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[bookmark: _Hlk534663684]A. Introduction
Statistics is a method of collecting, analysing, interpreting and presenting data. Statistical tests and analysis are carried out on datasets of different levels of complexity, with the aim of presenting data in a manner that is visually clear and easy to understand. Uncertainty and variance are the two key concepts in statistics [1]. Generally, uncertainty means unpredictability. In some situations, such as in exam results, the outcome may have been determined already, but may be still be unknown and unpredictable. The variance measures how far each number in the set is from the mean. Variance is a measurement of the spread between numbers in a data set.
Probability is a mathematical language, which plays a vital role in statistics. Any measurement or data collection is subject to a source of variance [2]. 
The main aim of statistics is to convert raw data into something meaningful and readable [3]. For instance, based on an individual’s requirements and risk profile, statistical models are used to calculate the risk of giving insurance to that person by some business. Statistical models have similar applications across various disciplines and fields. 
Below is the detailed analysis of the given data in relation to the satisfaction levels of mature and young students. The report includes the development of hypotheses for testing, the measures of centre and distribution (mean, median, and mode), formulation of hypothesis, calculation of statistical significance, testing the hypothesis and thereby rejecting or accepting the null hypothesis. Where there are any problems with the available data or issues detected during data analysis, these have been highlighted. 
B. Hypotheses:
This report will test two sets of alternate and null hypotheses [4]. Set 1 is presented below and Set 2 is used in section G to answer the task question on what other features of the data appear during the investigation of the dataset.
Hypothesis Set 1: Initially, this report will aim to answer the given task for Assignment 1: Data Analysis.  This is to identify if there is a significant difference between the two groups, through a two-tailed test.  
Ha: There is a statistically significant difference between the university experience satisfaction of Mature students (MS) and the Young students (YS).
		Ha: µMS ≠ µYS 
Null hypothesis, which is opposite to the alternate hypothesis is:
H0: There is no statistically significant difference in the university experience satisfaction of Mature students (MS) and Young students (YS).
		Ho: µMS = µYS
C. Data visualisation – Bell Curve
Bell curves [2] for mature students (Figure 1) and younger students (Figure 2) were prepared as below. Both show that the data is normally distributed because the majority of the data 68% fall within one standard deviation on both sides. For mature students 68% of scores fall within 35.82 to 53.18 which is Mean ± 1*SD. 
Figure 1: Bell curve for Mature Students
 
Figure 2: Bell curve for Young Students

For mature students 68% of scores fall within 19.56 to 36.64 which is Mean ± 1*SD.
D. Measures of central tendency
Mean, median and mode are the most commonly used measures of Centre Tendency and are considered basic descriptive statistics that are a good starting point to understand the data. Calculations were done in MS Excel for these measures of central tendency, alongside some additional measures as below.

Table 1: Measures of central tendency for the two groups and for the total sample
	Measures
	Mature Students
	Young Students
	Total Sample

	Mean
	44.5
	28.1
	36.3

	Median
	46
	26.5
	37.5

	Mode
	46
	23.3
	46

	Standard Deviation
	8.682677518
	8.543353492
	11.57626883

	Sample Variance
	75.38888889
	72.98888889
	134.01

	Range
	30
	26
	40

	Minimum
	25
	15
	15

	Maximum
	55
	41
	55

	Sum
	445
	281
	726

	Count
	10
	10
	20



Table 1 shows that the mean for the mature students  = 44.5 is greater than for the young students  =28.1. However, we do not yet know if there is a statistically significant difference in the means across these two groups. This can be answered through inferential statistical tests, but this would be subject to error because the tests would be conducted on a small sample instead of the whole population [5].
There are two types of errors - they are Type I and Type II.  Type 1 error is the rejection of a true null hypothesis and can be avoided by choosing a smaller level of significance, α, while doing the statistical test [6].  Therefore, α = 0.01 has been chosen for the test below.  Type 2 error, on the other hand, is the acceptance of a false null hypothesis and can be avoided by ensuring the sample size is large [7].  This, however, cannot be addressed as we have been given a fixed, small dataset.  Therefore, there is a greater chance for Type 2 error in the test below.
E. Testing of the hypothesis to significance level in section B, to p=0.01
H0: There is no statistically significant difference in the university experience satisfaction of Mature students (MS) and Young students (YS).
		Ho: µMS = µYS
In order to test the null hypothesis, different statistical tests are available based on criteria such as whether the data is continuous or discrete and the number of groups [8]. As satisfaction scores are considered continuous data and because there are only two groups, the t test has been chosen to test the null hypothesis for this dataset. The analysis of variance (ANOVA) is used when there are greater than two groups, which is not the case here – therefore this has not been used.







	[bookmark: _Hlk534548732]Table 2: t-Test: Two-Sample Assuming Unequal Variances
	
	

	
	
	

	 
	Mature Students
	Young Students

	Mean
	44.5
	28.1

	Variance
	75.38888889
	72.98889

	Observations
	10
	10

	Hypothesized Mean Difference
	0
	

	Df
	18
	

	t Stat
	4.257546666
	

	P(T<=t) one-tail
	0.000236832
	

	t Critical one-tail
	2.55237963
	

	P(T<=t) two-tail
	0.000473663
	

	t Critical two-tail
	2.878440473
	 



Since it is a two-tailed test [9], at p=0.01 and degrees of freedom (df) at 18, the corresponding critical value is 2.88 in the t-table log.  This matches the obtained t critical two-tailed value in Table 2 above, providing further validation that the test above is correct.  In Table 2, the t Stat value is 4.25, which is greater than t critical value 2.88.  As a result, the null hypothesis can be rejected.  Also, the α set at 0.01 for the t test above is greater that the P two-tailed value 0.0004 in Table 2 above, again proving that the null hypothesis can be rejected.
This means that the alternative hypothesis below (from section B) can be accepted.
Ha: There is a statistically significant difference between the university experience satisfaction of Mature students (MS) and the Young students (YS).
		Ha: µMS ≠ µYS
F. Outlier
i. Identifying outliers: Outlier means having either extreme high value or extreme low value [10].  It is important to check for outliers to ensure that the mean, median and mode are accurate reflections of central tendency.  As the provided dataset appears to be a normal distribution (Figure 1), it is likely that there are no major outliers.  However, in order to confirm this and ensure the distribution is not skewed by an outlier, it is still good to check for the same. 
The presence of the outlier in the data was checked individually for each group using Interquartile Ranges (IQR). IQR is a way of measuring variability in data by dividing the dataset into four parts or quartiles, with the values that separate the quartiles called Quartile 1, Quartile 2 and Quartile 3 (Q1, Q2, Q3).  Q1 is the median of the upper half of the data, Q2 is the median of the entire dataset and Q3 is the median of the lower half of the data. IQR = Q3-Q1 and an outlier is a value in the dataset that falls outside the lower and upper bounds of the data, which is calculated as below:
· Lower Bound = Q1-(1.5*IQR)
· Upper Bound = Q3+(1.5*IQR)
 Table 3: Measure of Interquartile Range for the two groups
	Measurement
	Mature Student
	Young Students

	Q1
	40.5
	22.5

	Q3
	50.25
	35.5

	IQR
	9.75
	15

	Upper Bound
	64.87
	55

	Lower Bound
	25.87
	3



Based on above, for mature students, the only score that does not fall between the lower bound and upper bound (i.e. values that are < 25.87 or > 64.87) is 25. This is near to the lower bound value and can be considered as a minor outliner.  The young student group does not have any score that falls outside the upper bound and lower bound; therefore, no outlier was found in this group.
A scatter plot representation showing one outlier (25) in mature students and no outliers in young students is below.
Figures 3a: Scatter plot showing one outlier (25) in mature students
Figure 3b: Scatter plot showing no outliers in young students

ii. Effect of identified outlier(s) on outcome: There is no major outlier value identified above. 25 is the value in the mature student group that has been identified as a minor outlier; this does not appear to influence the outcome as the median and mode are close to the mean.
G. Any other features of data that appear during investigation of the dataset
Hypothesis Set 2:  In the testing of hypothesis Set 1 in section B earlier, the report found that there was a statistically significant difference between the means of the two groups.  However, that does not indicate what direction the difference is in.  Therefore, this report has undertaken an additional set of analysis as below to find out the direction of that difference.
Ha: The university experience satisfaction of mature students (MS) is greater than that of young students.
		Ha = µMS ˃ µYS
Null hypothesis, which is opposite to the alternate hypothesis is: 
Ho: The university satisfaction experience of mature students is less than or equal to that of young students.
		Ho= µMS ≤ µYS 
We can test the above with the help of the one-tailed test results available in Table 2 above.
One tail hypothesis testing
Since it is a one-tailed test, at p=0.01 and degrees of freedom (df) at 18, the corresponding critical value is 2.55 in the t-table log.  This matches the obtained t critical one-tailed value in Table 2 above (2.55), providing further validation that the test above is correct.  In Table 2, the t Stat value is 4.25, which is greater than t critical value 2.55.  As a result, the null hypothesis can be rejected.  Also, the α set at 0.01 for the t test above is greater that the P one-tailed value 0.0002 in Table 2 above, again proving that the null hypothesis can be rejected.
This means that the alternative hypothesis in Set 2 can be accepted.
Ha: The university experience satisfaction of mature students (MS) is greater than that of young students.
		Ha = µMS ˃ µYS
H. Any other factors that might affect the results and how to control for them
The dataset currently does not provide information on the course details, the socio-economic background, demographic information like gender or the prior professional experience of the students.  For instance, if the mature students had prior work experience and did well on the courses overall, then that may have influenced how they feel about the university.  Also, we do not know what courses the two groups took and how those courses were evaluated by students.  If the mature students generally went on a course that happened to be better taught and young students went on a course that was not popular, that may again influence how they felt about the university overall.  Similarly, socio-economic status may influence satisfaction of university experience.  Also, the age range for young students in narrow (17-20) compared to mature students (45-62). These are the few factors that can be considered which might affect the results.
In order to take these into account, firstly this additional information needs to be gathered and these confounding variables should be controlled for using regression analysis.
[bookmark: _Hlk534659391]I. Conclusion
Report has considered the given data and carried out the necessary tests.  The t-test showed that there was a statistically significant difference between the university experience satisfaction of Mature students and the Young students. However, it did not show the direction of difference. So, a further one-tailed t test was carried out and it showed that university experience satisfaction of mature students was greater than that of young students, but it is difficult to say what the influence of other confounding variables are.  More information is needed to fully confirm the hypothesis.
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Normalize


Young Students

2.480000000000004	3.3340000000000041	4.1880000000000042	5.0420000000000043	5.8960000000000043	6.7500000000000044	7.6040000000000045	8.4580000000000037	9.3120000000000029	10.166000000000002	11.020000000000001	11.874000000000001	12.728	13.581999999999999	14.435999999999998	15.289999999999997	16.143999999999998	16.997999999999998	17.851999999999997	18.705999999999996	19.559999999999995	20.413999999999994	21.267999999999994	22.121999999999993	22.975999999999992	23.829999999999991	24.68399999999999	25.53799999999999	26.391999999999989	27.245999999999988	28.099999999999987	28.953999999999986	29.807999999999986	30.661999999999985	31.515999999999984	32.369999999999983	33.223999999999982	34.077999999999982	34.931999999999981	35.78599999999998	36.639999999999979	37.493999999999978	38.347999999999978	39.201999999999977	40.055999999999976	40.909999999999975	41.763999999999974	42.617999999999974	43.471999999999973	44.325999999999972	45.179999999999971	46.03399999999997	46.88799999999997	47.741999999999969	48.595999999999968	49.449999999999967	50.303999999999967	51.157999999999966	52.011999999999965	52.865999999999964	53.719999999999963	5.1895180467658169E-4	6.9701784774892908E-4	9.2686786685947987E-4	1.220249978269626E-3	1.5905116198695099E-3	2.0524942029939743E-3	2.6223103389745824E-3	3.3169833421078676E-3	4.1539335885516929E-3	5.1503039789727399E-3	6.3221272263686255E-3	7.6833506761916385E-3	9.2447492155613726E-3	1.1012772526567549E-2	1.2988388135767619E-2	1.5165994808652416E-2	1.753249012128159E-2	2.0066579865082819E-2	2.2738413932460518E-2	2.5509622603343138E-2	2.8333808491702951E-2	3.1157523407348314E-2	3.3921727489634956E-2	3.6563692431705042E-2	3.9019274343302046E-2	4.1225448098864088E-2	4.3122967248632696E-2	4.4658994784604687E-2	4.5789542620076791E-2	4.6481562936418246E-2	4.6714552740214604E-2	4.6481562936418253E-2	4.5789542620076826E-2	4.4658994784604722E-2	4.3122967248632751E-2	4.1225448098864158E-2	3.9019274343302122E-2	3.6563692431705125E-2	3.3921727489635053E-2	3.1157523407348411E-2	2.8333808491703038E-2	2.5509622603343229E-2	2.2738413932460608E-2	2.0066579865082906E-2	1.7532490121281673E-2	1.5165994808652496E-2	1.2988388135767694E-2	1.1012772526567615E-2	9.2447492155614281E-3	7.6833506761916862E-3	6.3221272263686672E-3	5.1503039789727789E-3	4.1539335885517224E-3	3.316983342107894E-3	2.6223103389746011E-3	2.0524942029939925E-3	1.5905116198695268E-3	1.2202499782696372E-3	9.2686786685949136E-4	6.970178477489371E-4	5.1895180467658819E-4	
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