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INTRODUCTION

This report explores the application of statistical methods used in analysing student grades with MATLAB. Student grades were added to MATLAB and a code was written to perform statistical analysis to ascertain any factors which effected student performance. The dataset provided include the following columns: Student ID, Gender, Age, Attendance percentage, First exam score and Second exam score. 

MATLAB functions were run on the dataset to find the mean, median, mode, range and the standard deviation with TABLE function used to show the summary statistics. The results of both tests were grouped together and the HISTOCOUNTS function was used to provide visualisation of the results. Works used to research the report include ‘A MATLAB Tutorial’ by Ed Overman which helped explain the use of various functions, and ‘Naked Economics – Undressing the Dismal Science’ which provided insights on the interpretation of data. 
















DATA IMPORT AND SUMMARY STATISTISCS

Student grades were added from the CSV file using the READTABLE function which creates a table by reading column-oriented data from the datafile.  The overall average of the student grade from both exams were added to the student data. Another table was generated to show grades for male and female students and was converted into an array/matrix. The summary statistics were generated by using the ‘mean(numerical  Data)’ function with the word mean replaced with ‘median’ and ‘ mode’ for their functions. ‘min(numerical_Data)’ and ‘max(numerical_Data)’ were used to calculate the minimum and maximum of the numerical variables and [min_Array, max_Array] was used to calculate the range. The function  ‘std(numerical_Data)’ was used to calculate the standard deviation.

Limitation of Summary Statistics

The first average taken from the student data was the mean. Use of the mean when analysing results can be problematic due the outliers in the data. If one or two students scored very highly compared to the other students, then the mean could be higher than the majority of the other students’ grades which could give a misleading representation of the data’s central tendency. The use of median can also give an inaccurate picture of the results because it does not take in to account the precise value of each data point. However, use of the median is not affected as much as the mean when it comes to evaluating outliers in the data (Hennink M, Kaiser BN 2021). Using the range does not give information about the distribution between the minimum and maximum values. The limitations of the mode can be that a data set can have more than one mode and it does not provide information on the overall data distribution. The standard deviation analyses can provide a detailed picture of data dispersion relative to the mean but can still be sensitive to outliers in the data and potential misinterpretations when applied to non-normal distributions.






CORRELATION ANALYSIS

A correlation matrix is a statistical technique used to evaluate the relationship between two variables in a data set. The matrix is a table in which every cell contains a correlation coefficient, where 1 is considered a strong relationship between variables, 0 is a neutral relationship and -1 is not a strong relationship (builtin.com, n.d.) 
The results show that there is no discernible difference in the exam results based on gender. The hypothesis test returned a value of h = 0 which suggests the means are approximately equal given the sample. 
The age of students was also not a factor in determining how highly they scored on the tests. The overall test scores when correlated with the ages of students showed a standard deviation of -0.04. 
The results show that the most significant factor that influenced student grades is their attendance.  A standard deviation of 0.88 for the combined test results show that the students with the highest attendance had the highest grades and students with the lowest attendance had the lowest grades. 















GROUPED DATA

Grouping the data allows for the simplifying of larger datasets making them easier to interpret. Summarising the data into groups can make patterns and trends more visible especially when the data is displayed in bar charts or histograms. Grouping data also helps to minimise random fluctuations or outliers in the data which shows a clearer picture of the underlying trends. 

While grouping data can simplify the results and make plotting graphs easier it can also lead to a loss in accuracy. Grouped data will not be as accurate as the raw data. Arbitrary grouping can also result in misleading conclusions. Careful selection of groupings and awareness of the limitations of the groups can mitigate the potential drawbacks such as loss of detail and the risk of oversimplification. 

















CONCLUSION
The report shows how MATLAB is a useful tool for data analysis due to its ease of use and its built-in functions which enable quick implementation of sophisticated algorithms without needing to write extensive code from scratch. 

The key findings are that there is no correlation between a students age or their gender when compared with their exam results. The only parameter which showed a strong correlation with test results was attendance. The results showed that students with high attendance outperformed students with low attendance. 

The statistical analysis used was adequate given the different types of analysis used. If only the mean or only the median was in used in MATLAB then the results would not have given a full representation of the data. By using functions that gave the mean, median, range and standard deviation the inaccuracies in the report were minimised.

The tables and histograms generated in MATLAB gave a good visualisation of the results which made it easier to understand the data and to spot trends. 
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APPENDIX

clc % Resets all of the variables in the workspace
clear % Clears the command window
close all % Closes all of the open figures

% TASK 1 - Data import and summary statistics

% A - Import the data into Matlab
student_Data = readtable("student_grades.csv"); % Load the grades from the CSV file
% Calculate the overall (average) score and add it to the student data
student_Data.("Overall") = (student_Data.("Exam_1") + student_Data.("Exam_2")) / 2;

gender_Data = student_Data(:, "gender"); % Create a separate table for student genders (to be used later)
% Separates useful numerical date (age, attendance, scores, etc) (column 3 onwards) and converts it into an array/matrix
numerical_Data = table2array(student_Data(:, 3:end));

% B - Compute summary statistics for numerical variables
mean_Array = mean(numerical_Data)'; % Calculate the means for each of the numerical variables
median_Array = median(numerical_Data)'; % Calculate the medians for each of the numerical variables
mode_Array = mode(numerical_Data)'; % Calculate the modes for each of the numerical variables
min_Array = min(numerical_Data)'; % Calculate the mins for each of the numerical variables
max_Array = max(numerical_Data)'; % Calculate the maxes for each of the numerical variables
range_Array = [min_Array, max_Array]; % Calculate the ranges for each of the numerical variables
std_Array = std(numerical_Data)'; % Calculate the std deviation for each of the numerical variables

% C - Use table to display the summary statistics
% Create a cell of strings to be used as the left-most column to label variables
var_Names = {'Age'; 'Attendance'; '1st Exam Score'; '2nd Exam Score'; 'O/All Score'};
% Another cell of strings but this time used as headings for each column
col_Headings = {'Variable'; 'Mean'; 'Median'; 'Mode'; 'Range'; 'Std'}; 
% Combines previous summary statistics into a single table, using the previous strings as headings and label
summary_Table = table(var_Names, mean_Array, median_Array, mode_Array, range_Array, std_Array, VariableNames=col_Headings);
disp(summary_Table) % Displays on a separate line to make output look slightly cleaner

% TASK 2 - Correlation Analysis

% A - Return a matrix of the pairwise linear correlation coefficients between variables
% Create simple matrix ready for the corr function, stacks the numerical data on top of itself
corrCo_Matrix_Raw = [numerical_Data(:,:);numerical_Data(:,:)];
% Use the Corr function on the previous data, using pairwise rows
corrCo_Matrix = corr(corrCo_Matrix_Raw, "rows", "pairwise");

disp(corrCo_Matrix) % Displays on a separate line to make output look slightly cleaner

% B - Use corrplot to visualise the matrix's results
figure Name 'Correlation Coefficient' % Create a figure window for the corrplot with appropriate name

var_Names = {'Age', 'Attnd', 'Exam1', 'Exam2', 'O/All'}; % Create a cell of strings used to identift variables
% Use the corrplot function to generate a visual correlation matrix, using testr on to help identify high correlation coefficients
corrCo_Plot = corrplot(corrCo_Matrix_Raw, 'VarNames', var_Names, TestR = 'on'); 

% C - Examine the relationship between Gender and overall using an hypothesis test

% Organise the data, in this case gender and overall exam score in 1 table
% Create a table that uses gender and overall score
gender_Score = table(student_Data{:, "gender"}, student_Data{:, "Overall"}, VariableNames={'Gender', 'Overall'});

% Group the data by gender
 % Get only the male scores by filtering the previous table by gender
male_Score = gender_Score(gender_Data{:,1} == "Male", "Overall"); % Return the overall value when Gender = 'Male'
female_Score = gender_Score(gender_Data{:,1} == "Female", "Overall"); % Return the overall value when Gender = 'Female'

% Convert Table to matrix
male_Score = table2array(male_Score); % Converts the previous tables to array / matrix for ease of use
female_Score = table2array(female_Score);

% Hypothesis Test
% use ttest2 to conduct an hypothesis test against male and female scores, h0 being same/similar means
[h,p] = ttest2(male_Score, female_Score);

%If h=0 promote the null hypothesis
if h == 0
    hVal_Str = "which suggests the means are approximately equal given the samples";
%Else Suggest an alternative hypothesis
else
    hVal_Str = "which suggests that the means are not equal given the samples";
end

% If p is greater than 0.05 (default alpha values), state it is more likely that the means are equal
if p > 0.05
    pVal_Str = "which is greater than an alpha of 0.05, so there is not likely enough to reject h0";
%Else Suggest an alternative hypothesis
else
    pVal_Str = "which is less than an alpha of 0.05, so there it is likely h0 can be disproven";
end

% Display the results
% fprint responses based on the hypothesis test result
fprintf("The hypothesis test returned a value of h = %i which %s\n", h, hVal_Str) 
fprintf("The hypothesis test also returned a value of p = %f which %s\n", p, pVal_Str) 

% D - Identify strongly related variables to exam results
% Using the generated correlation matrix as suggested 'TestR' which
% highlights values in red, exam scores are likely to be strongly related
% (which is expected) as well as the attendance of the student with a
% correlation coefficient 0.89 to exam1, 0.83 to exam2, and 0.88 to the
% overall exam score.
% Also as shown by the hypothesis test, it is unlikely that gender is
% related.

% E - Discuss the implications of the results
% The implications of this would be that in general, a higher attendance
% would suggest that a student would achieve a higher exam score, with
% little no interference by any other variable that has been identified
% within the given data

% TASK 3 - Visualise grouped data for exam1, exam2, and overall score

% A - Use histcounts to determine frequency
% Use histcounts on the numerical data, with a bin width of 10, to return the count of each bar as well as the edges for exam 1
[E1_Count, E1_Edges] = histcounts(numerical_Data(:, 3), "BinWidth", 10);
[E2_Count, E2_Edges] = histcounts(numerical_Data(:, 4), "BinWidth", 10); % Same as above but for Exam 2
[Overall_Count, Overall_Edges] = histcounts(numerical_Data(:, 5), "BinWidth", 10); % Same as above but for the Overall score

% B - Use histogram to plot histograms in a single figure
figure Name 'Histograms' % Generate a figure window ready for the histograms with an appropriate name

subplot(1, 3, 1) % Use subplot to place items in the figure (1 row, 3 columns, 1st position)
% Use the histogram function to create a histogram using the previous values for Exam1 as the count and edges
histogram('BinCounts', E1_Count, 'BinEdges', E1_Edges)
title('Exam 1 Histogram') % Assign an appropriate title for the histogram
xlabel('Class Limits') % Assign an appropriate label for the x axis
ylabel('Frequency') % Assign an appropriate label for the y axis
ylim([0, 22]) % Set the ylimit appropriately to compare to the other histograms
grid on % Turn gridlines on

subplot(1, 3, 2) % Use subplot to place items in the figure (1 row, 3 columns, 2nd position)
% Use the histogram function to create a histogram using the previous values for Exam2 as the count and edges
histogram('BinCounts', E2_Count, 'BinEdges', E2_Edges)
title('Exam 2 Histogram') % Assign an appropriate title for the histogram
xlabel('Class Limits') % Assign an appropriate label for the x axis
ylabel('Frequency') % Assign an appropriate label for the y axis
ylim([0, 22]) % Set the ylimit appropriately to compare to the other histograms
grid on % Turn gridlines on

subplot(1, 3, 3) % Use subplot to place items in the figure (1 row, 3 columns, 3rd position)
% Use the histogram function to create a histogram using the previous values for the overall score as the count and edges
histogram('BinCounts', Overall_Count, 'BinEdges', Overall_Edges)
title('O/All Exam Histogram') % Assign an appropriate title for the histogram
xlabel('Class Limits') % Assign an appropriate label for the x axis
ylabel('Frequency') % Assign an appropriate label for the y axis
ylim([0, 22]) % Set the ylimit appropriately to compare to the other histograms
grid on % Turn gridlines on

% C Use plot to plot, in a single figure, more than and less than Ogives for exam1, exam2, and overall score

% Calculate the Exam 1 < & > Ogives
% Get the cumulative sum (cumsum) of the frequency/count (as a percentage) for the < Ogive
Exam1_LessThan = cumsum(E1_Count/sum(E1_Count)); 
Exam1_LessThan = [0, Exam1_LessThan]; % Add a zero to the beginning because 0 is minimum, nothing < 0
E1_MoreThan = 1 - Exam1_LessThan; % 1 - the matrix to calculate the > Ogive

% Calculate the Exam 2 < & > Ogives
% Get the cumulative sum (cumsum) of the frequency/count (as a percentage) for the < Ogive
Exam2_LessThan = cumsum(E2_Count/sum(E2_Count)); 
Exam2_LessThan = [0, Exam2_LessThan]; % Add a zero to the beginning because 0 is minimum, nothing < 0
Exam2_MoreThan = 1 - Exam2_LessThan; % 1 - the matrix to calculate the more than Ogive

% Calculate the Overall Exam Score Ogives
% Get the cumulative sum (cumsum) of the frequency/count (as a percentage) for the < Ogive
Overall_LessThan = cumsum(Overall_Count/sum(Overall_Count)); 
Overall_LessThan = [0, Overall_LessThan]; % Add a zero to the beginning because 0 is minimum, nothing < 0
Overall_MoreThan = 1 - Overall_LessThan; % 1 - the matrix to calculate the > Ogive

figure Name 'Ogives' % Generate a figure window ready for the Ogives with an appropriate name

subplot(1, 3, 1) % Use subplot to place items in the figure (1 row, 3 columns, 1st position)
% Plot the more than and less than Ogives for exam2, using the previous Ogive data and the edges calculate from the histcount (Marker settings by preference)
Exam1_OgivePlot = plot(E1_Edges, E1_MoreThan, E1_Edges, Exam1_LessThan, Marker='.', MarkerSize=10); 
Exam1_OgivePlot(1).Color = 'blue'; % Set the Exam1 > Ogive (first line) to blue
Exam1_OgivePlot(2).Color = 'red'; % Set the Exam1 < Ogive (second line) to red
title("Exam 1 Ogives"); % Give the plot an appropriate title
xlabel("Class Limits") % Assign an appropriate label for the x axis
ylabel("Cumulative Relative Frequency") % Assign an appropriate label for the y axis
grid on % Turn gridlines on

subplot(1, 3, 2) % Use subplot to place items in the figure (1 row, 3 columns, 2nd position)
% Plot the more than and less than Ogives for exam2, using the previous Ogive data and the edges calculate from the histcount (Marker settings by preference)
Exam2_OgivePlot = plot(E2_Edges, Exam2_MoreThan, E2_Edges, Exam2_LessThan, Marker='.', MarkerSize=10);
Exam2_OgivePlot(1).Color = 'blue'; % Set the Exam2 > Ogive (first line) to blue
Exam2_OgivePlot(2).Color = 'red'; % Set the Exam2 < Ogive (second line) to red
title("Exam 2 Ogives"); % Give the plot an appropriate title
xlabel("Class Limits") % Assign an appropriate label for the x axis
ylabel("Cumulative Relative Frequency") % Assign an appropriate label for the y axis
grid on % Turn gridlines on

subplot(1, 3, 3) % Use subplot to place items in the figure (1 row, 3 columns, 3rd position)
% Plot the more than and less than Ogives for the overall exam score, using the previous Ogive data and the edges calculate from the histcount (Marker settings by preference)
Overall_OgivePlot = plot(Overall_Edges, Overall_MoreThan, Overall_Edges, Overall_LessThan, Marker='.', MarkerSize=10);
Overall_OgivePlot(1).Color = 'blue'; % Set the overall score > Ogive (first line) to blue
Overall_OgivePlot(2).Color = 'red'; % Set the overall score < Ogive (second line) to red
title("O/All Ogives"); % Give the plot an appropriate title
xlabel("Class Limits") % Assign an appropriate label for the x axis
ylabel("Cumulative Relative Frequency") % Assign an appropriate label for the y axis
grid on % Turn gridlines on
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