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[bookmark: _Toc167725690]Introduction
MATALB is a computer programming and numeric counting platform used by millions of engineers and scientists to analyze data. that is very efficient for use by engineers and other operators. In its own words, “MATLAB provides a flexible environment for analyzing data, developing algorithms, and creating models and applications.” 
The primary objective of this script is to perform a statistical analysis of a set of data using the computer software MATLAB. This is a programming software used by engineers and technicians to analyze and design systems of work such as computer software and apps that can be used in day-to-day life. This is performed using a Matrix-based language which allows the most natural expression of computational mathematics. The analysis aims to calculate and interpret various statistical measures such as the mean, median, mode, range, and standard deviation. In addition to this a correlation analysis between different variables within the data will be conducted, and the data will be gathered to distinguish patterns and trends. The goal will be to provide a detailed understanding of the set of data and discuss any possible implications of the findings. 
The dataset used in this analysis contains numerical data representing the scores of students in two exams and overall results. This set of data is selected to demonstrate the application of functions in MATLAB for educational purposes. The given scores provide an example of how similar statistical analysis can be applied to real-world data, which is essential in areas such as education, finance, research, and science. 

[bookmark: _Toc167725691]Data Import and Summary Statistics  
The importation of data is a crucial and essential step in any form of data analysis process. MATLAB offers a variety of useful functions to load data from various sources, including text files, spreadsheets, and databases. For the means of simplicity, the data set has been hardcoded into this analysis, however the MATLAB script can very easily be adapted to import data from external sources such as “.CSV” and “.MAT” files. In this analysis we used functions such as O gives, Histograms, and CorrCo in order to portray the information that was desired. 
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Description automatically generated]	(Fig 1.1)
This first part of the script can be used to import that data from our separate data file that is in a Microsoft excel format. As seen are the accompanying captions, each line of code is responsible for an individual part of the importation of data. The summary statistics provide a quick overview of the dataset and return to us the following statistics of numerical data. 
Mean – The average score.
Median – the middle score. 
Mode – the most frequently occurring score.
Range – the difference between the highest (92) and the lowest (76) score.
Standard Deviation – The measure of dispersion around the mean.
These statistics can give us an initial understanding of the dataset’s central tendency and variability, but this does also come with its limitations. Variables such as extreme values and outliers can skew and vary the results, making it less representative of the dataset. Also, vital details and patterns in the data can be lost when only summary statistics are considered. Similarly, it does not always consider the relationship between variables. They do not capture relationships between different variables in the dataset. 


1. [bookmark: _Toc167725692]Correlation Analysis 
[image: ]Correlation Analysis measures the relationship between variables, which can be measured as weak or strong, and as positive or negative (Newcastle, 2023). In this analysis, we explore the correlation between scores in two exams sat by a set of students called “Exam 1” and “Exam 2” and assess the impact they have on the students’ overall results.

(Fig 1.2)

The above section of code Ref. Appendix – script means to calculate the correlation coefficients. An example of this in our code is where the calculated correlation coefficients are as follows:
Exam 1 and 2 returned 0.89. Exams 1 and overall, 0.95. Exam 1 and overall, 0.97. These coefficients have a range between -1 and 1, where values closer to 1 or -1 will indicate a strong relationship between results. By analysing this data, we can see that exam 1 and exam 2 (0.83) has a strong positive correlation, which suggests that students who performed well in exam 1 will also do well in exam 2. We can also see that in Exam 1 and overall (0.95) a very strong positive correlation shows Exam 1 scores heavily contribute to the overall performance. Exam 2 and overall (0.97) has an even stronger correlation, suggesting Exam 2 gives a slight increase on impact on the overall performance.
 
Another way of visualising and understanding correlation is through scatter plots. The ”corr” function returns a matrix of the pairwise linear correlation coefficient between each pair of columns in the input matrix. Further in the code the goal is to examine the relationship between gender and overall exam scores through a hypothesis test. 
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(Fig. 1.3)

This piece of code demonstrates the initial steps of organising the data in preparation for further analysis. The code starts by organising data based on gender and overall exam scores from an existing dataset named “student_Data”. The goal is to create more manageable subsequent analysis. For example, with “{‘Gender’, ‘Overall’})” this function call constructs a new table named “gender_score”. The purpose of this code is to reorganize the relevant data into a structured format that allows for easier manipulation and analysis. By consolidating gender and overall exam scores into a single table, the data becomes more accessible for performing statistical tests. 
By creating a steam lined table the data is set up for effective and efficient hypothesis testing, which will provide insights into the impact on overall academic performance. 


1. [bookmark: _Toc167725693]Grouped Data for all Results
Grouped Data explains the mean or average of the data that groups together in a set, group, or category. Usually, the mean or average of a set of different values of a variable is “equal to the sum of the values of all the observations divided by the total number of observations” (Testbook, May 2023 ). Grouping data into categories can reveal patterns that are not apparent from individual data points and can help in simplifying complex sets of data and making them more interpretable. 
During our analysis we grouped student scores into three categories: Low, Medium, and High based on predefined milestones. By categorizing this data, it helps us understand performance distribution across diverse levels. As previously mentioned, this can be done using “gender_score” and “gender_data” to distinguish between genders, the filtered tables are then converted into matrices to make analysis and manipulation easier. 
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 (Fig. 1.4)
The “table2matrix” function converts the table format into a matrix format, which is often more convenient for numerical computations in MATLAB as seen in the above figure (Fig. 1.4). The Primary objective of this analysis is to assess whether there is a significant difference in the performance scores between males and females, and whether the two exam scores effect each-other. This is done using the “ttest2” function, which “returns a test decision for the null hypothesis that the data in vectors x and y comes from independent random samples from normal distributions with equal means and equal but unknown variances, using the two samples t test.” (Mathworks, 2024)
one advantage of grouping data in this way is its uses in trend identification. This identifies trends and patterns such as the proportion of students in each performance category, as well as remaining simple through its categorization making it easier to analyze and interpret. 
[image: A white background with green and blue text

Description automatically generated]For the next step in this code, the code will be divided into two main tasks: determining frequency counts using “histcounts” and plotting histograms for Exam 1, Exam 2, and overall scores within a single figure. Histograms are an essential tool in data analysis, providing a visual representation of the distribution of data points. This function divides the data into bins and counts the number of data points in each bin. 
 (Fig. 1.5)
“numerical_data(:, 3)” , “numerical_data(:, 4)” , “numerical_data(:, 5)” represent the columns containing scores for Exam 1, Exam 2, and overall scores. The “bindwidth, 10” argument specifies that the width of each bin is 10 units. This determines the range of values that each bin will cover. 
The “histcounts” function returns two outputs: the counts of data points in each bin (‘E1_count’, ‘E2_count’, ‘Overall_count’) and the edges of the bins (‘E1_count’, ‘E2_count’, ‘Overall_edges’).
The following part is responsible for plotting the histogram using the “histograms” function. “Figure name “histograms” initializes a new figure window titled histogram. We then use the subplots that create a 1x3 grid of subplots, positioning the subsequent histograms in the first, second, and third columns respectively. 
We use a histogram as a way to digest the data being presented, as said by EDUCBA “functions like ‘histogram’, ‘boxplot’, and ‘scatter’ in MATLAB are essential for visualizing data distributions and relationships” (collective, 2022)
The “histogram” function is used to plot the histogram for each exam score. The arguments “BinCounts” and “BinEdges” are set to the counts and edges calculated previously. Titles (‘title’), x axis labels (‘xlabel’), and y axis labels (‘ylabel’) are added for clarity. ‘ylim([0, 22])’ set the y axis limit to ensure consistency scross all subplots. Finally, ‘grid on’ adds a grid to the plot for better readability. 
Another function used in the script, “cumsum”, calculates the cumulative sum of an array, providing a total of its elements along a specified dimension. This is useful for tracking the accumulation of values over time. Similarly, an “ogive” or visually represents the distribution of a data set. Though it is not done specifically but can be created through cumsum, and helps to understand the cumulative distribution. By using these functions and tools, the approach aids in understanding the spread and tendency of the scores but also helps identify any patterns or anomalies in the data. 


1. [bookmark: _Toc167725694]Discussion
To summarize our key findings, the mean and median scores indicate a generally high performance among students, with most scores over around 85. In terms of variability the standard deviation shows a moderate spread around the mean, indicating consistent performance with some variation. We also saw high correlations with exams and overall scores, with significant contributions from both exams to overall performance. Showing exam 2 to have a slightly higher influence.
By interpreting the results we have been returned, we can see that the close values of mean and median suggest symmetric distribution of scores. This indicates that most students perform similarly with very few outliers. It can also be shown that the strong correlation of student’s performances in one exam are predictive of their performances in another and their overall results. This information is valuable for understanding student performances and designing interventions. 
By visualizing the data through histograms and scatter plots, we gained a clearer understanding of the distribution and relationships within the data. These visualizations, coupled with statistical measures, provide a comprehensive view of the dataset, allowing for more informed interpretations and conclusions. Grouping the data into categories such as Low, Medium, and High-performance levels further simplified the complex dataset, making it easier to identify patterns and trends. This categorization is particularly useful in educational settings where interventions can be targeted at specific groups to improve overall performance.
1. [bookmark: _Toc167725695]Conclusion 
This piece of research clearly shows the application of MATLAB for use in statistical analysis of numerical data that can easily understood and operated. The above findings provide valuable insights into data characteristics, performance trends, and relationships between variables. The MATLAB script attached in the appendix can act as a practical tool for this purpose as well, as well as having the ability for it to be replicated to suit other data sets and scenarios. We have seen that by grouping data into categories, we can simplify complex data and make it more interpretable, which is crucial for making informed decisions. Overall, the methods and visualizations used in this research provide a solid framework for analyzing numerical data productively. The successful application of MATLAB in this analysis underscores its value as a versatile tool for statistical analysis. Its ability to process and analyse data, coupled with its extensive range of functions for data visualization, makes it an indispensable tool for engineers, technicians, educators, and researchers. This analysis not only demonstrates the practical use of MATLAB in handling real-world data but also provides a template for conducting similar analyses in various fields, from education to finance and beyond.










[bookmark: _Toc167725696]8 Appendix and script  
clc
clear 
close 

%Task 1- Data Import and Summary Statistics 

%Importing Data into MatLab 
Student_Data = readtable("student_grades.csv"); % This loads the exam reults from the CSV files 
% Calculate the average exam results and add it to the student database 
Student_Data ("overall") = (student_data ("exam_1 ") + Student_data ("exam_2")) / 2;

Gender_data = Student_Data(:,"gender"); % This will create a seperate for students gender which will be used later 
% Seperate useful numerical data such as scores, age, attendance etc in
% column 3 onwards amd converts them into a matrix 
numerical_data = table2array(student2_data(:, 3:end)); 

% B- Compute Summary Statistics for Numerical Variables
mean_matrix= mean (numerical_data); % Calculates the mean 
median_matrix= median (numerical_data); % Calculates the median 
Mode_matrix= mode (numerical_data); % Calculates the mode 
min_matrix= min (numerical_data); % Calculates the minimum
max_matrix= max (numerical_data); % Calculates the maximum 
range_matrix = Range (numerical_data); % calculates the range 
std_matrix = std (numerical_data); % calculates the std deviation 

% C- Use Table to display summary of 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 exam score'}; 
% Another cell of strings but headings are used for each columns 
col_headings= {'variables'; 'mean';'median';'mode';'range';'std'}; 
% Combines the previous summary stats into a single table 
summery_table = table (var_names,mean_matrix, median_matrix,mode_matrix, range_matrix, std_matrix, Variablenames= col_headings);
disp(summary_table) 
% display on a seperate line for more clarity 

% 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 
corrco_matrix = corr (corr_matrix_raw, "rows", "pairwise"); 

% B - Use corrplot to visualise the matrix's results
figure name, "correlation coefficient"; % create a figure window with appropriate names 
var_names= {'age'; 'attend';'exam 1'; 'exam 2'; 'O/all'}; 
% Crewate a cell of strings that identify analysis 
corrco_plot= corrplot (corrco_matrix_raw, 'varnames', var_names, TestR = on); 
% 
C - Examine the relationship between Gender and overall using a hypothesis test

% Organize the date by gender and overall exam score in one table 
% Create a table that that uses overall score and gender 

gender_Score = table(student_Data{:, "gender"}, student_Data{:, "Overall"}, VariableNames={'Gender', 'Overall'});

%Group data by gender 
% Male scores only by filtering out previous table 

male_score = gender_score (gender_data{:,1} == "male", "overall"); 
female_score = gender_score (gender_data{:,1} == "female", "overall"); 

% Covert Table into Matrix 
male_score= table2matrix(male_score); 
female_score= table2matrix (female_score); 
% Converts previous tables to matrices to make it easier to read data 



% Hypothesis Test
% use ttest2 to conduct a 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) 

% Task 3 - Visualize group data from exam 1,2 and overall score 

% A - Use histcounts to determine frequency 

[E1_count, E1_edges] = histcounts(numerical_data(:, 3), "binwidth", 10); 
[E2_count, E2_edges] = histcounts(numerical_data (:,3), "bindwith", 10); 
[Overall_count, Overall_edges] = histcounts(numerical_data (:, 3), "bindwidth",10); 

% B - Plot histograms in a single figure 

figure name 'histograms' % Generate a figure window ready for the histograms. 

subplot(1,3,1)% use the sub plot to place items in the figure (1 row, 1 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')
xlabel ('Class limits ');
ylabel ('frequency');
ylimits ([0, 22]);
Grid on 

subplot (1,3,2)
histogram ('bincounts',E2_count, 'Binedges', E2_edges); 
title ('Exam 2 Histogram'); 
xlabel ('Class limits'); 
ylabel ('frequency'); 
ylimits ([0, 22]);
Grid on 

subplot(1, 3, 3)
 count and edges
histogram('BinCounts', Overall_Count, 'BinEdges', Overall_Edges)
title('O/All Exam Histogram') 
xlabel('Class Limits')
ylabel('Frequency') 
ylim([0, 22])
grid 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

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
E2_MoreThan = 1 - Exam2_LessThan; % 1 - the matrix to calculate the > 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]; 
Overall_MoreThan = 1 - Overall_LessThan; 

figure Name 'Ogives'
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% 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
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% C - Examine the relationship between Gender and overall using a hypothesis test

% Organise the date by gender and overall exam score in one table
% Create a table that that uses overall score and gender

gender_Score = table(student_Dataf;, ‘gender’) stus tudent ¢ Data;, "Overail’, VariableNames={ Gender’,
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% Covert Table into Matrix
‘male_score= table2matrix(male_score);
female_score= table2matrix (femdle_score);
% Converts previous tables to matrices to make it easier to read data
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% A - Use histcounts to determine frequency
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9%Tosk 1- Data Import and Summary Statistics

%Importing Data into MatLab
Student_Data = readtable("student_grades.csv"); % This loads the exam results from the CSV files
% Calculgte the average exam results and add it to the student database
Student_Data ("overall”) = (student_data (“exam_1 ") + Student_data ("exam_2")) / 2;

Gender_data = Student_Datal(, "gender"); % This will create a separate for students gender which will be used
later
% Separate useful numerical data such as scores, age, attendance etc in
% column 3 onwards amd converts thern intd a matrix
numerical_data = table2array(student2_data:, 3:end));

% B- Compute Summary Statistics for Numerical Variables
mean_matrix= mean (numerical_dato); % Calculates the mean
‘median_matrix= median (numerical_data); % Calculates the median
Mode_matrix= mode (numerical_data); % Calculates the mode

9% C- Use Table to display summary of statistics
9% Create a cell of strings to,be used as the left-most column to label variables
var_names = {'Age’; ‘Attendance’; 'Ist exam score’; '2nd exam score'; '0/all exam score'};
9% Another cell of strings but headings are used for each column
col_headings= {'variables’; 'mean’;' median’; mode’; range";'std'};
"% Combines the previolis summary stats into a Single table
summery_table = table (var_names,mean_matrix, median_matrix,mode_matrix, range_matris, std_matrix,
Variablenames= col headings);
disp(summary table)
% display on a separate line for more clarity





