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Abstract – This report is split into two sections. The first section will document the research that has been done to allow the author to test the gathered data from the students to find the satisfaction rating. The second section of the report is where the author tests the hypotheses to find out if the younger or mature students have a higher university satisfaction.
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I. Introduction
The first section of this report will be used to document different topics that relate to research methods and data analysis.  These topics are Frequency Distributions, Descriptive Statistics, Measures of Central Tendency, Correlations, Linear Regression, Inferential Statistics, the t Test, Analysis of Variance, Nonparametric Tests the author will explain what they are and how they are relevant to this report. 

The second section of this report will be used to cover the testing of the collected data. The author will conduct t testing and anova testing to three different significant levels p=0.10, p=0.01 and p=0.02. The author will also look to identify outliers within the data set and investigate how they affect the outcome. This will allow the author to conclude and state if younger or mature students have a higher satisfaction rating of the university experience. 

II. Related Work

A. Frequency Distributions
[1] Frequency distribution can be known as univariate data; this is data with a single variable. The main purpose is to collect, analyse and summarize the data. Frequency distribution can be looked at as six different topics variables, scales of measurement, frequency distributions, graphing data, the Normal curve and skewness. 

1. Variables
[2][3] Variables are used to show things that are different between situations or individuals i.e. hair colour, network speed. There are four different types of variables discreet, this is when it has to be a certain value e.g. one, two, three. Continuous variables can be used with any value e.g. number of students, exam results. Independent variables can be modified to see how they affect the dependant variable that is measured. The paper [4], shows the variables that are used for a wind power generation system and how changing them effects the amount of power generated.  

2. Scales of Measurement
Scales of measurement is the process of assigning variables with numbers. Variables have a range of different rules that are used to determine what values that they can be assigned. There are four types of measurements that can be used Nominal, this is when the variables are assigned by category e.g. age, shoe size. Ordinal, this is when the variables are ranked in size order e.g. smallest to largest, good to bad. Ratio is when things are measured against a zero point e.g. download and upload speed. Interval is used when there is no zero point, but it has equal values of measurements e.g. IQ. 

3. Frequency Distributions
The first step of frequency distributions is to order or sort the gathered data, this is done using a frequency distribution. To create a frequency distribution, both the lowest and highest values must be found. Tally charts can be individual numbers or groups using intervals e.g. 1-5, 6-10 depending on the gathered data. This allows a tally to be created, each value can then be added to create the tally chart. The total for each of the tallies must then be calculated, this allows for the most common score to be identified and any patterns to be identified.  

4. Graphing Data
Graphing data is the process of taking the data from a frequency distribution and displaying it as histograms, frequency polygons or cumulative frequency polygon. When graphing data the X-axis is used for the values or intervals and the Y-Axis is used for the frequency. Graphing data is useful to give a visual representation of the gathered data. 
 
5. Normal Curve
The normal curve was first discovered by a Belgian mathematician called Adolph Quetele. The normal curve was first discovered in 1870 when it was discovered, when measurements of people are plotted on a frequency polygon it gives the same symmetrical shape. 

6. Skewed Distributions
Not all frequency curves are symmetrical like the normal curve. Skewed distributions can be used to show a positive or negative skewed frequency curve. 

B. Descriptive Statistics
Frequency distributions are useful in giving a physical view of the data however sometimes figures are required, descriptive statistics allows an output of a value/number. This is done using an average as the collected data should vary. Descriptive statistics would be useful if there was a need to measure the average network download or upload speed. 

1. Measures of central tendency 
Measures of central tendency can be used to provide a mean, this then shows the level of a set of scores.  The mean is the most common measure of central tendency. Sometimes the median can also be used as a measure of central tendency. This is done by ordering the data and then finding the middle value. The mode is the third measure that van be used, and this is the most common value. 

2. Selecting a measure of central tendency
The best measurement of central tendency depends on the data set. A symmetrical distribution will give the same value for the mean, mode and median. The mean is the middle value, this means it is the most effected value if there is any skewness within the data. When there is skewness within the dataset it is better to use the median as it will give a better representation of the data. 

3. Measures of Variability 
This is used to find how much variance is within the dataset. The mean doesn’t always show this so sometimes the dataset can be better represented using the median or mode.  

C. Measures of Central Tendency
Measures of central tendency are useful when referring to a set of data as it is about the entire dataset. However, it doesn’t show anything about each of the individual scores. This is done by looking at the percentiles and the normal curve.  

1. Normal Curve
The normal curve is a symmetrical distribution from a mathematical idealisation. The normal curve can is created by many data sets and can be used to intercept a range of different datasets. A normal curve will be symmetrical with the mean, unimodal meaning mean is equal to median and mode. 

2. Percentiles
Percentiles can be used to give a percentile rank this will allow the score to be compared to the rest of the dataset fifty percentiles are also known as the median as it is the middle of the data set. 
 
3. Standard scores 
Standard scores are how any comparison between is done on normal curves as they will have different standard deviations and means. The standard score is also sometimes known as the z score. the score is calculated using the formula  in this formula X represents the score and  is the mean (always 0) and SD x is the standard deviation (always equal to 1). 

D. Correlations
Correlation is looking at the relationship between the two sets of data. There are four types of correlation these are correlation coefficient, pearson correlation coefficient, interpreting correlation coefficients and spearman rank correlation.



A. Correlation Coefficient
Correlation coefficient is used within statistics to determine the strength of a relationship between variables.  Correlation coefficient can show the relationship between x and y with values from -1.0 to +1.0. A positive correlation of 1 means both the X and Y axis increase together. A Negative correlation of -1 means both the x and the y axis decrease together. A zero value would mean the two variables are not related.   

B. Pearson Correlation Coefficient 
Pearson correlation coefficient is used to show the relationship between two datasets. There are two letters that are associated with this type of correlation, Greek letter rho (p) is used for population and “r” is used to represent a sample. 

C. Interpreting Correlation Coefficients
Interpreting Correlation Coefficients is used to check if one variable causes an effect on the other if it does then it is known as causation. If causation exists, then it can be used to predict what could happen if the relationship continues. 

D. Spearman Rank Correlation
Spearman rank correlation is like Pearson correlation coefficient however, it is used to measure the direction and strength of the relationship between two variables.  

E. Linear Regression
Linear regression is used to make a prediction with the prediction being as close to the final value as possible. If the correlation is low then the prediction will not be very accurate however, if the correlation is high then the prediction is lightly to be accurate. The regression equation would be . The standard error of the estimate is used to calculate how accurate the prediction will be. 

F. Inferential Statistics
Inferential statistics are used to create predictions when a large population has been sampled. The sampling experiment would mean to sample a selected group of the population e.g. all students in Wales, the only difficulty is to obtain data from all the students. Sample values (statistics) and population values (parameters) is referring to the measuring of the results. A single sample does not allow any idea of the result however, the more data that is collected the more accurate the sample will be. 

The Null Hypothesis is used then research is trying to prove a hypnotises e.g. the network is faster. This means the two variables must have some differences, otherwise it will not allow for the hypothesis to be tested. Type I and type II errors is used to assist the decision of accepting or rejecting the hypothesis, it allows the probability of a type I or II error to be determined. Statistical significance can be used to reduce the risk of a type I error. 

G. The t Test
There are two different types of t tests. The first one is for paired samples and the second one is for independent samples. The t test for independent samples is used when there are two datasets that are not related at all. If the two datasets are related, then the paired samples would be used. The tcritic value is important as it allows for comparison with the value from the t test to find if it is statically significant. The requirements for using the t test for independent samples are that the two datasets must not be related, and there should be no relationship between the two sets of data. Sometimes this is not the case therefore, the t test for non-independent groups would need to be used for the testing. 

The t test for dependant (matched) tests would be used when there is a before and after test. An example of this would be taking a network speed without traffic and one with traffic, this would be a before and after test. Directional tests can also be known as one tailed test. A directional test tcritic represents 0.025 on end of the distribution. Non-directional tests tcritic represents 0.05 at both ends of the distribution as 0.025. The decision on a one-tailed or two-tailed test is done before any data is collected.     

H. Analysis of Variance
Analysis of variance is used when there are more than two samples being used. There is to much of a change of error if there were multiple t tests done, to avoid this ANOVA is used. The ANOVA test can test more than two datasets. ANOVA doesn’t state where there is a significant difference only that there is one so this must be found. This can be done using the Scheffé method of post hoc analysis. This requires the Cobt and Ccritic values to be known. The Cobt is then compared with the Critic. These values are both calculated not just looked up like in the t test. This type of test doesn’t increase the type 1 error rate no matter how many times it is repeated. 

I. Nonparametric Tests
The tests that have been looked at until now have been on measuring or scores, Nonparametric is used when something is not measured or tested. The one-way test of Chi-Square can be used when something is counted. This test does not need scores or measurements, it involves a single variable that is independent. Yates correction for continuity is used when there are only two categories e.g. On/Off, A/B, 1,2.                          

III. Implementation
This section of the document is used to document the research on the university satisfaction ratings between 10 younger and 10 mature students. The scores are from 0 being the lowest to 60 being the highest. This section of the report will include the hypothesis and the alternative hypothesis, these will then be tested using the t test and anova testing to different significant levels. This section additionally looks at the data to find outliers and how they affect the results.

A. Hypothesis
Null Hypothesis – Older Students have a lower university satisfaction rate than younger students. 
Alternative Hypothesis – Older Students have a higher university satisfaction rate than younger students.

B. The Data
There was data that was collected and given within the assignment brief from ten young and ten mature students satisfaction rates, this has been input into the table (Figure 1). This data will be used to prove either the hypotheses or the alternative hypotheses.
[image: ]
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The first step is to order the data, the author has decided to order the data in smallest to largest seen in figure 2. The next step is to work out the mode, this is the most common number being 46. The mean is the middle number being 44.5 and 28.1. The range 30 and 26, this is how much variance there is within the data. The standard deviation is 8.24 and 8.10, this is how much different the values are to the mean.  
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Figure 3 used to show the descriptive statistics that have been done using excel. This is required to find out what type of t test should be conducted. Descriptive statistics shows the difference between the two variances, this then allows the author to choose the appropriate t test. The variances are 75.39 and 72.99, as they are close it means that the author can use the equal variance t test. 
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C. The t Test
The t test that was selected was the equal variance t test. The test will be preformed to three different significant levels, these are p=0.10, p=0.01 and p=0.02.

1. t-Test P=0.10
Figure 4 below shows the t-test that has been performed to a significant value of p=0.10. The degree of freedom is equal to the total subjects -2 so that is 20-2 =18. The t test has given a result of Tobt =4.258. This means Tobt 4.258 and Tcrit = 1.734.  Tobt is greater than Tcrit, so the null hypothesis is rejected, and alternative hypothesis accepted.  
[image: ]
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2. t-Test P=0.01
Figure 5 below shows the t-test that has been performed to a significant value of p=0.01. The degree of freedom is equal to the total subjects -2 so that is 20-2 =18. The t test has given a result of Tobt =4.258. This means Tobt =4.258 and Tcrit = 2.878. Tobt is greater than Tcrit, so the null hypothesis is rejected, and alternative hypothesis accepted
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3. t-Test P=0.02
Figure 6 below shows the t-test that has been performed to a significant value of p=0.01. The degree of freedom is equal to the total subjects -2 so that is 20-2 =18. The t test has given a result of Tobt =4.258. This means Tobt =4.258 and Tcrit = 2.552. Tobt is greater than Tcrit, so the null hypothesis is rejected, and alternative hypothesis accepted
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D. Outliers in Datasets 
The figure below shows the graph that has been used to identify the outliers within the dataset. The data has been plotted and a linear trendline has been plotted for each dataset.  This shows that there is the possibility of one outlier within the mature students with a value of 25. The mean of the data set including this the 25 value is 44.5. The mean of the dataset removing the 25 value is 44.7, this shows there is not a huge difference, so the author has decided to leave the value within the results. However, if there was more data within each category the outliers would be a lot clearer. 
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E. Factors That Might Affect the Results
There are several factors that could affect the results that are not within the dataset. The first factor that could affect the results is experience, more experience would generally give a higher satisfaction rate. The second factor that would affect the result is attendance, this could be affected by other factors like having a family, job etc. The third factor enjoying the course, this increases attendance. The final factor that would affect the results is the course that the students are studying. Different courses are taught by different lectures in different ways, this means people will get different satisfaction rates. 



IV. Conclusion
In conclusion the t test is very helpful in statistics as it allows for a hypothesis to be created and tested. The author thought that mature students would have a better satisfaction rate than younger students and was correct. The author has found this assignment has helped obtain additional knowledge within statistics. This will be useful to take forward and use on other assignments and projects within the future. In the future the author could expand the two datasets to give a more accurate and detailed experiment. 
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t-Test: Two-Sample Assuming Equal Variances (P=0.10)
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t-Test: Two-Sample Assuming Equal Variances (P=0.02)
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