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1.0 [bookmark: _Toc167474012]Introduction

The aim of this report is to assess and discuss the methods of Statistical Analysis we used in MATLAB to analyse the results of an exam. The first stage of analysis included simple summary statistics such as mean, mode, and standard deviation. Fortunately, this can be done using embedded functions in MATLAB, as well as the second stage which was correlation analysis, allowing us to see the correlation between every variable in our group of results. The third and final stage of analysis was to group the data, and this frequency statistics to create Histograms and Ogives to display the data, allowing it to be compared visually between variables.
The set of data that was given, came in the form of an excel spreadsheet, as below.
Table 1 – Exam Data in Excel Spreadsheet
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As described above, this information was then analysed after being split into quantitative and qualitative data types.
[bookmark: _Toc167474013]1.1 Objectives

· Import Data from Excel and convert to array where needed.
· Create Table of Calculated Central Tendencies and Dispersion.
· Calculate and Display Correlation Matrix.
· Organise and Group Data.
· Complete Hypothesis Test and Display Results.
· Create Histograms of Grouped Data.
· Create Ogives of Grouped Data.




[bookmark: _Toc167474014]2.0 Data Import and Summary Statistics

The data was provided in the form of an excel spreadsheet, as shown in table 1, which first had to be imported into MATLAB for the analysis to begin. As Excel Spreadsheets are compatible with MATLAB, there are inbuilt functions that were used to import the data, specifically ‘readtable’, which imports the data as a table into MATLAB. Once the data had been imported into MATLAB, it could then be separated from the qualitative data, meaning we were then left with a matrix of quantitative data. The final step to ensure we had all the data we needed was to add the Overall Results as a column on the end of our matrix, as shown in figure 1, this was just a simple calculation of the average from Exam 1 and Exam 2.
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Figure 1 – Quantitative Exam Data in MATLAB Table


[image: ]The next step of analysis was to calculate the summary statistics Mean, Median, Mode, Range, and Standard Deviation of the Quantitative Matrix. Similar to importing the data, MATLAB already has embedded functions used to calculate the Mean, Median, Mode, and Standard Deviation of a data set. The range had to be manually calculated, using the ‘min’ and ‘max’ functions in MATLAB and calculating the difference. This data was then presented in a table, as shown below in figure 2.
Figure 2 – Table of Summary Statistics

While these summary statistics offer a high level of description, as well as concentrating large data sets into simpler statistics, they don’t offer any insight into patterns and trends or anomalous results (LinkedIn.com, 2024). These statistics also oversimplify the data in some cases, in the circumstances that there is correlation or causality amongst the data, where one variable influences the other, summary statistics hide this. Each statistic, while offering a descriptive benefit, also hides further insights into the data, as shown below.
Mean – The Mean offers you a general comparison of data, however, it does not reflect if your data has any anomalies, which could be seen with further analysis.
Median – The Median can often be a good representation of the centre of the dataset, however if the data is heavily skewed to one end, the median won’t show this.
Mode – The Mode tells you which value in your data set is most common, however, this can often be an anomaly, especially in data sets with a broad range.
Range – The Range gives an insight into the spread of data, however, its importance often relies on the context of the data and offers no suggestion as to the distribution.
Standard Deviation – The Standard Deviation tells us about the grouping of the data, across the range, however it doesn’t represent the distribution of the data.

[bookmark: _Toc167474015]3.0 Correlation Analysis

Correlation Analysis is a simple method of analysing the relationship between two variables. The results gathered from correlation analysis can tell you the impact that one variable has on another and the strength of that impact. This method of analysis is important in understanding the dependant relationship between variables, and how that can vary your results. 
In this example, the correlation between all the quantitative variables was tested, using an inbuilt function, ‘corr’, which returns a matrix with values between -1 and 1 to represent the correlation between columns in the inputted matrix. This was also visualised with the function ‘corrplot’, which translates this matrix into scatter graphs, with a line of best fit to represent the correlation. A returned value of 1 represents a perfect positive correlation between the two variables, and a value of -1 represents a perfect negative correlation between the two variables. The matrix, as shown in figure 3, gives you the detailed values of the correlation test, while the graphs, as shown in figure 4, provides a visual representation of the relationships allowing for easy comparison.
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Figure 3 – Matrix of Pairwise Linear Correlation Coefficients returned from function ‘Corr’

[image: ]













Figure 4 – Graphs representing the Correlation of Variables as returned by function ‘corrplot’


This graphic shown in figure 4, in conjunction with the results shown in figure 3, allows us to notice that there is a strong correlation between attendance and Exam Results and Overall Results. Figure 3 gives us a correlation value of 0.88394 between Overall Results and Attendance, suggesting a strong positive correlation, meaning, the higher the students Attendance, the higher their Over Results would be. This pattern is also true for the correlation between Attendance and both Exam 1 and Exam 2, with correlation results of 0/89123 and 0.82972 respectively. Figure 4 also shows that the variable Age, shows no correlation to any other variable, meaning a person’s age has no effect their Exam Results, or Attendance in any way.

The next stage of correlation analysis used was to understand whether there was a relationship between Gender and Overall Results Score. In MATLAB, there is an imbedded function to conduct a simple hypothesis test, the function ‘ttest2’ returns two variables, h and p. The first being h, which returns either a 1 or a 0. A result of 1 means that the test has rejected the null hypothesis to a 5% significance level, and a result of 0 would mean the test accepts the null hypothesis to a 5% significance level. The null hypothesis in this test would be that there is no correlation between Gender and Exam Results. The second value returned from this test is the p value, which is a value between -1 and 1, with   -1 meaning perfect negative correlation and 1 meaning perfect positive correlation. When this test was conducted, it returned a h value of 0, meaning that, to a 5% significance level, there was no corelation between Gender and Exam Results. Further supporting this, the test returns a p value of 0.437006, which is small enough to show no significance of any correlation.
[bookmark: _Toc167474016]4.0 Grouped Data for Exam 1, Exam 2, and Overall Results 

Grouping Data is an important method used in Data Analysis, especially when dealing with large data sets, as it allows you to create an overview which helps to easily identify patterns and outliers (help.highbond.com, 2021). For this Analysis, the data was taken for Overall Results, and grouped into ten classes from 0-100 with a class width of ten. The first Analysis method was to create histograms, as shown below in Figure 5, this is the product of the function ‘histogram’ already in MATLAB. The function allows an input for the data set, as well as the option to change the bin edges, to specify your classes. As shown, the histograms allow for quick visual assessment of the data distribution, as well as spotting any outliers. The ability of the function to specify parameters for the axis’ means that all three data sets can be compared easily and quickly. For example, Figure 5 shows that Exam 1 had a much larger group of students who scored between 50% and 60%, with a frequency of 21 compared to only 14 for both Exam 2 and Overall Results.
[image: ]Figure 5 – Histograms of Exam Results as created by the function ‘histogram’





[image: ]The second method of Analysis used on the grouped data, was to create Ogives, which allow you to quickly see what percentage of the results were above or below a certain mark. As shown below in Figure 6, the More Than Ogive, shown below in Blue, and the Less Than Ogive, shown in Red. The Ogives were created by plotting simple scatter graphs with the data gathered from the histograms above. After creating the histograms, the frequency counts can be calculated and from this, the cumulative frequency and reverse cumulative frequency can be determined using the inbuilt ‘cumsum’ function. To plot the Ogives, the relative cumulative frequencies can then be calculated and plotted on the y axis, against the bin edges, previously used for the histograms, on the x axis. As shown below, the Ogives can be used to quickly determine that, only 20% of student scored less than 40 in Exam 1 and roughly 23% of students scored less than 40 in Overall Results.
Figure 6 – Ogives of Exam Results






[bookmark: _Toc167474017]5.0 Discussion and Conclusion

This Report assessed the use of many different methods of Data Analysis, from simple Summary Statistics, to using Grouped Data to create visual tools such as Histograms and Ogives. Each method offered different benefits, however, the most beneficial way of assessing the data was to use all these methods in conjunction, as each method was able to show different levels of detail and types of assessment. 
[bookmark: _Toc167474018]Summative Statistics
Summative Statistics were the most simplistic method of Analysis and offered the largest range of analysis. The Mean, Median, and Mode offered a summation of the mid points of the data as well as the area with the highest frequency, while the Range and Standard Deviation gives insight into the spread of the data. While these are important to Data Analysis, they don’t offer any insight to the Distribution of the data, or the relationships between the data.
[bookmark: _Toc167474019]Correlation Analysis
Correlation Analysis allows for analysis of the relationships between the variables, as shown by the correlation matrix shown in Figure 4. This is important to understanding how certain variables become dependant on others in our data set. The second method of Correlation Analysis used, the hypothesis test, allowed us to also understand how qualitative data, such as gender, effects our data set. This in-depth analysis of the relationships amongst the data set is useful, however, it offers no insight to the actual data in the data set, such as the distribution, and the actual frequencies of the data.
[bookmark: _Toc167474020]Grouped Data
Grouping the Data allowed for the creation of both Histograms and Ogives, which both allow for quick visual analysis of the data, as well as analysis of the distribution. The Grouped Data means that large data sets can be reduced to a data set which is easily represented visually and can be used comparatively among data sets. As well as representing the data visually, the graphics created can also be used to gather statistics as to where the data is distributed, for example, the Ogives can show you that in Overall Results, less than 10% of students scored more than 90% on the exam.
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[bookmark: _Toc167474022]7.0 Appendix

[bookmark: _Toc167474023]MATLAB Code
clc;
clear;
close all
format shortG
%Question 1)a
E = readtable("student_grades.csv");%Importing Data from Excel Spreadsheet

%Question 1)b
Num = E{:,3:6};%Removing the Quantitative Data from the Table as a matrix
OvrScore = (Num(:,3) + Num(:,4))/2;%Calculating Overall Exam Scores
E.("Overall Score") = OvrScore;%Adding Overall Exam Scores to the Table as a column
Tot = [Num OvrScore];%Creating a new matrix to combine the original with the new Overall Score Colum
Mean = (sum(Tot)./100);%Calculating the Mean of each Matrix Column
Median = median(Tot);%Calculating the Median of each Matrix Column
Mode = mode(Tot);%Calculating the Mode of each Matrix Column
Min = min(Tot);%Calculating the Min Values for each Matrix Column
Max = max(Tot);%Calculating the Max Values for each Matrix Column
Range = [Min' Max'];%Calculating the Range for each Matrix Column
StandardDeviation = std(Tot);%Calculating the Standard Deviation for each Matrix Column

%Question 1)c
Variables = {'Age' 'Attendance' '1st Exam Score' '2nd Exam Score' 'O/All Score'};%Creating Variable Names for the Rows
VN = {'Variable' 'Mean' 'Median' 'Mode' 'Range' 'Standard Deviation'};%Creating Variable Names for the Columns
T = table(Variables', Mean', Median', Mode', Range, StandardDeviation', 'VariableNames', VN);%Creating the table
fprintf('Table of Summary Statistics\n\n')
disp(T)
Correlation = corr(Tot);%Using Corr to Calculate the Correlation
fprintf('Matrix of Pairwise Linear Correlation Coefficients\n\n')
disp(Correlation)
VN2 = {'Age', 'Attendance', 'Exam1', 'Exam2', 'O/All Score'};%Creating Variable Names for Figure 1
corrplot(Tot,'VarNames', VN2, 'TestR', 'on')%Using Corrplot to create Figure 1

%Creating Conditions to Seperate Male and Female Results
Ml = E.gender == ("Male");
FMl = E.gender == ("Female");
%Creating Seperate Tables for Male and Female Results
SepM = E(Ml,:);
SepF = E(FMl,:);
%Hypothesis Test for Gender
[h1,p1] = ttest2(SepM{:,5},SepF{:,5});%Exam 1
[h2,p2] = ttest2(SepM{:,6},SepF{:,6});%Exam 2
[hO,pO] = ttest2(SepM{:,7},SepF{:,7});%Overall Score

fprintf("The following Hypothesis Tests are testing for correlation between two variables. The test returns two variables, h, which returns either a 1 or a 0.\nA result of 1 means that the test has rejected the null hypothesis to a 5 percent significance level, and a result of 0 would mean the test accepts the null hypothesis to a 5 percent significance level.\n")
fprintf('The null hypothesis in this test would be that there is no correlation between the two data sets.\n')
fprintf('The second value returned from this test is the p value, which is a value between -1 and 1. With -1 meaning perfect negative correlation and 1 meaning perfect positive correlation.\n')
fprintf('\nThe hypothesis test for Overall Results returned a h value of %d which suggests there is no correlation. \nThe test also returns a p value of %f, which shows that there is not enough evidence to suggest there is any correlation.', hO, pO)
%Creating Column Vectors For Exam Results
Exam1 = E{:, 5};
Exam2 = E{:, 6};
%Creating Variables for Bin Edges
edges = [0:10:100];

%Using Histcount to find the frequency of the grouped data
H1 = histcounts(Exam1, edges);
H2 = histcounts(Exam2, edges);
H3 = histcounts(OvrScore, edges);
Comb = [H1 H2 H3];%Creating a New Variable for all of the Histcounts
lims = max(Comb);%Finding the Maximum Value of the Frequency Bins
maxlims = lims + 1;%Creating a Variable for the Maximum Size of the Y axis of the Histograms
%Creating a new Figure
figure(2);
%Creating the first histogram for Exam 1
subplot(1,3,1);
j = histogram(Exam1, edges);
ylim([0 maxlims]);%Y axis Limits
xlim([0 100]);%X axis limits
grid on;
xticks(edges)%X axis is labelled for every group
title('Exam 1 Histogram');%Adding a title
ylabel('Frequency');%Adding a title to the y axis
xlabel('Class Limits');%Adding a title to the x axis
%Creating the second histogram for Exam 2
subplot(1,3,2);
k = histogram(Exam2, edges);
ylim([0 maxlims]);%Y axis limits
xlim([0 100]);%X axis limits
grid on;
xticks(edges);%X axis is labelled for every group
title('Exam 2 Histogram');%Adding a title
ylabel('Frequency');%Adding a title to the y axis
xlabel('Class Limits');%Adding a title to the x axis 
%Creating the third histogram for O/All Results
subplot(1,3,3);
l = histogram(OvrScore, edges);
ylim([0 maxlims]);%Y axis limits
xlim([0 100]);%X axis limits
grid on;
xticks(edges);%X axis is labelled for every group
title('O/All Results Histogram');%Adding a title
ylabel('Frequency');%Adding a title to the y axis
xlabel('Class Limits');%Adding a title to the x axis


%Creating a new figure
figure(3);
%Creating the first Ogive for Exam 1
subplot(1,3,1);
Ex1CumFreq = cumsum(H1);%Calculating Cumulative Frequency
Ex1CumRelFreq = Ex1CumFreq/100;%Calculating Relative Cumulative Frequency
plot(edges, [0 Ex1CumRelFreq], "-o", 'Color', 'red', 'MarkerEdgeColor', 'red', 'MarkerFaceColor', 'red' )%Plotting the Less Than Ogive
hold on;
Ex1RevCumFreq = cumsum(H1, "reverse");%Calculating the Reverse Cumulative Frequency
Ex1RevCumRelFreq = Ex1RevCumFreq/100;%Calculating the Reverse Relative Cumulative Frequency
plot(edges, [Ex1RevCumRelFreq 0], "-o", 'Color', 'blue', 'MarkerEdgeColor', 'blue', 'MarkerFaceColor', 'blue')%Plotting the More Than Ogive
hold off;
grid on;
xticks(edges);%Adding correct labels to the x axis
title('Exam 1 Ogives');%Adding a title
xlabel('Class Limits');%Adding a title to the x axis
ylabel('Cumulative Relative Frequency');%Adding a title to the y axis
%Creating the second Ogive for Exam 2
subplot(1,3,2);
Ex2CumFreq = cumsum(H2);%Calculating the Cumulative Frequency
Ex2CumRelFreq = Ex2CumFreq/100;%Calculating the Relative Cumulative Frequency
plot(edges, [0 Ex2CumRelFreq], "-o", 'Color', 'red', 'MarkerEdgeColor', 'red', 'MarkerFaceColor', 'red' )%Plotting the Less Than Ogive
hold on;
Ex2RevCumFreq = cumsum(H2, "reverse");%Calculating Reverse Cumulative Frequency
Ex2RevCumRelFreq = Ex2RevCumFreq/100;%Calculating Reverse Relative Cumulative Frequency
plot(edges, [Ex1RevCumRelFreq 0], "-o", 'Color', 'blue', 'MarkerEdgeColor', 'blue', 'MarkerFaceColor', 'blue')%Plotting the More Than Ogive
hold off;
grid on;
xticks(edges);%Adding correct labels to the x axis
title('Exam 2 Ogives');%Adding a title
xlabel('Class Limits');%Adding a title to the x axis
ylabel('Cumulative Relative Frequency');%Adding a title to the y axis
%Creating a third Ogive for the O/All Exam Results
subplot(1,3,3);
Ex3CumFreq = cumsum(H3);%Calculating Cumulative Frequency
Ex3CumRelFreq = Ex3CumFreq/100;%Calculating Releative Cumulative Frequency
plot(edges, [0 Ex3CumRelFreq], "-o", 'Color', 'red', 'MarkerEdgeColor', 'red', 'MarkerFaceColor', 'red' )%Plotting the Less Than Ogive      
hold on;
Ex3RevCumFreq = cumsum(H3, "reverse");%Calculating Reverse Cumulative Frequency
Ex3RevCumRelFreq = Ex1RevCumFreq/100;%Calculating Reverse Relative Cumulative Frequency
plot(edges, [Ex3RevCumRelFreq 0], "-o", 'Color', 'blue', 'MarkerEdgeColor', 'blue', 'MarkerFaceColor', 'blue')%Plotting the More Than Ogive
hold off;
grid on;
xticks(edges);%Adding correct labels to the x axis
title('O/All Results Ogives');%Adding a title
xlabel('Class Limits');%Adding a title to the x axis
ylabel('Cumulative Relative Frequency');%Adding a title to the y axis


[bookmark: _Toc167474024]MATLAB Command Window Output
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[bookmark: _Toc167474025]MATLAB Figure 1
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The following Hypothesis Tests are testing for correlation between two variables.
The test returns two varisbles, h, which returns either a 1 or a 0.

A result of 1 means that the test has rejected the null hypothesis to a 5 percent significance level,
and a result of 0 would mean the test accepts the null hypothesis to a 5 percent significance level.
The null hypothesis in this test would be that there is no correlation betueen the two data sets.
The second value returned from this test is the p value, which is a value between -1 and 1.

With -1 meaning perfect negative correlation and 1 meaning perfect positive correlation.

The hypothesis test for Overall Results returned a h value of © which suggests there is no correlation.
The test also returns a p value of 0.437006, which shows that there is not enough evidence to suggest there is any correlation.
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