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[bookmark: _Toc167706901]Introduction
Analysing any sets of data can be extremely time consuming, especially when there are a vast number of data points within a set.  Each data point can have many sub points from categorical data to numerical sets of data. Analysing and interpreting this data, to find out if any data points have a relationship can be difficult, however with MATLAB and its vast number of functions, interpreting and analysing statistical data to find any relationship or correlation is made a lot easier to do. 

The data set that will be analysed contains information on students and their grades. Within the student’s information, is the age, attendance, exam results for two exams and the student’s gender. The analyse can be done by creating various graphs, Ogives, and correlation matrixes to look at the information, and gain an insight into any factors that affect a student’s performance. 
[bookmark: _Toc167706902]Aims 
The aim is to analyse students and their grades to find any correlation between performance and if any factors affect their grades, using statistical techniques within MATLAB.
[bookmark: _Toc167706903]Objectives 
· Create a MATLAB code that can gather, interpret, and create statistical data to analyse 
· Analyse the data using statistical techniques, to gain an insight to a student’s performance and factors that may affect them to perform. 
· Create a report with the findings of the analyse from the data showing if there are any factors affecting a student’s performance.  
[bookmark: _Toc167706904]
Data Import and Summary Statistics 
Before any analyse can take place, a MATLAB code must be written with all the students information imbedded into MATLAB. This way everything that gets written can be referred to the data sets that have been imbedding allowing the user to use statistical functions to create various methods of data analyse tools to be used. To firstly imbed and import the student’s data set, the data set must be created in Microsoft Excel, and then saved into MATLAB or onto a USB stick. This way a function called readtable, can be entered along with the student’s information, this allows MATLAB to pull the data from the excel document, and create a table within MATLAB to read the data. Once the data is in this format within MATLAB, the code can begin being wrote with all the data set being available to manipulate.  
[image: ]

[bookmark: _Toc167447860]Figure 1 - Readtable function example

The image above in figure 1, is an example of the readtable function being used this image is showing that the function is being used to pull data from an excel document and creating a table for the data to be used throughout the rest of the code within MATLAB. A simple but effective way of gathering a vast amount of data in both categorical and numerical data forms. 
Now the student’s information is imported into MATLAB, manipulation of the data can begin. Even though the current data is in table format, it is not ready to be used in any functions that involves statistical techniques. To get the data to be available to be used, the data must be converted from tabular format into an array format. This must be done for each categorical and numerical data set that is within the document. Arrays are crucial for any data set as it is a fundamental way of representing data in MATLAB (MathWorks, 2024).  To convert the information from tabular format into an array, there is a function called table2array. This is crucial to allow MATLAB to able to calculate any formulas from this data set. 
[image: ][bookmark: _Toc167447861]Figure 2 - Table2Array Example




The above image in figure 2, shows an example of the table2array function in a MATLAB code. This image shows the information is being pulled from the main data set, changing that format into an array. However, it shows that each array is called by from the category name. This allows the user to use the data separately from any other category, if they want to only use one or two categories information, they can do so. 
[image: A number of numbers on a white background

Description automatically generated]Now the data is in an array format a summary of all the data can be completed, this is where calculations of the central tendencies and the dispersion can take place to give the user a better understanding of all the data. The central tendencies are paired with the dispersion calculations as it gives a broader more complete picture of the data set as whole. Whereas only calculating the central tendencies alone can show the average of the data set but it doesn’t state how close or far away that data set is from the average. That is where the dispersion comes in, a data set can have the same central tendencies, but its dispersion can have many different levels to it (Franke, 2023). Thus, having calculated both central tendencies and dispersion together it provides the average of the data but also if the variability of the data is small or large.  





[bookmark: _Toc167447862]Figure 3 - Central Tendency & Dispersion Table


The above image in figure 3, shows the calculations from the central tendencies and dispersion of the given data set on the student’s information and grades. Each category that is calculated is crucial to the overall picture that the data set paints but gives a benchmark for the statistical techniques to work from. 












 

[bookmark: _Toc167706905]Correlation Analysis 
The correlation within this data set is critical to find out if there are any factors that have been measured, do affect a student’s ability to perform in exams or not. Correlation is the relationship between two variables in a data set, in this data set there could be a variety of correlation relationships that are positive or negative that could really shine a light on factors that could affect a student’s performance. As stated by (Aggarwal & Ranganathan, 2016) “Correlation is a statistical technique which shows whether and how strongly two continuous variables are related.”  To begin looking at the correlation between this data set, a matrix of the correlation coefficients must be created within MATLAB. The matrix of correlation coefficients shows the correlation between two variables of data on a continuous scale, each correlation coefficient is expressed as a number which ranges from -1 to +1. These figures inform the user if the correlation between two variables is positive, negative or there is no correlation at all. If a correlation coefficient brings a figure of -1, this would suggest that the correlation between that set of variables is perfectly negative. On the other hand, if the correlation coefficient brings a figure +1, that would suggest a perfectly positive correlation. Whereas 0 would suggest there is no linear correlation between the given set of variables (Aggarwal & Ranganathan, 2016).  Within MATLAB a matrix of correlation coefficients for this data set is created with the variables being, the age, attendance, exam score 1, exam score 2, and the overall scores of the exams. These are the factors that are put against each other to find out if there are any correlations between them and if so, do they affect a student’s performance in exams. There are two functions in use for the correlation coefficients, the first function is the corr function. This will gather each category listed and calculate the correlation coefficient of each variable given. The second function used is the corrplot function, this function is key as it provides a visual aid to interpret the correlation coefficients that have been calculated by the first function, plus there are arguments that can be in putted into the corrplot function to highlight any significant correlations that reside within the correlation matrix.  
Now that the correlation coefficient matrix has been created, there can be an examination into the relationship between the gender of the students and the overall scores of the students. This examination can be done on MATLAB by performing a hypothesis test. To begin the hypothesis test, the variables in question must be organised correctly within MATLAB, this means the gender of each student and the overall scores of each student are organised into the correct states. The gender variable should be categorical, and the exam scores should be numerical. Once organised, the data must be grouped, the gender variable must be grouped into Male and Female, along with the overall exam scores by each gender. Once all data has been grouped, the hypothesis test can begin by using the MATLAB function ttest2. The ttest2 function tests the null hypothesis of two data samples, in this case gender against overall exam score. A null hypothesis is a way of saying that there is no statistical significance between the two variables (HAYES, 2023). When using the function ttest2, it provides figures of H and P. The H value is shown only by two figures which are H0 and H1, these figures show that if the ttest2 returns a value of H0, it states that there is no significant difference between the variables. H0 is another way to show the null hypothesis, opposite to this if the ttest2 function returns a H1 value, that would suggest there is a significant difference between the two variables (Yarandi, 1996). There is also a P value that is returned during the ttest2 function, the p value can return a figure anywhere between 0 and 1. There is a standard to the p value that should be considered, which is 0.05. If the p value is smaller than 0.05 this is statistically significant, and it should reject the null hypothesis. However, a number larger than 0.05 states that it is not statistically significant, and the null hypothesis should not be rejected (BEERS, 2024). 

[bookmark: _Toc167706906]Grouped Data for Exam 1, Exam 2, and O/All Results
Grouping data within MATLAB allows functions to be completed at a much easier rate then if individual variables were entered. Such as the results of the students within this data set, there was a vast number of categorical and numerical data points within the data set, to collate the amount of data and complete calculations with each individual data point would take a huge amount of time to do. However, grouping the data into categorical and numerical data gives the user a more time effective way of using that data for analytical purposes. Grouping data allows for specific analyse of the data between the groups, it can point out any patterns within the grouped data that were not previously available to notice. Grouping the data is a great way of facilitating the plotting of graphs and charts. Giving different viewpoints of the data to be analysed, the visual aids that the graphs and charts provide give another layer to the analyse, where the data interpreted is enhanced compared to looking at the grouped data in tabular format. Another reason as to why grouping data is advantageous is that from a coding standpoint within MATLAB it allows for more complex data manipulations; it reduces the need for constant repetitive code and clogging up the command windows. It even lends itself for the code to cleaner and easier to maintain, due to the data being grouped. 





[bookmark: _Toc167706907]Discussion and Conclusion
After all the statistical techniques have been completed, the data can be analysed to see if there are any factors within the data set that contribute to affecting a student’s ability to perform in exams. The correlation coefficient matrix was created to look for any two variables that may have a correlation whether that be a positive, negative or no correlation. The results from the correlation coefficient graph shows that, the numbers that are highlighted in red are more likely to have a correlation, thus being exam 1, exam 2 and the overall exam score are highlighted in red along with attendance. Thus, meaning all three exam scores and the attendance of the students have a higher likelihood to be related than the other factors within the correlation coefficient matrix. From this likelihood, this would implicate that the higher the attendance of a student, the better the exam score compared to any other variable within this data set. The hypothesis test was completed to see if two variables have a relationship or not, within the hypothesis test the two variables in question was to see if gender would affect a student’s exam score. The hypothesis test provides two key metrics that would suggest if there is a relationship between these variables or not. The results of the hypothesis test provided that; the H value was equal 0 meaning the null hypothesis was not rejected, along with a P value that was greater than 0.05, meaning the null hypothesis is not likely to be rejected. This means that gender of the students does not affect their ability to perform in exams. 

The null hypothesis is a great tool to have available as it is useful to use when looking to find out if two variables have a relationship or not, it gives a way of informing the user if the results obtained from the test are by luck or if there is a underlaying factor affecting the results (Taylor, n.d.). Although the null hypothesis test is a great way of finding relationships between two variables, it has been criticised due to the hypothesis test being a form of indirect inference. It does not always allow the null or alternative hypothesis to be accepted (Stunt, et al., 2021). 
The correlation coefficient is a simple and easy method of data interpretation as it provides results between -1 to +1, allowing the user to easily interpret the data from these figures, however the correlation coefficient is only able to measure linear relationships, if the relationship is not linear then the data can mislead the user (Finserv, 2023). 
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[bookmark: _Toc167706909]Appendix 

clc;
clear;
close all;
format short 

%*************** Gathering data ******************

i = readtable("student_grades.csv"); %pulling the data into a table from excel 
age = table2array(i(:,"age")); %getting age information from excel sheet 
atten = table2array(i(:,'attendancePercentage')); % getting attendance info from excel sheet
score1 = table2array(i(:,'Exam_1')); %getting exam score 1 info from excel sheet 
score2 = table2array(i(:,'Exam_2')); %getting exam score 2 info from excel sheet 
gender = table2array(i(:,'gender')); %getting gender information from excel sheet 
%************* Data & Table ************************

%**** Age ***
amean = mean(age,"all"); %calculting the mean for age
amedian = median(age,"all");%calculting the median for age
amode = mode(age,"all");%calculting the mode for age
arange = [min(age),max(age)]; %calculting the range for age
astd = std(age); %calculting the STD for age

%**** Attendance ****
attmean = mean(atten,"all"); %calculting the mean for attendance
attmedian = median(atten,"all"); %calculting the median for attendance 
attmode = mode(atten,"all"); %calculting the mode for attendance
attrange = [min(atten),max(atten)]; %calculting the range for attendance
attstd = std(atten); %calculting the STD for attendance 

%**** Score 1 *****
s1mean = mean(score1,"all"); %calculting the mean for score 1
s1median = median(score1,"all"); %calculting the median for score 1
s1mode = mode(score1,"all"); %calculting the mode for score 1
s1range = [min(score1),max(score1)]; %calculting the range for score 1
s1std = std(score1); %calculting the STD for score 1

%**** Score 2 ****
s2mean = mean(score2,"all"); %calculting the mean for score 2
s2median = median(score2,"all"); %calculting the median for score 2
s2mode = mode(score2,"all"); %calculting the mode for score 2
s2range = [min(score2),max(score2)]; %calculting the range for score 2
s2std = std(score2); %calculting the STD for score 2

%**** Overall *****
oall = (score1 + score2)./2; %working out overall mean for score 1&2 
oallm = mean(oall); %working out mean of the overall
oallmed = median(oall); %working out median of the overall 
oallmod = mode(oall); %working out mode of the overall 
oallmax = max(oall); %setting the max for the overall
oallmin = min(oall); %setting the min for the overall 
oallrange = [oallmin, oallmax]; %working out the range for the overall 
oallstd = std(oall); % working out the STD for the overall 

%****** Table *******
Variable = [{'Age'};{'Attendance'};{'1st Exam Score'};{'2nd Exam Score'};{'O/All Score'}]; %creating variable heading
Mean = [amean; attmean; s1mean; s2mean; oallm]; %collecting all mean data
Med = [amedian; attmedian; s1median; s2median; oallmed]; %collecting all median data
Mode = [amode; attmode; s1mode; s2mode; oallmod]; %collecting all mode data 
Range = [arange; attrange; s1range; s2range; oallrange]; %collecting all range data
STD = [astd; attstd; s1std; s2std; oallstd]; %collecting all STD data 

VN = {'Variable', 'mean', 'median', 'mode', 'range', 'std'}; %Table headings 
table(Variable,Mean,Med,Mode,Range,STD,'VariableNames',VN) %creating the table with headings 

%********** Correlation Analysis *********************
disp("matrix showing data from the table above.")
comatrix = corr([age,atten,score1,score2,oall]); %putting variables to matrix 
disp(comatrix); %Displaying the corr matrix 

%***** Corrplot ************
Names1 = {'Age','Attendance','Exam1','Exam2','O/All'}; %makes a string for names of variables 
figure Name 'Correlation Coefficient' %giving the figure the correct name 
corrp = corrplot([age,atten,score1,score2,oall], 'VarNames',Names1, TestR = 'on'); %creates the corrplot graphs with the names 

%****** Gender Relationship *******
Names2 = {'Gender','Overall'}; %creating a string for names 
GenderTable = table(gender,oall, 'VariableNames',Names2); %grouping the gender and overall data 
%*** Male****** 
ML = strcmp(gender,'Male'); %converting the data to a true or false statement to find the males 
FML = find(ML==1); %find the locations of the male results 
MaleR = oall(FML); %find the results of the males 

%**** Female *****
FL = strcmp(gender,'Female'); %converting data to a true or false statment for females 
FFL =find(FL==1); %find the locations of the female results 
FemaleR = oall(FFL); %find the results of the females 

%**** Hypothesis Test ***********

[h,p] = ttest2(MaleR,FemaleR); %conducts an hypothesis test against male and female scores with h0 meaning similar 

%promoting the null hypothesis and alternative suggestions 
if h==0 
    HVAL = "Shows it fails to reject the null hypothesis at the Alpha level";
else 
    HVAL = "Shows it rejects the null hypothesis at the Alpha level";
end 

%showing if the p value is greater than the Alpha of 0.05 (0.05 is standard
%alpha number) showing if the means are equal 

if p > 0.05 
    PVAL = "Shows it is greater than Alpha of 0.05, meaning h0 is unlikely to be rejected";
else 
    PVAL = "Shows it is less than Alpha of 0.05, meaning h0 is likely to be rejected";
end 

%display the results
disp(HVAL);
disp(PVAL); 

%Using the correlation matrix created by the corrplot function, it shows
%values in red, which are the exam scores that are likely to be related, along
%with the attendance of a student. Showing a correlation coefficient for
%exam 1 0.89, 0.83 for exam 2, and 0.88 for the O/All score. 

%The implications of this data would suggest in general that the higher attendance
%of a student would affect their exam score to be better, than any other variable
%within the data given. 


%****** Visualisation of grouped data **********

edges=0:10:100; %creating the edges for the histogram 

F1 = histcounts(score1,edges); %Calculating the frequency of each class defined by vector edges
F2 = histcounts(score2,edges); %Calculating the frequency of each class defined by vector edges
F3 = histcounts(oall,edges); %Calculating the frequency of each class defined by vector edges

LYM = max([F1 F2 F3])+1; %creating the max limits of the Y axis 
%***** Histogram *********

figure name 'Histogram' %creates a figure with the name Histogram

%Histogram 1
subplot (1, 3, 1) %creating a subplot for the histograms to placed in (1st row, 3rd column, 1st Position)
histogram('BinCounts',F1,'BinEdges',edges) %creating the histogram 
title('Exam 1 Histogram') %Create a title for histogram 
xlabel ('Class Limits') %Creates the X axis label 
ylabel('Frequency') %Creates the Y axis label 
ylim([0,LYM]) %Sets the limits of Y Axis 
xticks(edges) %sets the tick spacing 
grid %gives grid lines 

%Histogram 2
subplot (1, 3, 2) %creating a subplot for the histograms to placed in (1st row, 3rd column, 2nd Position)
histogram('BinCounts',F2,'BinEdges',edges) %creating the histogram 
title('Exam 2 Histogram') %Create a title for histogram 
xlabel ('Class Limits') %Creates the X axis label 
ylabel('Frequency') %Creates the Y axis label 
ylim([0,LYM]) %Sets the limits of Y Axis 
xticks(edges) %sets the tick spacing 
grid %gives grid lines 

%Histogram 3
subplot (1, 3, 3) %creating a subplot for the histograms to placed in (1st row, 3rd column, 3rd Position)
histogram('BinCounts',F3,'BinEdges',edges) %creating the histogram 
title('O/All Score Results Histogram') %Create a title for histogram 
xlabel ('Class Limits') %Creates the X axis label 
ylabel('Frequency') %Creates the Y axis label 
ylim([0,LYM]) %Sets the limits of Y Axis 
xticks(edges) %sets the tick spacing 
grid %gives grid lines 

%******** OGIVES ******************

RF1 = F1/sum(F1); %working out relative frequency 
CUMRF1 = cumsum(RF1); %working out the cumlative relative frequency 
ICRF1 = cumsum(RF1, "reverse"); %working out the reverse cumlative relative frequency 

RF2 = F2/sum(F2); %working out relative frequency 
CUMRF2 = cumsum(RF2); %working out the cumlative relative frequency 
ICRF2 = cumsum(RF2, "reverse"); %working out the reverse cumlative relative frequency 

RF3 = F3/sum(F3); %working out relative frequency 
CUMRF3 = cumsum(RF3); %working out the cumlative relative frequency 
ICRF3 = cumsum(RF3, "reverse"); %working out the reverse cumlative relative frequency 


%**** Plotting OGIVE ********

figure name 'OGives' % creates a figure named OGives 

%Ogives 1
subplot (1,3,1) %creating a subplot for the OGives to placed in (1st row, 3rd column, 1st Position)
%less than ogive
plot(edges,[0, CUMRF1],"Color",[1 0 0],"Marker","o","MarkerFaceColor",[1 0 0]) %plotting the less than Ogive with the marker and marker colours 
%more than ogive
hold on
plot(edges,[ICRF1, 0],"Color",[0 0 1],"Marker","o","MarkerFaceColor",[0 0 1]) %plotting the more than Ogive with the marker and marker colour 
%formating
title('Exam 1 Ogives') %setting the Ogive title 
xlabel('Class Limits') %setting the x axis label 
ylabel('Cumlative Relative Frequency') %setting the y axis label 
xticks(edges) %sets ticks spacing 
yticks(0:0.1:1) % sets how many points it plots 
ylim([0,1]) %sets the Y limits 
grid %sets a grid on the Ogive 

%Ogives 2
subplot (1,3,2) %creating a subplot for the OGives to placed in (1st row, 3rd column, 2nd Position)
%less than ogive
plot(edges,[0, CUMRF2],"Color",[1 0 0],"Marker","o","MarkerFaceColor",[1 0 0]) %plotting the less than Ogive with the marker and marker colours 
%more than ogive
hold on
plot(edges,[ICRF2, 0],"Color",[0 0 1],"Marker","o","MarkerFaceColor",[0 0 1]) %plotting the more than Ogive with the marker and marker colour 
%formating
title('Exam 2 Ogives') %setting the Ogive title 
xlabel('Class Limits') %setting the x axis label 
ylabel('Cumlative Relative Frequency') %setting the y axis label 
xticks(edges) %sets ticks spacing 
yticks(0:0.1:1) % sets how many points it plots 
ylim([0,1]) %sets the Y limits 
grid %sets a grid on the Ogive 

%Ogives 3
subplot (1,3,3) %creating a subplot for the OGives to placed in (1st row, 3rd column, 3rd Position)
%less than ogive
plot(edges,[0, CUMRF3],"Color",[1 0 0],"Marker","o","MarkerFaceColor",[1 0 0]) %plotting the less than Ogive with the marker and marker colours 
%more than ogive
hold on
plot(edges,[ICRF3 0],"Color",[0 0 1],"Marker","o","MarkerFaceColor",[0 0 1]) %plotting the more than Ogive with the marker and marker colour 
%formating
title('O/All Results Ogives') %setting the Ogive title 
xlabel('Class Limits') %setting the x axis label 
ylabel('Cumlative Relative Frequency') %setting the y axis label 
xticks(edges) %sets ticks spacing 
yticks(0:0.1:1) % sets how many points it plots 
ylim([0,1]) %sets the Y limits 
grid %sets a grid on the Ogive 
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readtable("student_grades.csv"); %pulling the data into a table from excel
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age = tableZarray(1i( age”)); %getting age information from excel sheet
atten = table2array(i(:, 'attendancePercentage')); % getting attendance info from excel sheet

scorel = table2array(i(:,'Exam_1')); %getting exam score 1 info from excel sheet
score2 = table2array(i(:,'Exam_2')); %getting exam score 2 info from excel sheet
gender = table2array(i(:,'gender')); %getting gender information from excel sheet
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Variable mean median mode range std
{'Age" } 36.65 37.5 48 19 53 9.7643
{'Attendance’ } 60.58 57 27 20 100 24.249
{'1st Exam Score'} 58.27 58 59 7 98 21.673
{'2nd Exam Score'} 55.08 53.5 51 4 98 22.428
{'0/A11 Score' } 56.675 54.5 25.5 .5 95 21.452




