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[bookmark: _Toc167720566]Introduction
[bookmark: _Toc167720567]Objectives
This report aims to show how MATLAB can be used to perform various statistical analysis on a dataset containing student information and grades. The analysis will include measures of central tendency such as the mean, median and mode; and measures of dispersion such as range and standard deviation. A correlation analysis will also be programmed and visualised to highlight the variables, which can then be used to compare trends and what these patterns imply. The objective is, using statistical analysis methods from raw data to programme MATLAB to process the dataset to highlight the variables that affect the student’s exam results and the factors that do not.

[bookmark: _Toc167720568]Overview of Dataset
The dataset provided consisted of a list of 100 students and their results from two exams. The file provided was in a Comma-Separated Value (csv) format and contained the following column headings;
· Student ID number 
· Gender
· Age
· Attendance
· Exam1 Result 
· Exam 2 Result

[bookmark: _Toc167720569]
Data Import and Summary Statistics
[bookmark: _Toc167720570]Data Import Process
The following process was followed in importing and sorting the dataset; 
· The dataset was imported into MATLAB using the function ‘readtable’. The advantage of using this function is that it can ‘import both numbers and strings’ and ‘the output from this function is always a table, even when the source doesn’t contain tabular data.’ (Mueller & Sizemore, 2021, p. 320) This was the perfect function to import the dataset as the file provided was of .csv format and contained both strings and numbers. Another advantage of ‘readtable’ is that it always assumes the first row of data are the column names, which was required in this case. 
· An extra variable ‘Overall’ was created to add to the dataset which was the average score for each student over the 2 exams. (Figure 1)
· A table array was created using the function ‘table2Array’ as shown in figure 1 on the line ‘Numerical_Values = table2array(Data’. This function was used as it can convert the table to a homogenous array table, thus disposing of the table properties such as row or column names and uses the variables (in Data) as columns in the ‘Numerical_Values’ table. This table array can then be used for the summary statistics values such as calculating the measures of central tendency and dispersion.
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Figure 1- Dataset Import Program

· The summary statistics were then calculated using measures of central tendency (mean, median and mode) and dispersion (Range and Standard deviation) using maximum and minimum values in the range shown in figure 2. 
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Figure 2- Measures of Central Tendency and Dispersion Program

· The function ‘table’ was then used to display the summary statistics in the command window as shown in Table 1.

[bookmark: _Toc167720571]Summary Statistics

Table 1- Summary Statistics
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[bookmark: _Toc167720572]Limitations of the summary statistics 
The summary statistics limitations of central tendency such as mean, median and mode are that they do not provide information of the scope of the data distribution. For example, the mean and median values do not show how far apart the best students results are to the worst students results. For example, the data in table 1 shows that the mean of the overall results was 58.27. But the whole class could have had the same results to make this mean value, or the same mean  results could be achieved if half the class did twice as bad if the other half of the class did twice as well. This is where measures of dispersion such as range and standard deviation are better at showing the broader picture. Range is calculated by taking the difference between the maximum and minimum values, and can be expressed as the difference, or as in this case, expressed in its ‘max’ and ‘min’ form. The limitations of ‘Range’ though are that it only considers the extreme variables and doesn’t consider the behaviour of the intermediate values. This is where measures of variance and standard deviation are better suited.
Standard Deviation takes every value or variable into account and can be found by first finding the variance from the ‘mean’ set of values. Variance is defined as ‘the average squared deviation of the data from the mean’ (Etter, 1993, pp. 94-95), with standard deviation defined as the square root of the variance. A low value standard deviation indicates that the values are closer to the mean value of the set, while a high standard deviation indicates that the values are spread out over a broader range. Table 1 shows us that age has the lowest standard deviation, meaning the spread of ‘age’ is close to the mean and ‘attendance’ has the highest, so the spread is wider from the mean, despite the largest range value coming from ‘2nd Exam Score’, again highlighting the limitations of central tendency and range as a measure of dispersion.
Another limitation of the summary statistics is that it is impossible to visualise any trends or patterns in the data between two variables and their implications. Such as, whether there are any relationships between gender or attendance and how well the students performed, or any trend or comparisons between success in the first exam and second exam. This is where correlation analysis can be used to visualise the scatter plots which will help interpret the similarities.   


[bookmark: _Toc167720573]Correlation Analysis
[bookmark: _Toc167720574]Correlation matrix process.
To implement the correlation analysis a matrix was created to visualise the correlation. This was done using the following steps.
· The function ‘corr’ was used to return a matrix of the pairwise linear correlation coefficient.
· ‘corrplot’ was then used to visualise the correlation matrix.
· To create a group of different categories, a gender table was created from the dataset and added to a separate table alongside ‘Overall Score’.
· This data table was then used to categorise the overall exam results with genders, male and female.
· This table was then converted to a homogenous array using the  function ‘table2array’ to collect the values and split between the genders.
· A hypothesis test was then implemented using the ‘ttest2’ function to assess the difference in exam results between the genders.

[bookmark: _Toc167720575]Correlation Analysis Implications 
Interpretation of the correlation matrix implies that a correlation value of -1 and 1 has the strongest correlation with values of around 0 showing very little or no correlation between the variables as shown in figure 3.
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Figure 3- Correlation Matrix
The correlation matrix (figure 3) highlights the following correlations.
· A very strong correlation of 0.97 between Exam one and Overall Score. This implies that students who did well in the first exam, did well overall.
· A very strong correlation of 0.97 between Exam two and Overall Score. This implies that students who did well in the second exam, did well overall.
· A strong correlation of 0.89 between Exam one and Exam two. This implies that students who did well in the first exam also did well in the second.
· The correlation between Attendance and Exam one = 0.89. The correlation between Attendance and Exam two is not as strong at 0.83 and the correlation between attendance and the Overall score is slightly less than Exam one at 0.88. The implications of this are that the higher the attendance the better the exam result. However, this is more significant in Exam one than Exam two which agrees with the measures of central tendency from Table 2 as the mean, median and mode values from exam one was higher than exam two. 
· There was practically no correlation between Age and the exam one, exam two or overall score with correlation values of -0.04, -0.05 and -0.04 respectively. 
These correlations are not only visible from the values and sloping or near vertical lines but also from the dispersion of the scatter plots. The strong correlations have a steeper gradient, and the scatter is tight around the line, as opposed to the near vertical line of  the ‘Age’ matrix and a broad dispersion of plots.
The hypothesis test ‘ttest2’ was needed to group the gender and overall score data because the ‘corr’ and ‘corrplot’ functions cannot compute numerical and verbal instructions, or strings, in this case, male and female, with the overall exam scores. ‘The ‘ttest2’ function is used to test the null hypothesis that the two data samples are from populations with equal means. The alternative hypothesis is that the data comes from populations with unequal means.’ (The Mathworks, 2024) The test will reject the null hypothesis at the 5% significance level if the result is h = 1, otherwise it will return a value of h = 0. In this case the result was h = 0 which suggests that the means are equal, and the p value was greater than the 5% significance level (0.05) at 0.437 which suggests there is unlikely enough to reject the h = 0 result (null hypothesis). So, because the means of the differences of the sampling distribution, or population, are equal which returns a value of 0 in the hypothesis test, this suggests there is no correlation between gender and the exam results.   


[bookmark: _Toc167720576]Grouped Data for Exam 1, Exam 2, and O/All Results
Grouping data in statistical analysis has many advantages, such as, simplifying the data for computation of summary statistics (mean, median, mode etc.), comparison between groups by revealing patterns as revealed in the correlation matrices, or differences that might be obscured in ungrouped data. This can be visualised using bar charts, histograms, ogives and other graphical representations that make comparison between groups more straightforward.
The frequency histogram shown in figure 4 was programmed to visualise the frequency of attaining a specific score in exam one, exam two and overall. The standout here is the high frequency of 21 in achieving a grade between 50 and 59 in exam one. This agrees with the summary statistics in Table 1 which shows the mean, median and mode in exam one all being within the 50 to 59 limits. It also shows the frequency more grouped in exam two between 30 and 89 limits with no bar standing out, and that the higher limit of 90 to 99 was only achieved on 4 occasions in comparison to 7 in the first exam. This is also consistent with the summary statistics which suggests an overall worse performance in exam 2 and consequently the overall results.
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Figure 4- Histogram plot showing the frequency of the exam results against class limits

The ogive plot in figure 5 allows for the observations that lie above or below a particular value in our dataset. It shows the cumulative relative frequency polygon ‘less than’, shown in red, and the cumulative relative frequency ‘more than’, shown in blue. Whereas the histogram in figure 4 gives good visualisations of each limit bracket in multiples of 10, the ogive plot better represents the entire frequency up to or more than a specific limit. For example, for the student grades the ogive plot shows that in exam one, 20% of students scored less than 40, but in exam two there were more at 25%. It also shows the 50% intersection is slightly higher on the exam one ogive plot than exam two, which again, agrees with the summary statistics in Table 1. 
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Figure 5- Ogive plot showing the cumulative relative frequency of the exam results













[bookmark: _Toc167720577]Discussion and Conclusion
The key findings from the statistical analysis of the student grades are that the students performed slightly better in exam one than in exam two with the mean and median values indicating that the highest percentage of students’ results were scores between 50% and 60% in both exams. However, there are limitations to analysing measures of central tendency such as the dispersion of the data and that range and standard deviation can be used to better effect. Although, range only considers the extreme variables and doesn’t consider the behaviour of the intermediate values. Measures of variance and standard deviation are better suited to get an idea of the dispersion of the data, with low value standard deviation results indicating that the values are closer to the mean value of the set, while a high standard deviation indicating that the values are spread out over a broader range. The limitations to summary statistics are the difficulties in visualising trends or patterns in the data between two variables. Such as, whether there are any relationships between gender or attendance and how well the students performed, or any trend or comparisons between success in the first exam and second exam. This is where correlation analysis can be used to visualise the scatter plots which will help interpret the similarities between two groups.   
The results suggested a very strong correlation between Exam one and Overall Score which implies that students who did well in the first exam, did well overall, as was the case with the second exam. There was also a strong correlation between Exam one and Exam two implying that students who did well in the first exam also did well in the second.
The most significant finding from the correlation matrix though was the relationship between attendance and each exam. The implications of a high correlation value are that the higher the attendance the better the exam result. However, this is more significant in Exam one than Exam two which agrees with the measures of central tendency from Table 2 as the mean, median and mode values from exam one is higher than exam two. The limitations of this analysis are that there is no data for the attendance prior to each exam or the time between each exam, only an overall attendance. It could be that the attendance prior to exam one was higher with an amount of time before exam two that had less attendance between them. Or it could simply be the case that exam two was more difficult for the students. 
There was practically no correlation between Age and the exam one, exam two or overall score, and the hypothesis test that was used to group two sets of data with different inputs, in this case, numerical data of the exam scores and written data of male and female, indicated no pattern between gender and exam results. All these cases exemplify how useful it is to group data in statistical analysis to visualise the results and highlight similarities, trends or correlations between the datasets.
This report highlights how statistical analysis can be used to better understand relationships between two or more sets of data and how effective MATLAB can be in organising and presenting this data by simply importing files and programming to display the results. It also demonstrates the importance of understanding central tendency, dispersion, correlations and hypothesis testing and that by grouping data the results become more interpretable for analysis.
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[bookmark: _Toc167720580]MATLAB Program
clc             % Clears command screen
clear           % Clears the workspace
close all       % Closes all figures

% TASK 1 
% A - Import the dataset into Matlab
% Create a table by reading data from a text file or spreadsheet.
Data = readtable("student_grades.csv");                                     % Import the dataset from the .csv file          
Data.("Overall") = (Data.("Exam_1") + Data.("Exam_2")) / 2;                 % Calculate the average exam score 
Numerical_Values = table2array(Data(:, ["age","attendancePercentage",...    % Converts the table to a homogenous array
    "Exam_1", "Exam_2","Overall"]));

% B Compute summary statistics for each numerical value
MeanValue = mean(Numerical_Values)';            % Determines mean value
MedianValue = median(Numerical_Values)';        % Determines median value
ModeValue = mode(Numerical_Values)';            % Determines mode value
MinValue = min(Numerical_Values)';              % Determines minimum value
MaxValue = max(Numerical_Values)';              % Determines maximum value
RangeValue = [MinValue, MaxValue];              % Determines the range
StandardValue = std(Numerical_Values)';         % Determines the standard deviation

% C - Use function 'table' to display the summary statistics
Table_Row_Name = {'Age'; 'Attendance'; '1st Exam Score'; '2nd Exam Score'; 'O/All Score'};  % Names the Table row names
Table_Headings = {'Variable'; 'Mean'; 'Median'; 'Mode'; 'Range'; 'Std'};                    % Names the Table headings
Table = table(Table_Row_Name, MeanValue, MedianValue, ModeValue, RangeValue, StandardValue, VariableNames=Table_Headings);
disp(Table)                                                                                 % Creates the table


% TASK 2 
% A - Use 'corr' to return a matrix of the pairwise linear correlation coefficient
CC_Matrix = Numerical_Values(:,:)*2;
corrcoef_Matrix = corr(CC_Matrix, "rows", "pairwise");
disp(corrcoef_Matrix) 

% B - Use 'corrplot' to visualise the correlation matrix
figure Name 'Correlation Coefficient' 
Table_Row_Name = {'Age', 'Attnd', 'Exam1', 'Exam2', 'O/All'}; 
corrcoef_Plot = corrplot(CC_Matrix, 'VarNames', Table_Row_Name, TestR = 'on'); 

% C - Examine the relationship between gender and overall results

% Create a gender table
gender_Data = Data(:, "gender");

% Create a table for gender and overall scores
gender_Score = table(Data{:, "gender"}, Data{:, "Overall"}, VariableNames={'Gender', 'Overall'});

% Group the data by gender
male_Score = gender_Score(gender_Data{:,1} == "Male", "Overall"); 
female_Score = gender_Score(gender_Data{:,1} == "Female", "Overall"); 

% Convert table to homogeneous array using 'table2array' function
male_Score = table2array(male_Score) ;
female_Score = table2array(female_Score);

% Perform hypothesis test using 'ttest2' function
[h,p] = ttest2(male_Score, female_Score);

% If h=0 suggest the null hypothesis
if h == 0
    h_result = "it is more likely the two data samples are from populations with equal means";
% Else suggest an alternative hypothesis    
else
    h_result = "it is more likely the two data samples are not from populations with equal means";
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
    p_result = "is greater than an alpha of 0.05, so h=0 cannot be rejected";
else
    p_result = "is less than an alpha of 0.05, so h=0 can be rejected";
end

fprintf("The hypothesis test result of h = %i suggests %s\n", h, h_result) 
fprintf("The hypothesis test result of p = %f %s\n", p, p_result) 

% D - Identify the variables that are strongly related to the exam score
% Attendance is strongly correlated with the exam scores 

% E - Discuss the findings and potential implications
% The general findings from the 'TestR' correlation matrix were that exam 
% scores were impacted by attendance, in that the higher the attendance 
% the better the exam results. It also shows that there was little significance 
% towards age and the exam results.
% Also, the hypothesis test showed that gender had little impact on exam
% results.


% TASK 3 

% A - Use the function 'histcounts' to determine frequency 
[Exam1_Count, Exam1_Edges] = histcounts(Numerical_Values(:, 3), "BinWidth", 10);     
[Exam2_Count, Exam2_Edges] = histcounts(Numerical_Values(:, 4), "BinWidth", 10); 
[Overall_Count, Overall_Edges] = histcounts(Numerical_Values(:, 5), "BinWidth", 10); 


% B - Use the 'histogram' function to plot the exam results

% Generate a figure window ready for Histograms
figure Name 'Histograms' 

% Exam 1 Histogram
subplot(1, 3, 1)            % Plot (Row, Column, Position)
histogram('BinCounts', Exam1_Count, 'BinEdges', Exam1_Edges)    % Create histogram
title('Exam 1 Histogram')   % Title histogram
xlabel('Class Limits')      % X axis label
ylabel('Frequency')         % Y axis label
xlim([0, 100])              % X axis limit
ylim([0, 22])               % Y axis limit
xticks(Exam1_Edges)         % Tick spacing
grid on                     % Turns on gridlines

% Exam 2 Histogram
subplot(1, 3, 2)            % Plot (Row, Column, Position)
histogram('BinCounts', Exam2_Count, 'BinEdges', Exam2_Edges)    % Create histogram
title('Exam 2 Histogram')   % Title histogram
xlabel('Class Limits')      % X axis label
ylabel('Frequency')         % Y axis label
xlim([0, 100])              % X axis limit
ylim([0, 22])               % Y axis limit
xticks(Exam2_Edges)         % Tick spacing
grid on                     % Turns on gridlines

% Exam 3 Histogram
subplot(1, 3, 3)                % Plot (Row, Column, Position)
histogram('BinCounts', Overall_Count, 'BinEdges', Overall_Edges)% Create histogram
title('O/All Exam Histogram')   % Title histogram
xlabel('Class Limits')          % X axis label
ylabel('Frequency')             % Y axis label
xlim([0,100])                   % X axis limit
ylim([0, 22])                   % Y axis limit
xticks(Overall_Edges)           % Tick spacing
grid on                         % Turns on gridlines


% C - Using function 'plot', plot in one figure the more (in blue) and less (in red) than ogives

Exam1_LessThan = cumsum(Exam1_Count/sum(Exam1_Count));  % Exam 1 results
Exam1_LessThan = [0, Exam1_LessThan];                   % Not less than 0 to calculate the less than Ogive
Exam1_MoreThan = 1 - Exam1_LessThan;                    % 1 minus the matrix to calculate the more than Ogive



Exam2_LessThan = cumsum(Exam2_Count/sum(Exam2_Count));  % Exam 2 results
Exam2_LessThan = [0, Exam2_LessThan];                   % Not less than 0 to calculate the less than Ogive
Exam2_MoreThan = 1 - Exam2_LessThan;                    % 1 minus the matrix to calculate the more than Ogive


Overall_LessThan = cumsum(Overall_Count/sum(Overall_Count));    % Exam overall results
Overall_LessThan = [0, Overall_LessThan];                       % Not less than 0 to calculate the less than Ogive
Overall_MoreThan = 1 - Overall_LessThan;                        % 1 minus the matrix to calculate the more than Ogive

% Ogives figure window name
figure Name 'Ogives' 

% Exam 1 Ogive
subplot(1, 3, 1) % Ogives Plot (Row, Column, Position)
Exam1_OgivePlot = plot(Exam1_Edges, Exam1_MoreThan, Exam1_Edges, Exam1_LessThan, Marker='o', MarkerSize=4); 
Exam1_OgivePlot(1).MarkerFaceColor = 'b';       % Sets the Exam 1 'more than' Ogive to blue
Exam1_OgivePlot(2).MarkerFaceColor = 'r';       % Sets the Exam 1 'less than' Ogive to red
title("Exam 1 Ogives");                         % Plot title
xlabel("Class Limits")                          % X Axis label
ylabel("Cumulative Relative Frequency")         % Y axis label
xticks(Exam1_Edges)                             % Tick spacing
grid on                                         % Turns on gridlines

% Exam 2 Ogive
subplot(1, 3, 2) % Ogives Plot (Row, Column, Position)
Exam2_OgivePlot = plot(Exam2_Edges, Exam2_MoreThan, Exam2_Edges, Exam2_LessThan, Marker='o', MarkerSize=4);
Exam2_OgivePlot(1).MarkerFaceColor = 'b';       % Sets the Exam 1 'more than' Ogive to blue
Exam2_OgivePlot(2).MarkerFaceColor = 'r';       % Sets the Exam 1 'less than' Ogive to red
title("Exam 2 Ogives");                         % Plot title
xlabel("Class Limits")                          % X Axis label
ylabel("Cumulative Relative Frequency")         % Y axis label
xticks(Exam2_Edges)                             % Tick spacing
grid on                                         % Turns on gridlines

% Exam 3 Ogive
subplot(1, 3, 3) % Ogives Plot (Row, Column, Position)
Overall_OgivePlot = plot(Overall_Edges, Overall_MoreThan, Overall_Edges, Overall_LessThan, Marker='o', MarkerSize=4);
Overall_OgivePlot(1).MarkerFaceColor = 'b';     % Sets the Exam 1 'more than' Ogive to blue
Overall_OgivePlot(2).MarkerFaceColor = 'r';     % Sets the Exam 1 'less than' Ogive to red
title("O/All Ogives");                          % Plot title
xlabel("Class Limits")                          % X Axis label
ylabel("Cumulative Relative Frequency")         % Y axis label
xticks(Overall_Edges)                           % Tick spacing
grid on                                         % Turns on gridlines
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% TASK 1
% A - Import the dataset into Matlab
% Create a table by reading data from a text file or spreadsheet.

Data = readtable("student_grades.csv"); % Inport the dataset from the .csv file

Data.(“Overall”) = (Data.("Exam_1") + Data.("Exam_2")) / 2; % Calculate the average exam score

Numerical Values = tablezarray(Data(:, ["age","attendancepercentage” % Converts the table to a homogenous array
“Exan_1", "Exam_2","Overall”]));
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% B Compute summary statistics for each numerical

MeanValue = mean(Numerical Values)'; %
MedianValue = median(Numerical Values)'; %
ModeValue = mode(Numerical Values)'; %
Minvalue = min(Numerical Values)' %
MaxValue = max(Numerical Values)'; %
RangeValue = [MinValue, Maxvaluel; %
Standardvalue = std(Numerical Values)'; %
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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/All Score' } 56.675 54.5 25.5 9.5 95  21.452




image5.png




image6.jpeg
™ ram am AN Exam Histogram
2 Em1 Plstoge , ET b e E3 (AL Sy e, ,
= B »

0 0

R )
Giass Limits





image7.jpeg
Cumdiative Relatve Freatency

w w0 w0
Gass Limis:

Cumaative Relatve Frecuancy

I

Exam 2 Oghves

AL
/
© @
Class Limits

Cumuiative Relatve Fraguency

ES

oAl Ogives

a @ e
Giass Limis





image1.png
23 Prtysgol Cymru
L) Y Drindod Dewi Sant
" University of Wales
Trinity Saint David




