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[bookmark: PointTmp]Abstract – Universities around the world must get in involved with Data Analysis. Why? To stay ahead in the competition. Having this knowledgeable advantage will allow the university to clearly understand and record the student experience through a quantitive data set, which in order to improve quality of life and overall satisfaction for future students, this is necessary. 

In the scenario given, it is possible to use various mathematical tools in Microsoft Excel to analyses student satisfaction in detail with the data supplied by the university campus through a yearly questionnaire.

This report is split into sections for which the exercise was complete in chronological order, starting with a Hypothesis based around the data supplied by the university. Further going on to test the data with Graphs, t-Test and Anova Test, along with working out simple Central Tendencies like Mean, Median, Mode and Range.
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[bookmark: _Toc534406890]Introduction
During university, students are expected to give an overall score of satisfaction which allows the university to further improve the quality of life for students for whom are thinking of joining or continuing further study, along with advertisement benefits that entice interested students to look join higher education at university. 

These questionnaires that are given out are very important in order for the university to evaluate trends to better improve themselves over other universities around the world. “Across business, industry, government and other areas of human endeavour, vast amounts of data are being accumulated and processed to develop understanding of people’s activities, and to optimise organisational processes and outputs.” [1]

In order to better understand the data set given, it can be further analysed by various methods. Such examples will be seen and discussed later throughout this report, these such methods are the t-Test and Anova Test.

Data is defined by AED (Academy for Educational Development) as “factual information” [2], it is believed that data has no exact meaning, more to the point that data requires further interpretation before it becomes meaningful information. 

In this scenario a data set has been supplied by a university, this university gave a questionnaire out to all of their student in order to receive satisfaction scores from each other their students. Before interpreting the data set further, the data type must be recognized. 
[bookmark: _Toc534406891]Types of Data
There are two main types of data in data analysis, qualitative data and quantitive Data. Both of these Data Analysis terms are very important to help examine the data further, without knowing it is hard to know exactly what tests to carry out in order to examine the data set further.
[bookmark: _Toc534406892]Qualitative Data
Qualitative data, also known as categorical data/descriptive statistics. A simple example of qualitive data could be that a fish is blue, with yellow and black stripes. Most of the time this type of data analysis is used to primarily to further understand linguistic material, statements that’s could describe issues, experiences, an object or person in great detail. [3]
[bookmark: _Toc534406893]Quantitive Data
The main difference between both types of data is that quantitive data relies primarily on the collection of numerical figures, that can then be further analysed using mathematically based methods [4]. In the scenario given, the universities data set is based around numerical statistics making the data quantitive, with list of satisfaction scores supplied by mature and young students throughout the university.
[bookmark: _Toc534406894]Hypothesis 
After a in depth introduction into the scenario of this report, a hypothesis must be discussed in order to achieve any result with the information supplied by the university. Most of the time a hypothesis is given in order to “speculate upon the outcome of a research or experiment” [5].

In this scenario, it is believed the hypothesis is that mature students come out of university each year with a high level of satisfaction than the younger set of students in the university, this can clearly be seen at first glance in Fig 1. Despite how clear the satisfaction level appears to be significantly higher in mature students than younger, further tests can still be made in order to support the hypothesis.

[image: ]
Figure 1. Satisfaction results supplied by the university for Mature and Younger Students. [6]

The outcome of further testing could potentially prove the opposite to the given hypothesis, perhaps the younger students have a higher satisfaction score? A Null Hypothesis would then occur, the null hypothesis (also named “zero effect”) has “no main effect of some independent variable, or no interaction between two independent variables.” [7] In this scenario, mature students (variable one) would not have a higher satisfaction level than younger students (variable two). 


[image: ]
Fig 2. An example of how a business/organisations applies analysis to the data collected. [8]
[bookmark: _Toc534406895]Excel / Testing 
[bookmark: _Toc534406896]Normal Curve / Testing Graphs
The Normal Curve also known under probability distribution or normal distribution [9], is a “Bell” shaped graph that helps to understand statistical scores used in everyday life as seen in fig 2. The Normal curve as seen in full in Fig 4, is beneficial in order to understand and interpret a wide range of datasets.
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Figure 3. An example of an ideal distribution from 1961, showing the number of students who did and did not get into colleges with review to their SAT exams. [10]

Before making graphs to fit the universities scenario, simple organisational analysis must take place, by creating simple ranges for example in this scenario. The first range for mature students was 25-30, using group ranges allows for a clearer understanding when studying the graphs. For example, in Graph 1 range 37-42 has 1 point on the graph with 2 students who gave a satisfaction score between said range. Without grouping the scores together, the graph would have an increased amount of points making it harder to read and understand.  
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Graph 1. This graph shows a “Bell Curve”, with a low point of 0 for the range 31-36 and a high point of 4 scores given in the 43-48 range. 

[image: ]
Graph 2. This graph shows the grouped ranges of Younger Students satisfaction scores. 
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Figure 4. Satisfaction scores from both mature and young students with the grouped ranges, before creating graphs to support data.

However, it is believed with more data supplied in the sample data supplied in Fig 1, the Younger Students curve in Graph 2 would appear to be smoother with more of a bell curve just like the Mature Student Score in Graph 1.

A term that is also very useful in this scenario is “Skewed Data”. In reference to the creation of the normal curve, this means that one tail is longer than the other. “These distributions are sometimes called asymmetric or asymmetrical distribution as they don’t show any kind of symmetry.” [11] For normal distribution, it would be expected that if a virtual line was separating both halves of the graph, each side would be the mirror image of itself causing a symmetric distribution with no skew.


[bookmark: _Toc534406897]Basics of Analysing Data / Central Tendencies
Basic tests that were carried out in Microsoft Excel were working out the mean, median, mode and range of the data set supplied by the university. By working out these simple calculations it can show basic information that could prove useful for improvement of average scores. 
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Figure 5. An example of calculations works out using Microsoft Excel.
[bookmark: _Toc534406898]Quartiles & Percentiles
Standard Deviation (SD) (fig 3) allows the reader to understand the amount of variation between a set of values. For example, a high deviation means that there is going to be a large variance between the variance and average. This usually results in the data being very unreliable. The opposite being that a low deviation result means for a more reliable result with data that is close to the average. 

The term variance, measures how far each numerical figure is from the mean, median and mode, for example in fig 6 the mean and median are set at 0. This is also called measurements of central tendency, the balance point for the normal curve. However, mode can also be 0 due its potential to be the most occurring numerical figure in the data set. Though it was found only mature students have a mode set at 0. This is called unimode, whereas the younger student’s graph depicts a method called bimodal [12], with 2 peaks rather than 1 (see fig 6).

[image: Image result for central tendency bimodal]
Figure 6. Example of different central tendencies. [13]
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Figure 6. A Bell Curve with standard points of deviation. [14]


This diagram (fig 7) shows that within 1 standard deviation, 68% of all scores will fall in said region on the graph, split in half (2 * 34% = 68%). Whereas, 95% of all scores will fall within 2 standard deviations from the mean. Lastly 99.7% falls within the 3rd standard deviation on the graph. As seen in fig 8. Manual calculations were made by Excel formula in fig 9. Extra calculations were made to support standard deviation in fig 7.

The normal curve can also split into percentiles, which represents different points of the bell curve. For example, comparing fig 7 & 8.  16th & 84th percentile is the space between the standard deviation -1 & 1. Making this the 1st standard deviation (84 – 16 = 68%), this would make the 2nd standard deviation markers -2 & 2 (97.5 – 2.5 = 95%) and lastly the 3rd standard deviation between -3 & 3 (99.85 – 0.15 = 99.7%). This simply states that percentiles represent a certain percentage of data that can be found, for example the 16th percentile, 16% of data is observed below that point on the curve.
[image: ]
Figure 8. An example of the calculations made in Microsoft Excel, in order to work out the previously listed, quartiles and percentiles. 
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Figure 9. An example of a formula used in Microsoft Excel, this is done by selecting an array of results. For this example, this formula is calculating the mature students results 50th percentile, this is done by including 0.5 which represents the 50% also known as the median, mean or mode. 
[bookmark: _Toc534406899]t-Test
A t-Test is a method of testing statistical data, which is used to calculate the means of two variables. “There are two types of statistical inference: parametric and nonparametric methods.” [15]

Parametric tests, (known as normal distribution with equal variance) are simply robust tests that require less data in order to get a more accurate and stronger result. However, if the data is not met based on the criteria for a parametric test with equal variance, the data must be tested with a non-parametric test, for example the Chi-Squared test or Mann-Whitney U Test. [16]

In the example seen in fig 12, it can be seen a two-sample test was implemented in order to gain calculated results. Two sample was selected in order to compare two populations, a paired t-Test is another method of testing data, however this would not be used due to it only being effective when there is two possibly responses for the same set of data. Unequal variance was also selected as seen in fig 10, this is only useful when both sets of variable ranges are not the same, with equal variance only being used if the ranges are the same or close to. 

[image: ]
Figure 10. Showing alternative options for t-Test in Excel.

[image: ]
Figure 11. Showing the next step in completing the t-Test using Excel, with both selected ranges.

The next step as seen in fig 11, was to select both ranges so both variables could be tested for the mean and compared as seen in fig 12. Alpha was then inputted as 0.01 [17] (1%), this is the level of significance, which is simply the probability figure of getting a type 1 error or a type 2 error by adding 1% of randomness, this is also called the critical value. A type 1 error occurs only when the null hypothesis is true and is rejected, whereas type 2 is when the null hypothesis is false, but is not rejected.  
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[bookmark: _GoBack]Figure 12. An example of a t-Test results based on mature and young students with an alpha (p value of 0.01). Variance and observations were also compared between both ranges.
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Figure 13. The original formula for the t-Test calculation, “x” is the mean of both variables ranges, “var” is the standard deviation (SD) of both variable ranges, by then dividing the SD by the number of numbers (n) in each variable the calculation can be completed, as seen below. [18]

[image: ]
Figure 12. The stands deviation for both mature and young students. By using this, it is possibly complete the calculation manually.
[image: ]
Figure 14. The complete t-Test calculation. (44 – 27.44 = 16.56), (8.242 = 67.9, 8.102 = 65.61), (67.9 ÷ 10 = 6.79, 65.61 ÷ 10 = 6.56), (6.79 + 6.56 = 13.35), (√13.35 = 3.65), (16.56 ÷ 3.65 = 4.54), by comparing the result 4.54, it can be seen it is rather close to the calculated result in fig 12 (t stat).

Other values that can be seen in fig 11, in this case P(T<=t) one tail and two tail. Linking to the critical value (p value), two tail and one tail refers to the ends of the curve as seen in fig 13. If the p value is 0.5, by halving the significance for both sides of the curve, results in 0.25 each tail end of the curve. “When using a one-tailed test, you are testing for the possibility of the relationship in one direction and completely disregarding the possibility of a relationship in the other direction.” This means compared to fig 15, the full significance value of 0.5 stays one tail end of the curve. [19]


[image: ]
Figure 15. An example of two tailed significance with an alpha of 0.5. [20]
[bookmark: _Toc534406900]Anova Test
Anova, also known as Analysis of Variance. “A statistical tool used to detect differences between experimental group means.” [21] As seen in fig 18, using excel functions it is possible to calculate and then compare using the Anova test. 

[image: ]
Figure 16. Step one in calculating Anova using Excel, very similar steps to calculating the t-Test.

By selecting two-factor without replication, this enables Anova to compare the differences between the two groups means, it does this by something called factors and splitting two independent variables. For better understanding, in this scenario it helps test the interaction between ages, mature, young and both variables satisfaction level. Whereas, single factor is only used when there are more than three variables. 
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Figure 17. Step two in calculating the Anova test.

[image: ]
Figure 18. The outcome of using the Anova test.

As seen in fig 18, a lot of data was produced by conducting an Anova test in Excel. The main sets of data to focus on in this is F & F crit, in this scenario F (11.84) is a higher value of F crit (5.11), focusing on columns rather than rows because the data is split into columns rather than rows. This means that the two variables are not equal at all, which means the rejection of the null hypothesis. In order to compare the difference t-Test must be used to test each pair of means. 

Other important information that can be seen, for instance SS also known as the sum of squares. This simply indicates that’s the data is further away from the central tendency or mean. With a larger number it shows that there is big difference in the data. Lastly MS (Mean Square) is calculated by dividing the SS value by the DF (Degrees of Freedom), MS usually gives information based on the possibility of errors.
[bookmark: _Toc534406901]Standard Score (Z-Test)

[image: ]Figure 19. Step one, by selecting z-Test in order to calculate standard scores in Excel.
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Figure 20. Step two, selecting the range and inputting the alpha value of 0.5.

[image: ]
Figure 21. The output of previous steps, resulting in the standard scores for mature and young students.

Standard Score (Z) is taking a score from a student, subtracting it from the average, then divided by the standard deviation. "Positive deviation scored indicate positions that are above the mean, and negative deviation scored indicate positions below the mean". [22]

[bookmark: _Toc534406902]Conclusion
To conclude, it can be seen with supported tests made throughout the report that the hypothesis discussed is true and not rejected resulting in no errors. That it the mature students have a higher satisfaction level than younger students. For example, the average for mature students was significantly higher in the t-Test with a slightly larger variance, with the fact that there were 10 students in each group, a clear outcome is that this higher average, the mature students marked more satisfied. By looking at the standard scores in fig 21, it can also prove that mature students are well above the mean.

Anova can also be seen to be working, however it is believed with the possibilities of the t-Test, Anova is pointless despite giving a more in-depth result, mainly due to its lack of knowledge on where the difference in variance lies. It was also found that the amount of errors it is creating was very high, which induces belief of unreliability.

It is also believed that there are two possibilities on why the frequency graphs created are very different as seen in graph 1 & 2. This could be due to the fact that the data set is to small to get a clear picture, or this could be due to the fact that the central tendency is different making the average for mature students different to younger. For example, mature students measured by mean and younger measured by mode, resulting in bimodal results.
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