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[bookmark: _Toc167743327]Introduction
This report aims to analyse the student grades, whilst using statistical methods. This activity will be completed using MATLAB which after typing a code will generate the statistical values of the data, therefore allowing the reader to identify where strong and weak correlations between data sets may lie. This report will also give vital information of the code and commands used within MATLAB. This will give the reader clear information on the project at hand along with an understanding of the code used and aims. The data set in question includes the data taken from a series of tests and the corresponding information of the candidates who have sat the test such as age, gender, student number, test scores from exam one and two whilst also giving the students individual overall scores between both tests.
[bookmark: _Toc167743328]Aims
The aim of this report is to analyse values given by the code crafted within MATLAB to gain insights for the factors affecting student grades along with giving the reader a deeper understanding of the commands and techniques used to analyse the data under observation. 
[bookmark: _Toc167743329]Objectives
· Research commands and techniques needed to complete the code in its entirety and gain an understanding of these techniques before implementation.
· Write a code to output the correct variables needed to gain the ability to analyse the correlation of the different categories that affect a student’s grades.
· Write a report explaining and analysing the data outputted from the code whilst also explaining the techniques and commands used to return this information.
· Use references from reliable sources to prove the validity of the techniques used within MATLAB and reviewed in this report.
[bookmark: _Toc167743330]
Data input and Summary Statistics
The first process of the code written is to extract data given from a table and give the MATLAB the ability to calculate equations with the data from the table. To import the data set into MATLAB, the data set given was downloaded into the same folder that the code was stored into to be able to access the file which held the data set. The “readtable” command was used this allows MATLAB to read through the information presented and display it into the command window, this allowed MATLAB to extract all the information from the table to generate the same table under the location assigned as “T” meaning table, locating this table into this value makes it easier for the reader to identify its location whist being simple enough to use in equations. (MathWorks, 2024) states that the “readtable” command allows MATLAB to read column orientated data sets from a numerous variance of files.

To give a brief example of the “readtable” command used within the code:

T = readtable("student_grades.csv");
Line of code taken from MATLAB showing the “readtable” command

This command allows MATLAB to store more than one data type which in this case is numerical and alphabetical values within one location which in this situation is stored within the variable “T”. 
To give MATLAB the ability to calculate with this data, the “table2array” command was used on the needed sections of the table to identify correlations such as the gender, age, attendance, exam one results and exam two results, this allows MATLAB to manipulate the data type from a table to an array which allows the data to be imputed into calculations. (MathWorks, 2024) states that the command “table2array” manipulates the table in question to a homogeneous array of numerical or alphabetical data.

The summary statistics of the data set in question was calculated by using the statistical central tendency and dispersions of the data sets, this gives the reader or user a more in-depth idea of the data set variables whilst also giving useful information which can and was used while writing the code. The table below shows the variable and each form of calculation executed to gain the numerical statistics contained within the table. Whilst researching central tendency it is clear to identify its usability within analysing statistical data sets due to its ability to depict a whole data set from its results. (Manikandan, 2011) suggests that “It aims to provide an accurate description of the entire data. It is the single value that is most typical/representative of the collected data.” This comment suggests that the central tendency of a data set can give a broad idea of the contents. In my opinion to further understand a data set dispersion should also be included within the statistical summary to give a deeper understanding of the variables under inspection, (Capital, 2024) states that whilst analysing data the statistical methods of finding the mean or the average of the data, they also theorise that It is also crucial to identify the amount of spread within the data set. This supports the previous statement of this report by agreeing that using both central tendency and dispersion are more beneficial than using one or the other.

This table has been extracted from the command window within MATLAB, this table shows that central tendency and dispersion of the data set giving a well perceived and easily understandable stream of information, whilst also giving a firm idea of the data set from the original table.

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
{'O/All Score'   }          56.675      54.5        25.5      9.5    95       21.452

The limitations found whilst using the statistical methods shown in the table above, are not shown within the table although the common issues found whilst using statistical analysis is, in some cases outliers are found hidden within original data sets and most statistical tools will not be able to detect this, another common issue with statistical analysis is due to sample sizes accuracy is not constantly a guarantee, although in this case the MATLAB software would not allow any values to be missed out whilst calculating.

[bookmark: _Toc167743331]Correlation Analysis
Correlation analysis is a form of statistical analysis used to quantify the correlation between two variables. To further support this statement (Pro, 2024) states that “Correlation analysis in research is a statistical method used to measure the strength of the linear relationship between two variables and compute their association.”. This quote taken from the reference agrees with this reports previous statement therefore giving this report more validity and accuracy. The correlation analysis in this case is used to quantify the correlation between the categories in question. This is represented by a scale of minus one to one, meaning if the code generates a score of zero to minus one there is a negative correlation between the two variables, If the score is zero the two variables have no correlation whatsoever, furthermore if the score output is between zero and positive one then there is a weak to strong positive correlation. Within the MATLAB code a matrix containing the correlation coefficient appears in the command window, this is a form of visually showing the user the correlation values before a graph matrix is constructed. This matrix shows the correlation values as stated previously between a range of negative one and positive one, to execute this procedure and create the correlation coefficient matrix successfully the “corr” command was used this allowed MATLAB to generate the matrix whilst using the needed values such as the age, attendance, exam one results as well as the exam 2 results and overall results for each student. 
As an example of the use of the “corr” command this line of code was taken directly from the corresponding code to this report.
CorrCoefMat1 = corr ([Age, Attendance, Exam1, Exam2, Oall]);
Line of code taken from MATLAB showing the “corr” command.
To further extend the visual properties of this correlation coefficient matrix, the “corrplot” function was then used to create a matrix of graphs representing the correlation values between each variables, whilst also providing the correlation score generated by MATLAB within the correlation coefficient matrix, this allows the user to have clear visual confirmation on the correlation between each variables. (QuestionPro, 2024) states that “A correlation matrix is a valuable visual tool to identify the relationships between different variables within a data set, which allows to identify the possible impact each variable could have on one another”. 

[image: A screenshot of a graph
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3-7 Image of correlation matrix generated by the corresponding code on MATLAB

Whilst calculating the correlation between variables the command “ttest2” was used in MATLAB, this command tests the null hypothesis of the two variables ensuring that both variables have equal means against one another (MathWorks, 2024) states that “tests the null hypothesis that the population means are equal against the specified alternative hypothesis.”. As a further explanation a null hypothesis (Hayes, 2023) suggests that a null hypothesis is simply a statistical proses that identifies whether there is any difference between the characteristics of two data sets. To carry out the null hypothesis the two variables under investigation which in this case was the male and female sections of the original data, both data sets first had to be turned into an array to allow MATLAB to calculate the null hypothesis with no issue.  After a null hypothesis is carried out it will return two values a “h” value and a “p” value, If the results of the “h” value is equal to zero then the hypothesis recognises that both data sets are equal in terms of population, within the code written if the “h” value is equal to zero the code will return the phrase "Values submitted failed to reject the null hypothesis”, however if the “h” value returns as any other value then the code will display “"Values submitted rejected the null hypothesis" this phrase suggests that the null hypothesis detects the populations in the data sets being tested are not equal in size, and therefore cannot be tested correctly. To quote (NCL, n.d.) “The null hypothesis H0, is where you assume that the observations are statistically independent i.e. no difference in the populations you are testing.” This statement ensures the validity of this report whilst also proving the codes return commands to be correct. The “p” value within the null hypothesis results represents the probability of the hypothesises accuracy which must be returned above the alpha value of 0.05 this value is used as a standard value whilst determining whether the null hypothesis is valid, it achieves this as such, if the “p” value is greater than the alpha value then the probability of the null hypothesis being correct is higher, the code written in MATLAB will return the text "The test has a higher score than alfa value (0.05) meaning the H value is valid" if this is true. However, if the “p” value falls under the alpha value then the probability of the result being successful is unstable meaning the outputs will not be accurate. Withing the MATLAB code if the “p” value returns a value below the alpha standard then the code will return the text "the test has score low score meaning the null hypothesis is not compatible". 


[bookmark: _Toc167743332]Grouped Data for Exam 1, Exam 2, and O/All Results.
Whilst undertaking this coding task, it was found that grouping the data into separate data sets not only ensured more compact data presentations but also ensured clear statistical results of the data sets in question. To elaborate on this topic after grouping the data into smaller data forms it showed to be more useful whilst giving the ability to analyse the data sets individually with a deeper understanding of the statistical results given and the variables of the data set.  Whilst researching the advantages of grouped data, this reference was found which in the opinion of the report gives the reader an accurate representation of the benefits made available after grouping data into smaller size batches with a common theme, (Team, n.d.) States that the main benefits of grouping data is its improved ability to give more accurate estimation values during this time the grouped data is also improved by being able to give the reader the ability to focus on the more important and vital subpopulations within the data set whilst being able to ignore the unnecessary values within the data set. To further support the previous statements on the benefits of grouping data whilst calculating statistical information on a large original data set (CCEA, 2024) states that whilst grouping quantative data the advantages are as follows, the data is presented in a more compact and easier to analyse form, they also states that grouping data aids the presentation of the distribution of the data. This further proves the staments made by this report. Although in this case the grouping data technique was used to simplify the locations of values within MATLAB, this allows MATLAB to clearly calculate and generate results without overriding any variables saved in singular locations, this was made possible simply by creating matrices and array using various commands as states previously. Through researching the benefits of grouping data within statistics, disadvantages were found, the information of these disadvantages were once again found by (CCEA, n.d.) who states that although grouping data is extremely advantages whilst calculating statistical properties the disadvantages of grouping data are that whilst grouping data it is possible to lose detail of data, whilst also stating the there is no accurate was of calculating the central tendencie or dispersion of grouped data. 
[bookmark: _Toc167743333]Conclusions
In conclusion this report determines that the results from the MATLAB code depicts that although both exam result and the overall results are displayed with the age, attendance, and gender sub populations, only one of the previous categories states has any impact on the mark in each exam. The variables with the highest levels of correlation within the results of the MATLAB code are attendance and each exam result and therefore the overall result. It was speculated at the beginning of this task that gender had an impact on the exam and overall results of each candidate whilst analysing the data outputted from the code in question there is no statistical or identifiable correlation between the gender of the candidates and the results given from exams. The data presents that if the candidates attended classes or lectures more than the results given from the exams would increase, however if the candidates did not attend the classes or lectures frequently then this showed by the candidates being given lower marks on the exam results and therefore having a lower overall mark. Whilst completing this task the strengths encounter is that MATLAB is an extremely useful software whilst calculating statistical values, the other strengths found whilst completing this task is the techniques used such as grouping data and carrying out the null hypothesis test, both of these techniques helped convey information about the results in an easier and more light hearted fashion. Limitations which were encountered whilst carrying out this task are that although MATLAB is an extremely useful and accurate software, finding vital information on commands and how to use them can prove to be difficult under certain circumstances such as finding the “ttest2”.
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[bookmark: _Toc167743335]Appendices 
clc; % Clearing the command window 
clear; % Clearing the workspace window 
close all; % Closing all figures

% ** Pulling data from Orignial Table ** %

T = readtable("student_grades.csv");  % Allowing Matlab to read table
Gender = table2array(T(:,2)); %Pulling gender column out of table and turning it into an array
Age = table2array(T(:,3));  % Pulling age column out of table and turning it into an array
Attendance = table2array(T(:,4));  % Pulling attendance column out of table and turning it into an array
Exam1 = table2array(T(:,5));  % Pulling Exam 1 results column out of table and turning it into an array
Exam2 = table2array(T(:,6));  % Pulling Exam 2 results column out of table and turning it into an array

% ** Calculating and plotting table ** %

%Age%
AgeMean = mean(Age,"all");  % Calculating the mean of the age column
AgeMedian = median(Age,"all"); % Calculating the median of the age column
AgeMode = mode(Age,"all");  % Calculating the mode of the age column
AgeMax = max(Age);  % Identifying the maximum value in the age column
AgeMin = min(Age);  % Identifying the minimum value in the age column
AgeRange = [AgeMin,AgeMax]; % Turning the range values into a vector
Agestd = std(Age);  % Calculating the standard deviation of the age column

%Attendance%
AttMean = mean(Attendance,"all");  % Calculating the mean of the attendance column
AttMedian = median(Attendance,"all");  % Calculating the median of the attendance column
AttMode = mode(Attendance,"all");  % Calculating the mode of the attendance column
AttMax = max(Attendance);  % Identifying the maximum value of the attendance column
AttMin = min(Attendance);  % Identifying the minimum value of the attendance column
AttRange = [AttMin,AttMax]; % Turning the range values into a vector
Attstd = std(Attendance);  % Calculating the standard deviation of the attendance column 

%1st Exam Score%
Exam1Mean = mean(Exam1,"all"); % Calculating the mean of the 1st exam results column
Exam1Median = median(Exam1,"all");% Calculating the median of the 1st exam results column
Exam1Mode = mode(Exam1,"all"); % Calculating the mode of the 1st exam results column
Exam1Max = max(Exam1); % Identifying the maximum vaule of the 1st exam results column
Exam1Min = min(Exam1); % Identifying the minimum vaule of the 1st exam results column
Exam1Range = [Exam1Min,Exam1Max]; % Turning the range values into a vector
Exam1std = std(Exam1); % Calculating the standard deviation of the 1st exam results coulmn

%2nd Exam Score%
Exam2Mean = mean(Exam2,"all"); % Calculating the mean of the 2nd exam results column
Exam2Median = median(Exam2,"all"); % Calculating the median of the 2nd exam results column
Exam2Mode = mode(Exam2,"all"); % Calculating the mode of the 2nd exam results column
Exam2Max = max(Exam2); % Identifying the maximum vaule of the 2nd exam results column
Exam2Min = min(Exam2); % Identifying the minimum vaule of the 2nd exam results column
Exam2Range = [Exam2Min,Exam2Max]; % Turning the range values into a vector
Exam2std = std(Exam2); % Calculating the standard deviation of the 2nd exam results coulmn

%OverAll Score%
Oall = (Exam1 + Exam2)./2; % Calculating the overall average of both exams to calculate the other equations
OallMean = mean(Oall,'all'); % Calculating the overall mean of exam 1 and 2
OallMedian = median(Oall,"all"); % Calculating the overall median of exam 1 and 2 
OallMode = mode(Oall,"all"); % Calculating the overall mode of exam 1 and 2
OallMax = max(Oall); % Identifying the overall maximum between exam 1 and 2
OallMin = min(Oall); % Identifying the overall minimum between exam 1 and 2 
OallRange = [OallMin,OallMax]; % Turning the overall range values into a vector 
Oallstd = std(Oall); % Calculating the overall standard deviation of exam 1 and 2 

%Creating Vectors for Table%
Variable =[{'Age'};{'Attendance'};{'1st Exam Score'};{'2nd Exam Score'};{'O/All Score'}]; % Submitting the variable tittles into a vector 
Mean = [AgeMean;AttMean;Exam1Mean;Exam2Mean;OallMean]; % Submitting the mean values into a vector 
Median =[AgeMedian;AttMedian;Exam1Median;Exam2Median;OallMedian]; % Submitting the median values into a vector 
Mode =[AgeMode;AttMode;Exam1Mode;Exam2Mode;OallMode]; % Submitting the mode values into a vector 
Range =[AgeRange;AttRange;Exam1Range;Exam2Range;OallRange]; % Submitting the range values into a vector 
std =[Agestd;Attstd;Exam1std;Exam2std;Oallstd]; % Submitting the standard deviation values into a vector 

%Plotting Tables%
VN = {'Variable' , 'Mean' , 'Median' , 'Mode' , 'Range' , 'std'}; % This is the variable names shown at the top of the table 
t1 = table(Variable,Mean,Median,Mode,Range,std,'VariableNames',VN); % Plotting the table which is shown in the command window
display(t1); % Commanding Matlab to display the table 

%Generating Correlation Matrix%
disp(" Matrix showing the correlation coefficient of the table above."); % Displaying title above the table in the command window
CorrCoefMat1 = corr([Age,Attendance,Exam1,Exam2,Oall]); % Arranging the variables into a correlation coefficient matrix
disp(CorrCoefMat1); % Displaying correlation coefficient matrix

%Plotting Correlation Matrix Graphs%
figure name 'Correlation Matrix'; % Labeling the figures title
AxesNames1 = {'Age','Attendance','Exam1','Exam2','Oall'}; % Labeling all axis on the correlation graph matrix
corrplot([Age,Attendance,Exam1,Exam2,Oall],'VarNames',AxesNames1,TestR='on'); % Using the corrplot function to plot the correlation graph matrix

%Plotting Gender table%
GenderTable = table(Gender,Oall); % Creating a gender table to split into male and female in the next steps

%Creating Male score array%
ML=strcmp(Gender,'Male'); % Using the strcmp the compare the strings within the table 
IndM=find(ML==1); % Using the  find command to identify all the male locations within the table 
MaleR=Oall(IndM); % Generating a vector of the male reuslts

%Creating Female Score Array%
FL = strcmp(Gender,'Female'); % Using the strcmp the compare the strings within the table
IndF = find(FL==1); % Using the  find command to identify all the female locations within the table
FemaleR = Oall(IndF); % Generating a vector of the female reuslts


%Comparing Male and Female Results%
[h,p] = ttest2(MaleR,FemaleR); % Testing the null hypothesis of the male and female results.

if h == 0 % Setting specifications of the result
    HValue = "Values submitted failed to reject the null hypothesis"; % This will return in the command window if the result matches the specification
else
    HValue = "Values submitted rejected the null hypothesis"; % This will display in the command window if the specifications are not met
end

if p > 0.05 % Setting specifications of the result
    PValue = "The test has a higher score than alfa value (0.05) meaning the H value is valid"; % This will return in the command window if the result matches the specification
else
    PValue = "the test has score low score meaning the null hypothesis is not compatible"; % This will display in the command window if the specifications are not met
end

disp(HValue); % Displaying the results from the null hypothesis test

disp(PValue); % Displaying the results from the null hypothesis test


%Identifying the Variables with strong correlations%

% After reviewing the correlation matrix which was
% plotted with the corrplot command, it shows the
% scores with the strongest correlation is with the 
% attendace and Exam 1 (0.89), Exam 2(0.83) and the
% Oall(0.88). 

% This shows there is a strong correlation between
% Exam 1, Exam 2 and the overall scores. Suggeting 
% there is no correlation between the scores and the
% age or the gender of the people taking the test.

%Visualisation of grouped data%
Edges = 0:10:100; % Generating the edges for the histogram and OGIVES

Freq1 = histcounts(Exam1,Edges); % Calculating the frequency of each class defined by vector edges
Freq2 = histcounts(Exam2,Edges); % Calculating the frequency of each class defined by vector edges
Freq3 = histcounts(Oall,Edges); % Calculating the frequency of each class defined by vector edges

YlimM = max([Freq1 Freq2 Freq3])+1; % setting the y axis limits for the histograms and ogives

%PLotting Histograms%;
figure name 'Histograms'; % Labeling the Histogram vector
subplot(1,3,1); %Identifying the location of the histogram within the vector
histogram('BinCounts',Freq1,'Binedges',Edges); %Plotting histogram
title('Exam 1 Histogram'); % Creating a title for the histogram
xlabel('Class Limits'); % Labeling X axis
ylabel('Frequency'); % Labeling Y axis
xticks(Edges); % Sets ticks spacing 
ylim([0,YlimM]); % Sets limits of Y axis 
grid; % Creates grid on the histogram

subplot(1,3,2); %Identifying the location of the histogram within the vector
histogram('BinCounts',Freq2,'Binedges',Edges); %Plotting histogram
title('Exam 2 Histogram'); % Creating a title for the histogram
xlabel('Class Limits'); % Labeling X axis
ylabel('Frequency'); % Labeling Y axis
xticks(Edges); % Sets ticks spacing 
ylim([0,YlimM]); % Sets limits of Y axis 
grid; % Creates grid on the histogram

subplot(1,3,3); %Identifying the location of the histogram within the vector
histogram('BinCounts',Freq3,'Binedges',Edges); %Plotting histogram
title('O/All Results Histogram'); % Creating a title for the histogram
xlabel('Class Limits'); % Labeling X axis
ylabel('Frequency'); % Labeling Y axis
xticks(Edges); % Sets ticks spacing 
ylim([0,YlimM]); % Sets limits of Y axis 
grid; % Creates grid on the histogram

%Calculative data for OGIVES%

CL = 0:10:100; % Setting X axis 

RF1 = Freq1/sum(Freq1); % Generating relative frequency
CRF1 = cumsum(RF1); % Generating cumulative relative frequency
ICRF1 = cumsum(RF1,'reverse'); % Generating inverse cumulative relative frequency

RF2 = Freq2/sum(Freq2); % Generating relative frequency
CRF2 = cumsum(RF2); % Generating cumulative relative frequency
ICRF2 = cumsum(RF2,'reverse'); % Generating inverse cumulative relative frequency

RF3 = Freq3/sum(Freq3); % Generating relative frequency
CRF3 = cumsum(RF3); % Generating cumulative relative frequency
ICRF3 = cumsum(RF3,'reverse'); % Generating inverse cumulative relative frequency

%Plotting OGIVES%
figure name 'OGIVES' % Labeling the figure

%Plotting less than OGIVE Exam 1%
subplot(1,3,1); % Locating the ogive to a position in the vector
plot(Edges,[0,CRF1],'color','r','Marker','o','MarkerFaceColor','r'); %Plotting less than OGIVE with the correct line colors
hold on % Telling the firt plotted line to stay

%Plotting more than OGIVE Exam 1%
plot(Edges,[ICRF1 0],'color','b','Marker','o','MarkerFaceColor','b');%Plotting more than OGIVE with the correct line colors

%Labeling Exam 1%
xticks(Edges); % setting the x ticks
yticks(0:0.1:1); % setting the y ticks
xlabel('Class Limits'); % labeling x axis
ylabel('Cumulative Relative Frequency'); % labeling y axis
grid; % generating grid on the OGIVE
title('Exam1 Ogives');


%Plotting less than OGIVE Exam 2%
subplot(1,3,2); % Locating the ogive to a position in the vector
plot(Edges,[0,CRF2],'color','r','Marker','o','MarkerFaceColor','r'); %Plotting less than OGIVE with the correct line colors
hold on % Telling the firt plotted line to stay

%Plotting more than OGIVE Exam 2%
plot(Edges,[ICRF2 0],'color','b','Marker','o','MarkerFaceColor','b');%Plotting more than OGIVE with the correct line colors

%Labeling Exam 2%
xticks(Edges); % setting the x ticks
yticks(0:0.1:1); % setting the y ticks
xlabel('Class Limits'); % labeling x axis
ylabel('Cumulative Relative Frequency'); % labeling y axis
ylim([0,1]);
grid; % generating grid on the OGIVE
title('Exam2 Ogives');

%Plotting less than OGIVE Oall%
subplot(1,3,3); % Locating the ogive to a position in the vector
plot(Edges,[0,CRF3],'color','r','Marker','o','MarkerFaceColor','r'); %Plotting less than OGIVE with the correct line colors
hold on % Telling the firt plotted line to stay

%Plotting more than OGIVE Oall%
plot(Edges,[ICRF3 0],'color','b','Marker','o','MarkerFaceColor','b');%Plotting more than OGIVE with the correct line colors

%Labeling Oall%
xticks(Edges); % setting the x ticks
yticks(0:0.1:1); % setting the y ticks
xlabel('Class Limits') % labeling x axis
ylabel('Cumulative Relative Frequency'); % labeling y axis
ylim([0,1]);
grid % generating grid on the OGIVE
title('O/All Ogives');



image1.png
Exam2 Exam1 Atten Age

Qall

Correlation Matrix

20 30 40 5 O 50 100 20 40 60 80 1000 50 100 20 40 60 80 100
Age Atten Exam1 Exam2 Qall




