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What is Statistics and Data Analysis?
Statistics is as a mathematical science used in the collection, organisation, presentation, analysis, and interpretation of data. Data is any value of an interest that can be defined in a measurable manner through figures or numbers. To gain any benefit from the collected data, a range of techniques are employed to derive useful insight, information, to inform on decisions. For example, how is the new teaching method being received by the students?  How is the new student service being received by the students? To answer such questions, a survey would be carried out (collection), the results saved in a spreadsheet (organisation), identification and counting of the number of positive and negative responses (interpreted and analysed) and getting a report done which would include graphical representation such as a pie chart of the results(presentation).
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‘If it exists, it can be measured’ [1].
What is a variable? A variable is a measure that can be expressed in different values. Kerlinger [2], proposed that a variable is a property that takes on different values. A variable, therefore, needs to be described according to its classification base. In research terms, a classification base determines what determination and/or classification a variable could be either one or many of the following: [3]
	Classification base
	Classification

	Causal model
	Independent

	
	Dependent

	
	Extraneous

	
	Intervening

	Study
	Active

	
	Attribute

	Unit of measurement
	Quantitative

	
	Qualitative

	
	Continuous

	
	Categorical / discrete
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It is therefore important to know what kind of variable is contained in the data being analysed. Data, observations, will determine what method of analysis available is employed, what hypothesis and statistical tests available are used, what any conclusions and interpretations can be made and how the presentation of the conclusions could be correct and most effective. When data is collected on all subjects, then the subjects are known collectively as the population. If only a part of the population is selected, this part of the population is known as the sample and the data derived from it known as sample data.
Scales of measurement:
Scales of measurement refer to the assignment of numbers to the variables. Four scales of measurement of variables exist nominal, ordinal, ratio and interval. Each of the scales has a set of rules which define the rules of statistics.
Nominal scale is commonly used in qualitative or categorical variable data e.g. gender data – male or female where the female could be 1 and the male 2. The number in this example is arbitrarily decided and therefore no ranking or relative size is implied [4]. Ordinal scale allows for ranking, where the numbers allow for a rank order to be described and the relationship between the values to reflect a “greater than” perception but it does not inform on the degree of the greatness. The numbers only reflect a relative order of position and are not part of the usual mathematical rules for example 10-9 is not equal to 9 -8. Interval scale gives both an order of merit and the common base of the measure. Therefore, for example in an interval scale, 10-9 is equal to 9-8. However, due to a lack of absolute zero position, it is impossible to draw a meaningful conclusion on any ratios. Ratio scale solves this issue since it has a true zero position and offers equal units of measurement. The zero point does reflect the start of a scale. 
Frequency distribution and measures of centre:
Descriptive statistics include the use of visual aids for example charts, graphs, tables and calculations such as medians, means, standard deviations, quartiles, and effective summarisation. They offer an understanding of the data available. Descriptive statistics are used to describe through measuring and summarising in ways that give a view of the data [5]. It should tell the picture of the data by giving it’s characteristic.  
Inferential statistics refer to the use of results from tests of the sample to inform on what could be happening in the population to a level of confidence expressed as a percentage. A concise example is, ‘the larger the sample size (n) the more confident you can be that your sample mean is a good representation of the population mean [4].’ Inferential statistics can also be described as methods that help inform, make suggested opinions, about the population based on the collected data, known as the sample data [5].
There are three major parts need to conduction a proper sample exercise:
a) Planning and sample design.
b) Data collection
c) Statement of conclusion.
Therefore, in inferential statistics, it is imperative to avoid the issue of “garbage in, garbage out” by placing an emphasis on the source of the sample data. The best “true” picture of the sample will result in giving a clean “true” picture of the population. 
A frequency distribution is a method of organising data in a way the values can be easily summarised either in the form of a table or a plotted graph.  Frequency distribution gives measures of central tendency such as mean, median and mode, and measures of dispersions such as range and standard deviation. Ranges are best used for small samples(n<8) and standard deviation used for larger samples(n≥8) [6].
Hypothesis is an assumption made which could be true or false, while hypothesis testing is the process of discovery of whether the assumptions made are justified through tests. A hypothesis is either null, Ho, depicting the assumption or the alternate hypothesis, Ha or H1, which is the opposite assumption of the null hypothesis. Test statistics is a calculation done to decide whether to reject or accept the null hypothesis. Degrees of freedom is a measure calculated simply as the independent points of data points used in the test statistics and informs on what level to check the test statistic against. 
During any statistical process, errors are easily made especially during the sampling process and in drawing of conclusions after the hypothesis tests. Two basic errors occur Type alpha or Type I (producer’s) error and Type beta or Type II (consumer) error [6]. 
The ability to reject the null hypothesis, Ho, depends on the sample size, alpha (probability level) and effect size. Determining the strength of the effect size is recommended to undertake a power analysis. Three power analysis exist, a priori, post hoc and compromise [6].
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The first step involves locating the highest and lowest scores of the two categories:
	Mature Students
	Young Students

	45
	34

	38
	32

	52
	15

	48
	27

	25
	37

	39
	41

	51
	24

	46
	19

	55
	26

	46
	36
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The highest and lowest scores:  
	
	Mature Students
	Young Students

	Highest
	55
	41

	Lowest
	25
	15
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Using the score, it was possible to calculate the range as:
	
	Mature Students
	Young Students

	Range
	30
	26
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The next step was to determine the size of intervals/classes to create appropriate sizes. It was decided to use a size of 3.
	
	Mature Students
	Young Students

	Range/Size
	(30 / 3)
	(26 /3)

	Classes
	10
	10

	Start point
	25
	13

	Endpoint
	57
	41
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For every interval, there exists a midpoint which is the centre of the interval. It is an average of the upper and lower limits of the range. 
Use of software for data analysis was employed for this report. Microsoft Excel and MINITAB 18 have been used to provide the analysis presented in this analysis report.  
Using descriptive statistics, the calculated measures of centre and distribution is reported below.				
	Mature Students
	Young Students

	Mean
	44.5
	Mean
	28.1

	Standard Error
	2.745703715
	Standard Error
	2.701645589

	Median
	46
	Median
	26.5

	Mode
	46
	Mode
	#N/A
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Young students’ data does not have a mode which means no value has been repeated. The mode and median for Mature students are at 46.  The values of mean and mode(median) are close with a small mathematical difference; Mature students (46 -44.5) = 1.5, and Young Students (26.5-28.1) = -1.6. Since both samples don’t have the data evenly distributed around the mean. It is judged that the data is skewed.
Checking for correlation shows that:
	 
	Mature Students
	Young Students

	Mature Students
	1
	

	Young Students
	-0.530996529
	1

	Conclusion:
	No correlation exists between the two categories
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From the data available, it is difficult to determine the reasons for this moderate correlation. It is noted that despite the result, no conclusion can be drawn as correlation is not causation. 
A histogram created in MINITAB for both groups was done on the same X-axis. Analysis of the histogram visually shows a possible outlier that could exist in Mature Students at value 25. An outlier is an extreme point in the data value that stands out from the rest of the distribution. [7] To better inform on whether it is a true outlier, the Grubbs’ outliers test will be done later.  
[image: ]
Figure 1 Histogram
Possible values of the survey determine the possible X-axis range to be between 0(lowest score) and 60 (highest score).  Since the sample of the Mature and Young students is taken from a student population, my first task is to find out if the student population is normally distributed from the available study data.  Using inferential statistics, a better view of the distribution is realised. To determine, whether the samples follow a normally distributed distribution, using MINITAB an Anderson-Daring test was done. To undertake the test, the hypotheses need to be determined. The null hypothesis, Ho, was that the data followed the normal distribution and the alternate hypothesis, H1, that the data does not follow the normal distribution [8]. We reject the null hypothesis if the p-value is less than the alpha. It is noted from the report that the p-value reported is more than the alpha at 0.1, 0.02 and 0.01. Therefore, it was accepted that the null hypothesis could not be rejected and that the students’ sample is derived from a normal distributed population of students.
[image: ]
Figure 2 Mature Students A-D Test
The Mature students report shows that the data is negatively skewed since the mean is less than the median and mode. 
[image: ]
Figure 3 Young Students A-D Test
The report on the Young students’ data shows that the data is only slightly skewed positively as mean is greater than the median and it too is derived from a normal distributed population.
Since the Anderson-Darling informs that the data is normally distributed, the next step would be to use parametric tests on the unpaired samples. A look at the means shows that they are different with Mature at 44.5 and Young at 28.1. The next step is to use an appropriate parametric test that will not involve the use of the means, an F-Test for a two-sample test assuming equal variance. The variance from previous tests shows Mature at 75.3 and Young at 72.9. The null hypothesis is set that the samples have equal variances and the alternative hypothesis that the samples do not have equal variances. This implies that if F calculated is less than F critical on the tables [9], then the variances are homogenous. Using MS Excel, the calculated F-test is: 
	F-Test Two-Sample for Variances
	
	

	
	
	
	

	 
	Mature Students
	Young Students
	

	Mean
	44.5
	28.1
	

	Variance
	75.38888889
	72.98888889
	

	Observations
	10
	10
	

	df
	9
	9
	

	F observed
	1.032881717
	
	

	P(F<=f) one-tail
	0.481176435
	
	

	F Critical one-tail
	3.178893104
	 
	

	
	
	
	

	Ho (null)
	The samples have equal variance
	

	H1 (alternate)
	The samples have unequal variance
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F table(9,9) [9] at 0.05 = 3.18, at 0.25 = 4.03 and at 0.01 = 5.35. Therefore, at all levels tested the decision was to accept the null hypotheses since F observed is less than F critical. This means it can now be assumed that the two samples have equal variance. The results from the F test allows for the next test to be carried out.  
Having checked for normality assumptions and equal variances assumptions, literature informs that two inferential techniques are available for use at this point. The difference-of-means test, t-test, and the analysis of variance, ANOVA.  
First, it was decided that the t-test for two samples assuming equal variance could be run. To start the null and alternate hypothesis were selected as:
Ho: The mean of the Mature students is equal to the mean of the Young students
H1: The mean of the Mature students is not equal to the mean of the Young students.
MINITAB and MS Excel where appropriate were used to run the t-tests. The first t-test is with alpha at 0.1(see Appendix).
Since the p-value, 0.0047, is less than alpha at 0.1.  It was determined to reject the null hypothesis and accept the alternate hypothesis. The conclusion drawn is that a difference exists between the means of the Mature and Young student and significant at 90% confidence interval.
Next, a two-sample t-test with alpha at 0.02 was done and the result (see Appendix), again was determined to reject the null hypothesis since the p-value is less than alpha at 0.02. The conclusion drawn is that the means of the two samples are different and significant at 98% confidence interval.
A further test of a two-sample t-test with alpha at 0.01 again reported (see Appendix), that the p-value is less than alpha at 0.01. It was determined that the null hypothesis is rejected and the alternative hypothesis accepted. The results are therefore interpreted that there exists a difference between the means of the Mature students and the Young students and it is significant at a 99% confidence interval. 
Since in all three t-tests concluded in accepting the alternative hypothesis, it is possible to run the risk of making a Type I error. 
To be confident of the decision to reject the null hypothesis, it is vital to identify an association of the samples and carry out post hoc analysis using the Scheffe method of post hoc analysis for determining the level of confidence of avoiding the Type I error [4] [10] . 
An ANOVA test in EXCEL was done with the following results:
	Anova: Single Factor
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	SUMMARY
	
	
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	
	
	

	Mature Students
	10
	445
	44.5
	75.38889
	
	
	

	Young Students
	10
	281
	28.1
	72.98889
	
	
	

	ANOVA
	
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F crit
	

	Between Groups
	1344.8
	1
	1344.8
	18.1267
	0.000474
	8.28542
	

	Within Groups
	1335.4
	18
	74.1889
	
	
	
	

	Total
	2680.2
	19
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Strength of Association between the two groups can be calculated from the ANOVA results. The strength of association is represented by Omega square and represents the effects of influence over the other. [4]
w2 = (SSbetween - (dfbetween)(MSwithin)) / MSwithin + SStotal
Equation 1: Strength of Association
Omega squared numerator = 1344.8 – (2-1) * 74.1889 = 1270.611111
Omega squared denominator = 2680.2 + 74.1889 = 2754.388889
Omega squared = 1270.61/ 2754.39 = 0.461304181 = 46.13%
This shows that there is little association between the groups. Also since the F observed, it was determined to reject the null hypothesis of equal means and accept the mean of different means. So how significantly different are the means? To answer that a Scheffe’ method of post hoc analysis was undertaken. [4]
Scheffe’s numerator = 44.5 – 28.1 = 16.4
Scheffe’s denominator =  Square root (74.1889*((1/9)+(1/9)))
			= 4.06034725
C obtained = 16.4/ 4.06034725 = 4.0391
C critical is calculated as  = 8.28542 = 2.878440473
Since the C obtained (4.03) is larger than C critical (2.88), it is possible to conclude confidently that the mature students’ university experience is significantly higher than the younger students. It is possible to declare that the difference in the means is significant and comes from Mature students. 
Finally, to determine if any of the non-sampling errors appear in the analysis, it is right to acknowledge that non-sampling errors occur at different stages in the statistical analysis process. The errors occur right at the beginning from design, planning, analysis and finally in reporting. In this report, errors are considered in the latter two stages. Outliers influence results. To account for any errors due to the influence of the outliers. An outliers test was done on both samples using the Grubbs’ Test [11]available on MINITAB. It was carried out at 99% confidence interval.
Outlier Test: Mature Students, Young Students
Method
	Null hypothesis
	All data values come from the same normal population

	Alternative hypothesis
	Smallest or largest data value is an outlier

	Significance level
	α = 0.01


Grubbs' Test
	Variable
	N
	Mean
	StDev
	Min
	Max
	G
	P

	Mature Students
	10
	44.50
	8.68
	25.00
	55.00
	2.25
	0.067

	Young Students
	10
	28.10
	8.54
	15.00
	41.00
	1.53
	1.000


* NOTE * No outlier at the 1% level of significance

The results are that there are no outliers at the alpha level 0.01 since none of the test p values are less than 0.01, no outliers exist in the data at 99% confidence. However, it should be noted that at 90% confidence, where the alpha value is 0.1, an outlier will exist at value 25 on the Mature Students data since the results on Mature Students the p-value is 0.067 which is less than 0.1. Removal of the outlier shows little effect in the change of the overall outlook of the sample.

Figure 4 Outliers Review

Conclusion:

In summary, from the t-test performed and a review of the results, it is possible to infer that Mature students have a higher satisfaction with university experience than Young students. The mean of the Mature students is higher than the Young students and the difference is real and significant. Confidence is also derived from the Scheffe’ post hoc analysis, which informs that it is possible to conclude confidently that the mature students’ university experience is significantly higher than the Young students.
Issues identified during the analysis include the lack of a large sample size. The sample size informed the availability of statistics to use to analyse the data. The small size of 10 for each of the sample could only allow the use of t-tests. And although standard deviation would be the preferred measure of dispersion for this sample data it was determined through the tests that the sample means could be used instead.  An informed problem with this choice is that smaller samples, increase the chance of making a Type II error. To avoid Type II errors, it would be the recommendation of this report to consider the use of larger sample sizes. 
Outliers were considered in the data analysis and although one of the sample points in the Mature student data is considered an outlier at 90% confidence, it was deemed acceptable to keep it in the sample since at higher confidence intervals at 98% and 99%, the tests showed no outliers exists.
Issues relating to bias could not be addressed in this analysis and have not been considered. Although it is not mentioned in the task description, it was assumed that the trial study subjects were subject to a random sampling process.
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1. Normality Tests
Mature Students Normality Test:
[image: ]
Figure 5 Mature Normality
Young Students Normality Test
[image: ]
Figure 6 Young Normality

2. MINITAB report: t-test at alpha 0.1
Method
	μ₁: mean of Mature Students

	µ₂: mean of Young Students

	Difference: μ₁ - µ₂


Equal variances are assumed for this analysis.
Descriptive Statistics
	Sample
	N
	Mean
	StDev
	SE Mean

	Mature Students
	10
	44.50
	8.68
	2.7

	Young Students
	10
	28.10
	8.54
	2.7


Estimation for Difference
	Difference
	Pooled
StDev
	90% CI for
Difference

	16.40
	8.61
	(9.72, 23.08)


Test
	Null hypothesis
	H₀: μ₁ - µ₂ = 0

	Alternative hypothesis
	H₁: μ₁ - µ₂ ≠ 0



	T-Value
	DF
	P-Value

	4.26
	18
	0.00047
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3. MINITAB result: t-test at 0.02:
Method
	μ₁: mean of Mature Students

	µ₂: mean of Young Students

	Difference: μ₁ - µ₂


Equal variances are assumed for this analysis.
Descriptive Statistics
	Sample
	N
	Mean
	StDev
	SE Mean

	Mature Students
	10
	44.50
	8.68
	2.7

	Young Students
	10
	28.10
	8.54
	2.7


Estimation for Difference
	Difference
	Pooled
StDev
	98% CI for
Difference

	16.40
	8.61
	(6.57, 26.23)


Test
	Null hypothesis
	H₀: μ₁ - µ₂ = 0

	Alternative hypothesis
	H₁: μ₁ - µ₂ ≠ 0



	T-Value
	DF
	P-Value

	4.26
	18
	0.00047


Minitab Results 2: t-test at alpha 0.02
4. MINITAB result: t-test at 0.01
Method
	μ₁: mean of Mature Students

	µ₂: mean of Young Students

	Difference: μ₁ - µ₂


Equal variances are assumed for this analysis.
Descriptive Statistics
	Sample
	N
	Mean
	StDev
	SE Mean

	Mature Students
	10
	44.50
	8.68
	2.7

	Young Students
	10
	28.10
	8.54
	2.7



Estimation for Difference
	Difference
	Pooled
StDev
	99% CI for
Difference

	16.40
	8.61
	(5.31, 27.49)


Test
	Null hypothesis
	H₀: μ₁ - µ₂ = 0

	Alternative hypothesis
	H₁: μ₁ - µ₂ ≠ 0



	T-Value
	DF
	P-Value

	4.26
	18
	0.00047


Minitab Results 3: t-test results at 0.01
5.  GRAPHS
Graphs of the results above are below to visualise the results.

Alpha at 0.05 [12]

[image: http://www.imathas.com/stattools/norm.php?shadep=1&dist=t&df=18&testtype=two&CV=2.10092204&teststat=4.257546666&imgwidth=550&imgheight=200]

Alpha at 0.02
[image: http://www.imathas.com/stattools/norm.php?shadep=1&dist=t&df=18&testtype=two&CV=2.55237963&teststat=4.257546666&imgwidth=550&imgheight=200]


Alpha at 0.01

[image: http://www.imathas.com/stattools/norm.php?shadep=1&dist=t&df=18&testtype=two&CV=2.878440473&teststat=4.257546666&imgwidth=550&imgheight=200]

Alpha at 0.1 

[image: http://www.imathas.com/stattools/norm.php?shadep=1&dist=t&df=18&testtype=two&CV=1.734063607&teststat=4.257546666&imgwidth=550&imgheight=200]
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Mature Students

With Outlier	
45	38	52	48	25	39	51	46	55	46	Without Outlier	
45	38	52	48	39	51	46	55	46	
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