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1. Regression Analysis.
What is regression analysis and what is it used for? Regression analysis is a statistical method that researchers would use to see if there is a link between variables. There are two types of regression analysis, single and multiple. A Single regression analysis is used to find out if there is a connection between a dependent variable and a single independent variable, whereas multiple regression uses two or more independent variables (Anderson, 2018). Below is a set of data showing the final marks of 20 students plus their attendance percentage and study hours.
	Student ID
	Final mark
	Lecture
attendance (%)
	Tutorial
attendance (%)
	Monthly
study hours

	1
	34
	40
	35
	23

	2
	44
	38
	36
	25

	3
	46
	70
	40
	30

	4
	46
	57
	30
	20

	5
	52
	70
	65
	48

	6
	52
	84
	70
	32

	7
	52
	66
	60
	41

	8
	54
	64
	66
	58

	9
	55
	68
	60
	54

	10
	55
	65
	50
	66

	11
	57
	60
	80
	34

	12
	60
	86
	75
	74

	13
	61
	85
	90
	70

	14
	62
	78
	60
	56

	15
	63
	70
	76
	64

	16
	66
	95
	76
	55

	17
	68
	70
	55
	48

	18
	68
	80
	85
	80

	19
	73
	90
	90
	70

	20
	85
	95
	100
	90


 

This would be the type of data sheet someone could use single and multiple regression on, with the final mark being the dependent variable, and the other three being independent variables. The intention of the regression analysis would be to see whether or not it is possible to predict a student’s final mark based on any of the three variables. The way to do this is through linear regression.
1.1. Linear Regression
The purpose of linear regression is to find “a straight line (as by least squares) that best approximates a set of points on a graph” (Merriam-webster.com, 2018). The examples of the Linear regression performed on the above data is shown below.

As shown, each variable has its own regression line, however with all three independent variables present in one chart, it is difficult to see if there are any outliers within the data. Below is individual linear regressions for each variable.



As shown each of the individual graphs have an equation and a value known as the R-squared value. The R-squared value represents the percentage of data plots are accurate when using the trendline formula. With each trendline giving between 60-70%, when trying to predict a final mark for a student, the formula has a two in three chance of being accurate. As shown with the first graph the formula is y=0.5753xX+16.484. Firstly, what is Y and X. Y represents the prediction for the mark while in this case X represents the percentage of lectures the student attended. For example, if a student only appeared in 30% of their lectures the formula would look like this: 
Y=0.5753x30+16.484. Y=33
So, going by the formula the students predicted mark would be 33, which looking at the graph would sit nicely by the line. However, it cannot be decided that the formula is accurate based on just one result. Another example would be needed. So what would happen if a student’s lecture attendance was 80%.
Y=0.5753x80+16.484. Y=63
Again, the predicted mark sits on the line, so it would be safe to assume that this formula would provide an accurate prediction. Each graph however, has different formulas for prediction. Next is to see whether the formula for lecture attendance is accurate, and once again the examples will be 30% and 80%.
The formula for Lecture attendance is: Y=0.4725X+26.959.
Y=0.4725x30+26.959. Y=41      Y=0.4725x80+26.959. Y=65
Once again the formula seems accurate with both results sitting on the regression line.
The formula for monthly study hours is Y=0.4678X+33.371. Again the examples will be 30% and 80%. 
[bookmark: _Hlk503186866]Y=0.4678x30+33.371    Y=47      Y=0.4678x80+33.371    Y=71
Once again it seems that the formula is accurate. However what would happen if one of actual data plots were taken and tested for each. For this example the data plots for student 5 will be tested to see how close the results are to their actual final mark
1. [bookmark: _Hlk503196298]Lecture Attendance. Y=0.5753x70+16.484. Y=57
2. Tutorial Attendance. Y=0.4725x65+26.959. Y=58
3. Monthly Study Hours. Y=0.4678x48+33.371. Y=56
All three results are close together, but how do they compare to the actual data. According to the data Student 5 had a final mark of 52, so each predicted result was close to the actual mark. This example shows that, although not perfectly, it is possible to roughly predict the outcome of a student’s mark. However, like before it is better to do more than one test. So for another example Student 9 will be tested
1. Lecture Attendance. Y=0.5753x68+16.484. Y=55
2. Tutorial Attendance. Y=0.4725x66+26.959. Y=58
3. Monthly Study Hours. Y=0.4678x64+33.371. Y=63
These results are a bit more spread out than Student 5, but how do they compare to the actual final mark of Student 9. With the actual mark at 55, it could be said that Lecture attendance and tutorial attendance are accurate. However with monthly study hours at 63 there could be arguments for and against the accuracy, as only eight marks make the difference it is still a significant difference when it comes to marks out of 100.
1.2. Anova
According to Laerd Statistics (2018), an Anova test is “used to determine whether there are any statistically significant differences between the means of three or more independent (unrelated) groups”. As this data set had three independent variables, an Anova test would be suitable to make sure that the means of the variables differed from each other. The formula for an Anova test is:   
 [image: One-way ANOVA Null Hypothesis]
“Where µ = group mean and k = number of groups” and HO = null hypothesis (Statistics.laerd.com, 2018). However, if the result of the test shows a significance value then the alternative hypothesis (HA) would be accepted. The results of the One Way Anova are shown below:
	Anova: Single Factor
	
	
	
	
	
	

	
	
	
	
	
	
	

	SUMMARY
	
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	
	

	Lecture attendance (%)
	20
	1431
	71.55
	248.26053
	
	

	Tutorial attendance (%)
	20
	1299
	64.95
	392.57632
	
	

	Monthly study hours
	20
	1038
	51.9
	406.30526
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

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

	Between Groups
	3999.90
	2.00
	1999.95
	5.73
	0.01
	3.16

	Within Groups
	19895.70
	57.00
	349.05
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	Total
	23895.60
	59.00
	 
	 
	 
	 


As shown not only are the results significant to the usual 95% (P-Value less than 0.05), but they show a 99% significance level. By these results it is clear that the alternative hypothesis of the means of the variables are different has to be accepted.
1.3. T-Test
The next thing done was a T-Test, to see which two of the three variables means were significantly different. Once gain the null hypothesis for each T-Test is that there is no significant difference between the means. Below are the three T-Test performed, comparing two variables at a time.
	t-Test: Paired Two Sample for Means
	

	
	
	

	 
	Lecture attendance (%)
	Tutorial attendance (%)

	Mean
	71.55
	64.95

	Variance
	248.26
	392.58

	Observations
	20.00
	20.00

	Pearson Correlation
	0.78
	 

	Hypothesized Mean Difference
	0.00
	 

	df
	19.00
	 

	t Stat
	2.40
	 

	P(T<=t) one-tail
	0.01
	 

	t Critical one-tail
	1.73
	 

	P(T<=t) two-tail
	0.03
	 

	t Critical two-tail
	2.09
	 

	t-Test: Paired Two Sample for Means
	

	
	
	

	 
	Lecture attendance (%)
	Monthly study hours

	Mean
	71.55000
	51.90000

	Variance
	248.26053
	406.30526

	Observations
	20.00000
	20.00000

	Pearson Correlation
	0.71359
	 

	Hypothesized Mean Difference
	0.00000
	 

	df
	19.00000
	 

	t Stat
	6.19390
	 

	P(T<=t) one-tail
	0.00000
	 

	t Critical one-tail
	1.72913
	 

	P(T<=t) two-tail
	0.00001
	 

	t Critical two-tail
	2.09302
	 



	t-Test: Paired Two Sample for Means
	

	
	
	

	 
	Tutorial attendance (%)
	Monthly study hours

	Mean
	64.9500
	51.9000

	Variance
	392.5763
	406.3053

	Observations
	20.0000
	20.0000

	Pearson Correlation
	0.7892
	 

	Hypothesized Mean Difference
	0.0000
	 

	df
	19.0000
	 

	t Stat
	4.4964
	 

	P(T<=t) one-tail
	0.0001
	 

	t Critical one-tail
	1.7291
	 

	P(T<=t) two-tail
	0.0002
	 

	t Critical two-tail
	2.0930
	 



As shown, no matter which two variables are compared there is a highly significant difference between the means. So in this case the alternaive hypothesis is accepted for all three examples as the P-Value of each two-tail test is lower than 0.05.
2. Data Analysis
This next part of the paper will be on data analysis, where five different examples of data and the results of different tests are shown.
2.1. T-Test: Two-Sample Assuming Unequal Variances Driving
	Driving
	Errors

	night
	9

	night
	7

	night
	8

	night
	9

	night
	8

	night
	9

	night
	8

	night
	5

	night
	8

	day
	8

	day
	4

	day
	4

	day
	9

	day
	8

	day
	5

	day
	8

	day
	9

	day
	10

	day
	7


The following data is data taken on 19 drivers in simulators. Each driver drove either in the day, or at night. It was predicted that more errors were made in the night. The data was taken as follows:











As there are an odd number of drivers, each driving at either night or day, a test of unequal variances has to be done. This is because the two samples, day and night, cannot have an equal number of variances, ten for day and nine for night. With the null hypothesis being there is no difference in driver errors at either day or night, the results of the test were as follows:
	t-Test: Two-Sample Assuming Unequal Variances
	

	
	
	

	 
	Night
	Day

	Mean
	7.89
	7.20

	Variance
	1.61
	4.62

	Observations
	9.00
	10.00

	Hypothesized Mean Difference
	0.00
	

	df
	15.00
	

	t Stat
	0.86
	

	P(T<=t) one-tail
	0.20
	

	t Critical one-tail
	1.75
	

	P(T<=t) two-tail
	0.40
	

	t Critical two-tail
	2.13
	 


As shown in the table above the P-Value is greater than 0.05 so therefore the null hypothesis must be accepted in that there is no difference in day or night driving errors.
[bookmark: _Hlk503203624]2.1.1. T-Test Paired Two-Sample for Means Driving
Although the previous test shown that there was no difference in driving errors dependent on when a person went driving, it could be argued that the same driver did not get tested twice so it is an uneven test. Another set of data was taken where, ten people went in a driving simulator in the day and in the night. Again it was predicted that there would be more errors made with night driving than day driving. The data was as follows:
	Errors day
	Errors night

	6
	9

	8
	8

	8
	9

	8
	4

	7
	5

	9
	8

	4
	9

	10
	8

	8
	9

	6
	4


The test used to find out the whether the null hypothesis, there is no difference in day errors or night errors, can be accepted or not was a T-Test Paired Two-Sample for Means. The results of this test were as follows:
	t-Test: Paired Two Sample for Means
	

	
	
	

	 
	Errors day
	Errors night

	Mean
	7.40
	7.30

	Variance
	2.93
	4.46

	Observations
	10.00
	10.00

	Pearson Correlation
	0.02
	

	Hypothesized Mean Difference
	0.00
	

	df
	9.00
	

	t Stat
	0.12
	

	P(T<=t) one-tail
	0.45
	

	t Critical one-tail
	1.83
	

	P(T<=t) two-tail
	0.91
	

	t Critical two-tail
	2.26
	 


Once again, since the P-Value is greater than, the null hypothesis, no difference in errors, must be accepted.
2.2. T-Test: Two-Sample Assuming Unequal Variances Train Service
The next set of data was taken on two groups of people who were asked to rate a new train service on a scale of 0 to 100. It is estimated that the group going to Toytown will rate the service higher than the group going to Swansong. The data was as follows:
	Town
	rating

	Toytown
	43

	Toytown
	61

	Toytown
	33

	Toytown
	16

	Toytown
	20

	Toytown
	58

	Toytown
	46

	Toytown
	38

	Swansong
	79

	Swansong
	17

	Swansong
	22

	Swansong
	60

	Swansong
	22

	Swansong
	20

	Swansong
	47

	Swansong
	80

	Swansong
	15

	Swansong
	69

	Swansong
	65

	Swansong
	38


Once again, the T-Test assuming unequal variances would have to be used as the group on the Toytown service only totaled eight people, while the Swansong group had twelve people. The test was conducted with the null hypothesis being there is no difference in the service of the trains. The results were as follows:
	t-Test: Two-Sample Assuming Unequal Variances
	

	
	
	

	 
	Toytown
	Swansong

	Mean
	39.38
	44.50

	Variance
	262.27
	636.27

	Observations
	8.00
	12.00

	Hypothesized Mean Difference
	0.00
	

	df
	18.00
	

	t Stat
	-0.55
	

	P(T<=t) one-tail
	0.29
	

	t Critical one-tail
	1.73
	

	P(T<=t) two-tail
	0.59
	

	t Critical two-tail
	2.10
	 


With this test the P-Value is greater than 0.05, which means the null hypothesis, there is no difference between the services, must be accepted.
2.3. T-Test Paired Two-Sample for Means Chocolate
This next set of data was based on 10 people who were asked to rate a chocolate bar comparing the old with the new recipe on a scale of 1 to 20. It is hoped that the new recipe will have a higher rating. The data was as follows:

	Old
	New

	11
	18

	11
	13

	12
	12

	13
	9

	8
	7

	13
	16

	14
	14

	5
	13

	15
	6

	8
	18


For this data the t-Test paired two sample for means was used, with the null hypothesis being, there would be no difference between the two recipes. The test results were as follows: 
	t-Test: Paired Two Sample for Means
	

	
	
	

	 
	Old
	New

	Mean
	11
	12.6

	Variance
	9.777777778
	17.82222

	Observations
	10
	10

	Pearson Correlation
	-0.21042459
	

	Hypothesized Mean Difference
	0
	

	df
	9
	

	t Stat
	-0.88
	

	P(T<=t) one-tail
	0.20
	

	t Critical one-tail
	1.83
	

	P(T<=t) two-tail
	0.40
	

	t Critical two-tail
	2.26
	 


With the P-Value greater than 0.05 the null hypothesis must be accepted.
2.4 Anova for Tax Decision
This data was based on A survey of US voters asked whether they were for, against or had no opinion about a forthcoming change to tax law. The voters were also asked what political party they favoured: Republican or Democrat. It was decided to see if party affiliation affected views about the tax change. The data was as follows: 

	 
	For
	Against
	No Opinion
	Total

	Republican
	22
	23
	25
	70

	Democrat
	32
	26
	19
	77

	Total
	54
	49
	44
	147


The people conducting the survey wanted to see if party affiliation affected views on the change to tax laws. The results of the test were as follows:
	Anova: Single Factor
	
	
	
	
	
	

	
	
	
	
	
	
	

	SUMMARY
	
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	
	

	For
	2
	54
	27
	50
	
	

	Against
	2
	49
	24.5
	4.5
	
	

	No Opinion
	2
	44
	22
	18
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

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

	Between Groups
	25
	2
	12.50
	0.52
	0.64
	9.55

	Within Groups
	72.5
	3
	24.17
	
	
	

	
	
	
	
	
	
	

	Total
	97.5
	5
	 
	 
	 
	 


With the P-Value greater than 0.05 then the null hypothesis that party affiliation did not affect views of the tax change law would be accepted.
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