. [2] [1].  
The variance of the mature students sample set is 75.39 and of the younger students is 72.99. The difference in variance is only 2.4. However, the question which needs to be answered is should a Student T Test with the same variance be conducted or should the variances be treated as different?  To prove this, a F Test needs to be conducted. 
The Null Hypothesis for the F Test is. (Please NB those Hypothesis are just for this test).
H0 the variances of the two samples is the same. 
H1 the variances of the two samples is not the same.
	F-Test Two-Sample for Variances
	

	
	
	

	 
	Variable 1
	Variable 2

	Mean
	44.5
	28.1

	Variance
	75.38888889
	72.98888889

	Observations
	10
	10

	df
	9
	9

	F
	1.032881717
	

	P(F<=f) one-tail
	0.481176435
	

	F Critical one-tail
	3.178893104
	 


Fig 2

From the above table (see fig 2) the f-value is lower than the F critical value, therefore we accept the null hypothesis that two populations have equal variances. Therefore, this assignment will conduct a standard T Test instead of the Welch's t-test which assumes unequal variances. [5]

[bookmark: _Toc533950773]Checking for a Normal distribution 

Fig 3
For the Student T test to work it is important for the sample elements in both sample sets to form a normal distribution curve [1]. From the above chart (see fig 3), where series1 is the matured students and series2 is younger students, it is unclear whether the bell-shaped is formed in either sample sets. Therefore, to answer the question of whether our samples are normally distributed, other tests need to be conducted.  This was done using four tests;
· Shapiro-Wilk test
· Anderson-Darling test
· Lilliefors test 
· Jarque-Bera test 

For all 4 tests new hypotheses where formulated; 
· H0: The variable from which the sample was extracted follows a Normal distribution.
· H1: The variable from which the sample was extracted does not follow a Normal distribution. (Hypothesis generated in Xstat)
For both sample sets all tests conducted computed a p-value (see fig 4) which was greater than the significance level alpha=0.05, therefore, the null hypothesis cannot be rejected H0 and both sample sets follow a normal distributed curve. 

	Variable\Test
	Shapiro-Wilk
	Anderson-Darling
	Lilliefors
	Jarque-Bera

	Mature
	0.238
	0.252
	0.171
	0.363

	
	
	
	
	




	Variable\Test
	Shapiro-Wilk
	Anderson-Darling
	Lilliefors
	Jarque-Bera
	

	Younger
	0.781
	0.742
	0.709
	0.734
	

	
Fig 4

	
	
	
	
	


[bookmark: _Toc533950774]Calculation of T test
Now that randomness of samples has been checked, the sample sets are normally distributed and that the variances are equal, we can conduct our first T test. The table below (see fig 5) shows all the information needed to do the calculations.

	t-Test: Two-Sample Assuming Equal Variances

	
	
	

	 
	Mature
	Younger

	Sum
	445
	281

	SD
	8.682677518
	8.543353492

	Mean
	44.5
	28.1

	Variance
	75.38888889
	72.98889

	Observations
	10
	10

	Pooled Variance
	74.18888889
	

	Hypothesised Mean Difference
	0
	

	df
	18
	

	Difference of Variance
	2.4
	





	
	0.1
	0.01
	0.02

	t Stat
	4.257546666
	4.257547
	4.257547

	P(T<=t) one-tail
	0.000236832
	0.000237
	0.000237

	t Critical one-tail
	1.330390944
	2.55238
	2.213703

	P(T<=t) two-tail
	0.000473663
	0.000474
	0.000474

	t Critical two-tail
	1.734063607
	2.87844
	2.55238



Fig 5
The results above (see fig 5) are of the t test. Therefore, because the T Stat is larger than the t Critical the null hypothesis is rejected. However, it is important for the results to be valid 
 to take account of outliers. 
Outliers
To ensure that sample data measurements do not lie an abnormal distance from others, it is important to calculate what the outliers are. [6] Outliers can be defined "as observation in a data set which appear to be inconsistent with the remainder of the set of data" [7] To calculate the outliers, it is important to calculate the first and the third quartiles. Having found the quartiles, we then find the interquartile range which will be used to calculate the upper and lower bounds. Using that lower and upper bounds we then calculate the outliers in the data (see fig 6). 

	
	Mature
	Younger

	Quartile 1
	40.5
	22.5

	Quartile 3
	50.25
	35.5

	Interquartile Range
	9.75
	13

	Upper Bound
	64.875
	55

	Lower Bound
	25.875
	3


Fig 6 
From the table below, it is clear that there is only one outlier value (see fig 7). This is found in the mature sample set. 
	Mature
	Outlier Mature
	Younger
	Outlier Younger

	45
	FALSE
	34
	FALSE

	38
	FALSE
	22
	FALSE

	52
	FALSE
	15
	FALSE

	48
	FALSE
	27
	FALSE

	25
	TRUE
	37
	FALSE

	39
	FALSE
	41
	FALSE

	51
	FALSE
	24
	FALSE

	46
	FALSE
	19
	FALSE

	55
	FALSE
	26
	FALSE

	46
	FALSE
	36
	FALSE


 Fig 7
The table above shows(see fig 7) which the values are outliers by marking them with the value true. 


 
Fig 8
A second test for outliers was conducted which looked at the Z score (see fig 8) for each sample elements. The tables above show the Z score for both sample sets. Only one observation, which is in the mature table, is found lying an abnormal distance from the others. It is important to note that if you remove the outliers the value of n changes. Therefore, when calculating the T test again the calculation will be based on unequal sample sizes. 
	t-Test: Two-Sample Assuming Equal Variances

	
	
	
	
	

	 
	1
	0.01
	0.02
	

	df
	17
	
	
	

	t Stat
	5.514311
	5.514311
	5.514311
	

	P(T<=t) one-tail
	1.9E-05
	1.9E-05
	1.9E-05
	

	t Critical one-tail
	1.333379
	2.566934
	2.223845
	

	P(T<=t) two-tail
	3.79E-05
	3.79E-05
	3.79E-05
	

	t Critical two-tail
	1.739607
	2.898231
	2.566934
	


Fig 9
With the removal of outliers, the variance of the sample set of mature students is reduced. The difference in variances of the sample sets without outliers is now 40.99 and with the outliers in situ  2.4.  In the new results (see fig 9) of all significance levels, at p=0.10, p=0.01 and p=0.02, the t Stats values and the T Critical values increases. Nevertheless, this report still rejects the null Hypothesis because the T Stat value is greater than the t critical value.  
[bookmark: _Toc533950775]Alternative Tost Equivalence Test
The T test tells us, from the above results, that the mean of the two samples are not the same. However, it does not show whether the means are equivalent. To find this out we need to conduct an equivalence test. 
“In a standard t-test of the means, the null hypothesis assumes that the population mean is the same as a target value or another population mean. Thus, the burden of proof falls on proving that the mean differs from a target or another population mean. In equivalence testing, the null hypothesis is that the population mean differs from a target value or other population mean. Thus, the burden of proof is placed on proving that the mean is the same as a target or another population mean.” [8]
Based on the results of the sample sets without outliers a Tost Equivalence Test was conducted. 



	Summary statistics:
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Variable
	Observations
	Obs. with missing data
	Obs. without missing data
	Minimum
	Maximum
	Mean
	Std. deviation

	Mature
	9
	0
	9
	38.000
	55.000
	46.667
	5.657

	Younger
	10
	0
	10
	15.000
	41.000
	28.100
	8.543

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	TOST (Equivalence test):
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	90% confidence interval on the difference between the means:
	
	
	
	

	] 12.709,
	24.424 [
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Test
	Value
	
	
	
	
	
	

	Lower bound (TOST)
	0.000
	
	
	
	
	
	

	Lower bound (90 %)
	12.709
	
	
	
	
	
	

	Upper bound (90 %)
	24.424
	
	
	
	
	
	

	Upper bound (TOST)
	0.000
	
	
	
	
	
	

	Test interpretation
	Not equivalent
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	










	
	
	
	
	
	
	

	TOST (Equivalence test) 2:
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Test
	Difference
	t
	t(Critical value)
	DF
	alpha
	p-value
	

	Upper
	18.567
	5.514
	1.740
	17.000
	0.050
	< 0.0001
	

	Lower
	18.567
	5.514
	-1.740
	17.000
	0.050
	1.000
	

	Total
	 
	 
	 
	17.000
	0.050
	1.000
	


Fig 10


From the above (see fig 10) data the Tost Test showed that the two means were not equivalent. Therefore, both tests, one for equal means (T Test) and second for similar or equivalent means (Tost test ) have meant that this report can conclude that, the means are neither equal nor are the equivalent in anyway. 



[bookmark: _Toc533950776]Conclusions
This report has analysed two data sets with a view to identify if there were significant differences between younger and mature students on their perceived satisfaction with their university experience. The assignment formulated Null hypothesis which stated that the means of the two samples were the same.  The assignment examined the conditions necessary to conduct a T test. These where
· The samples must be random
· The assignment ascertained it could not conduct a test for randomness using the Pearson's chi-squared test because the E value was unknown. 
· To check if the sample sets were paired or if they were unpaired 
· This was done by critically looking at the sample results with the view to ascertain a relationship between samples.  No pairing was discovered; therefore, the sample sets were considered unpaired.
· To check to see if variances of the sample sets were the same
· An F Test was conducted to check the variances. F test showed that the variances of the two sample sets were the same.
· The sample must be normally distributed [w]
· The sample sets followed a normal distributed curve. This was proven by conducting the following tests Shapiro-Wilk test, Anderson-Darling test, Lilliefors test and the Jarque-Bera test. 
To ensure that sample data measurements do not lie an abnormal distance from each other, outliers where accounted for and removed. The T Test was conducted before and after the removal of outliers. The results of both T test showed that for all significance levels i.e. p=0.10, p=0.01 and p=0.02 T Stat was larger than the t Critical therefore the null hypothesis was rejected. Lastly an alternative test was done this time to check for equivalence of the means. Unlike the T test which checks if the means are the same, the Tost Equivalence Test checks if the means are equivalent to each other. However, this test proved that the means where not equivalent. 
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Check for 	Normal distribution

45	38	52	48	25	39	51	46	55	46	34	22	15	27	37	41	24	19	26	36	



Z-scores Mature Students
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Z-score

Z-scores  Younger Students
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Z-score
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Calculating the test-statistic [edit]

The value of the test-statistic is

= (0; — E;)? ", (0;/N - p)*
2
= =N

X ; E; ; Pi
where

X2 = Pearson's cumulative test statistic, which asymptotically
approaches a X2 distribution.

O; = the number of observations of type i.

N = total number of observations

E; = Np; = the expected (theoretical) count of type i, asserted by
the null hypothesis that the fraction of type i in the population is p;
n = the number of cells in the table.

The chi-squared statistic can then be used to calculate a p-value by
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