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Introduction 
The purpose of this assignment is to analyse a statistical report written in MatLab to understand what is affecting students’ performance through out the academic year and to understand how to analyse such statistics. The data that was provided is as follows. 
· Student Identification: Unique identifier for each student. 
· Gender: Indicates whether the student is male or female.
· Age: Numerical variable indicating how old the student is. 
· Attendance Percentage: Numerical variable indicating the student’s attendance records. 
· 1st Exam score: Numerical variable indicating the student’s exam result. 
· 2nd Exam score: Numerical variable indicating the student’s exam result. 
This data will help to give a good approximation on the student’s performance throughout the academic year. 
















[bookmark: _Toc167645631][bookmark: _Toc167645632]Task 1- Data input and Summary statistics 
 2.1 Importing Data Set 

The program start with the below controls, as all MatLab programmes should.
· “CLC”- Clears all the texts from the command window. 
· “Clear”- Removes all variables from the current workspace. 
· “Clear All”- Closes all figures whose handles are visible 
These should be entered at the start of all programs with MatLab. 

To import the data into MatLab, the data needs to be presented in such a way that it is eligible and saved in a file that is eligible to MatLab such as an excel or csv file which was supplied with the documentation for the assignment.

The MatLab function “read_table” should then read the file to continue with the programme. 
[bookmark: _Toc167645633]2.2
Presenting Summary Statistics 
Once the data is imported into the programme the summary stats need to be calculated with the numerical values for mean, median, mode, min, max, range, and standard these are completed with the following commands. 
· Mean_Matrix = mean (numerical_data)';
· Median_matrix = median (numerical_data)';
· Min_matrix = min (numerical_data)'; 
· Max_matrix = max (numerical_data)'; 
· Range_matrix = [Min_matrix, Max_matrix]; 
· Std_matrix = std (numerical_data)'; 



[bookmark: _Toc167645634]2.3 Limitations of Summary Statistics 
While Summary statistics have their purpose and give a relatively accurate approximation for the data it does suffer from the following issues; 
[bookmark: _Toc167645635]2.3.1.  Simplistic view 
· They do not show correlations between different factors that might influence exam results. (chip, n.d.)
[bookmark: _Toc167645636]2.3.3 Misleading Representation 
· The mean and median do not reveal the presence of multiple modes, clusters, or gaps in the data. (Gpt, n.d.)
[bookmark: _Toc167645637]2.3.3 Lack of Context:
· Summary statistics provide no context about the underlying data distribution. (builtin, n.d.) (Gpt, n.d.)
[bookmark: _Toc167645638]2.3.4 Sensitivity to Outliers:
· Some statistics, like the mean, are sensitive to outliers. A few extreme values can skew the mean, making it unrepresentative of most of the data. (builtin, n.d.) (Gpt, n.d.)
[bookmark: _Toc167645639]2.3.5 Loss of Information:
· Summary statistics reduce the data to a few numbers, which can result in a loss of detailed information. They do not capture the full distribution of the data. (builtin, n.d.) (Gpt, n.d.)
[bookmark: _Toc167645640]2.3.6 Distribution Assumptions:
· Statistical analyses assume the data follows a certain distribution (e.g., normal distribution). Summary statistics do not confirm these assumptions, which could potentially lead to incorrect conclusions.  (chip, n.d.) (Gpt, n.d.)




[bookmark: _Toc167645641]3.Task 2- Correlation Analysis  
[bookmark: _Toc167645642]3.1.1 
The definition of a correlation matrix is that it is a statistical tool which is used to evaluate two variables in a data set.  The matrix is a table in where every cell contains a correlation coefficient, 1 is considered a strong relationship between variables, 0 a neutral relationship and -1 a not strong relationship. (builtin, n.d.)
[bookmark: _Toc167645643][bookmark: _Hlk167643658]3.1.2
The results of the MatLab programme show that age was not a factor when evaluating the grades of the students. The correlation of the overall test scores was a -0.04s standard deviation. 
[bookmark: _Toc167645644]3.1.3 
The results also showed that gender was not a factor when it came to the students’ grades. The hypothesis test resulted in h=0 which shows that mean value of the data is equal according to the data. 
[bookmark: _Toc167645645]3.14
The results within the programme, from the data given, shows that the most significant factor that dictated student grades was attendance. The standard deviation was 0.88 which then seemed to affect the standard deviation of exam 1, exam 2 and overall and showed that the students with the highest attendance had the higher grades.

(RJPulman, 2024 )












[bookmark: _Toc167645646]4.0 Task 3- Visualise grouped data for Exam1, Exam2, and Overall Score

[bookmark: _Toc167645647]4.1.1 Advantages of Grouping the Data 
Grouping data is a technique in data analysis which organises raw data into categories (or clusters) based on their specific attributes. This process can simplify and make the data easier to interpret. Grouping data offers a range of advantages which are critical in extracting meaningful data, making informed decisions and identifying patterns.  (andrew.edu , n.d.) (Gpt, n.d.)

[bookmark: _Toc167645648]4.1.2 Summarization and Simplification 
· Summarization
When the data is summarised into groups it provides a clear overview using measures such as; counts, modes, medians, means and totals. This allows for a clearer understanding of the key factors and data distribution. (tufte, 2001) (Gpt, n.d.)
· Simplification 
Grouping reduces the complexity of large datasets by aggregating individual data points into more manageable categories. This simplification helps analysts and decision-makers to quickly understand the overall structure of the data without being overwhelmed by details. (Fewe, 2009 ) (Gpt, n.d.)


[bookmark: _Toc167645649]4.1.3 Enhanced Comparisons
· Benchmarking:
By grouping data, organizations can benchmark performance across various segments, such as regions, demographic groups or departments. This benchmarking is important to identify what the best practices are and identifying the areas needing improvement. (Cleveland, 1993) (Gpt, n.d.)
· Comparative Analysis:
Grouping allows for simple comparison between different categories. For instance, comparing exam scores between different age groups and genders. (Wilkinson, 2005) (Gpt, n.d.)




[bookmark: _Toc167645650]4.1.4 Trend Identification & Pattern Detection:
Grouped data can show patterns that may not be visible in the raw data. For example, trends in sales data over different time periods or patterns in customer behaviour across different segments can be identified more easily when data is grouped.

· Trend Analysis:
Grouping data by time periods (e.g., months, quarters, years) allows for trend analysis, helping businesses understand how certain metrics change over time and predict future trends. (andrew.edu , n.d.) (Gpt, n.d.)
· Pattern Detection:
Grouped data can reveal patterns that might not be visible in raw data. For example, trends in sales data over different time periods or patterns in customer behaviour across different segments can be identified more easily when data is grouped. (Gpt, n.d.) (Chatfield, 2003 ) (Gpt, n.d.)

[bookmark: _Toc167645651]4.1.5 Improved Data Visualization 

· Highlighting Key Insights:
Visualizing grouped data can highlight key insights such as the distribution of scores across different groups, the proportion of different categories, and the concentration of data points within certain ranges. (Knaflic, 2015 ) (Gpt, n.d.)
· Clear Visual Representation:
Grouped data can be more effectively visualized using histograms, bar charts and pie charts. These visualizations can provide clear insights, making it easier to communicate the findings. (Few, 2004) (Gpt, n.d.)


[bookmark: _Toc167645652]4.1.6 Enhanced Statistical Analysis

· Descriptive Statistics:
Grouping facilitates the calculation of descriptive statistics (e.g., mean, median, mode) for each group, providing an accurate summary of each segment’s characteristics. (Montgomery, 2014) (Gpt, n.d.)
· Hypothesis Testing:
Grouped data allows for hypothesis testing to determine if there are significant differences between groups. An example of this is using t-tests to compare the means of two groups. (Field, 2013 ) (Gpt, n.d.)





[bookmark: _Toc167645653]4.1.7 Targeted Decision-Making

· Customized Strategies:
By understanding the characteristics of different organizations and groups we can develop targeted strategies.  (Davenport) (Gpt, n.d.)

· Resource Allocation:
Grouping data helps in efficient resource allocation by identifying which groups or segments require more attention or investment. This approach ensures that resources are used effectively to achieve the desired outcomes. (Provost, 2013 ) (Gpt, n.d.)





















[bookmark: _Toc167645654]5. Discussion and Conclusion 

The main things we can interpret from the data is that age and gender do not play significant role with students’ grades. However, attendance does. 

We can tell this because for the age correlation it was -0.04s which shows very little disparity.  As for the gender data the programme showed h=0 which shows that when calculating the mean between the two genders the correlation was 0 which implies that there is no difference between male and female in the exam results. The students with low attendance tended to have lower grades in the two exams.

This report shows that MatLab has a wide variation of tools on hand for the user to utilise for data analysis as, once learned, is easy to use.  The function within the programme allows the user to write complex algorithms without excessive lines of code.  

MatLab statistical analysis software was more than sufficient to display the data needed for the report as previously mentioned earlier in this report summary statistics have an array of reasons as to why they can be un-reliable especially if only the mean and median had been utilised. But MatLab used a wide range of statistics such as mean, median, mode, range, min, max and standard which allowed any mistakes to be minimalised. 
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MatLab Programme 
 clc
clear
close all

%Task 1- Data imput and summary statistics 

%Importing the data into mat lab 

student_data= readtable ("student_grades.csv"); %loads data from the csv file 
% Calculate the 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"); % creates another table for students genders which is to be used later 
% Seperates useful numerical date (age, attendance, scores, etc) (column 3 onwards) and converts it into a matrix
numerical_data = table2array(student_data(:, 3:end));

% B- Compute summary statistics for numerical variables 
Mean_Matrix = mean (numerical_data)'; 
Median_matrix = median (numerical_data)'; 
Mode_matrix = mode (numerical_data)'; 
Min_matrix = min (numerical_data)'; 
Max_matrix = max (numerical_data)'; 
Range_matrix = [Min_matrix, Max_matrix]; 
Std_matrix = std (numerical_data)'; 

% C- Use the table to 
var_names= {'age';'attendance'; '1st exam score';'2nd exam score'; 'o/all exam score'}; 
% Another cell of strings but this time used as headings for each column 
col_headings = {'variable'; 'mean'; 'median';'mode'; 'rande';'std'}; 
% Combines previous summary statistics into a single table, using the previous strings as headings and label
summary_table = table(var_names, Mean_Matrix,Median_matrix, Mode_matrix, Range_matrix, Std_matrix, variablenames= col_headings); 
disp (summary_table); % displayes on a seperate line to make output look slightly cleaner

% Task 2- Correlation Analysis 

corrco_matrix = corr(numerical_data);

disp (corrco_matrix);% Displayes on a seperate line to make output look slightly cleaner

% A - Use corrplot to visualise the matrix's results

figure_name= ('correlation_coefficient'); 

var_names = {'age';'attendance'; 'exam 1'; 'exam 2'; '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 (numerical_data, 'VarNames', var_names, testR = 'on'); 

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

% 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 = 'ehich 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 less than an alpha of 0.05 so it is unlikely 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
disp(p)
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.
% As shown by 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

figure name 'histograms'; 

% 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 the previous 2 but for the overall score 

% B - Use histogram to plot histograms in a single figure

subplot(1, 3, 1) % Use subplot to place items in the fugure (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') % Assaign an appropriate title for the histogram
xlabel('Class Limits') % Assign an approprate label for the x axis
ylabel('Frequency') % Assign an approprate label for the y axis
ylim([0, 22]) % Set the ylimit appropriately to compare to the other histograms
grid on % Turn on gridlines 

subplot(1, 3, 2) % Use subplot to place items in the fugure (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', E2_count, 'BinEdges', E2_edges)
title('Exam 1 Histogram') % Assaign an appropriate title for the histogram
xlabel('Class Limits') % Assign an approprate label for the x axis
ylabel('Frequency') % Assign an approprate label for the y axis
ylim([0, 22]) % Set the ylimit appropriately to compare to the other histograms
grid on % Turn on gridlines 

subplot (1,3,3)% Use subplot to put items in the fugure (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') % Assaign atitle for the histogram
xlabel ('class limits') % Assign a label for the x axis
ylabel ('frequency')% Assign a label for the y axis
ylim([0, 22]) % Set the ylimit appropriately to compare to the other histograms
grid on % turn on gridlines

% C Use plot to 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, and nothing is < 0
Exam1_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, and nothing is < 0
Exam2_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]; % 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 

subplot (1,3,1)  % Use subplot to place items in the fugure (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, Exam1_MoreThan, E1_edges, Exam1_LessThan, Marker='.', MarkerSize=10); 
Exam1_OgivePlot(1).Color = 'red'; % Set the Exam1 > Ogive (first line) to red
Exam1_OgivePlot(2).Color = 'blue'; % Set the Exam1 < Ogive (second line) to blue
title ('Exam 1 Ogives'); % Give the plot a title
xlabel ('class limits'); % Assign a label for the x axis
ylabel ('cumulative relative frequency'); % Assign a label for the y axis
grid on % turn grid on 

subplot (1,3,2)  % Use subplot to place items in the fugure (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 Exam1 > Ogive (first line) to blue
Exan2_OgivePlot(2).Color = 'red'; % Set the Exam1 < Ogive (second line) to red
title ('Exam 1 Ogives'); % Give the plot a title
xlabel ('class limits'); % Assign a label for the x axis
ylabel ('cumulative relative frequency'); % Assign a label for the y axis
grid on % turn grid on 

subplot(1, 3, 3) % Use subplot to place items in the fugure (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 = 'red'; % Set the overall score > Ogive (first line) to red
Overall_OgivePlot(2).Color = 'blue'; % Set the overall score < Ogive (second line) to blue
title("O/All Ogives"); % Give the plot an appropriate title
xlabel("Class Limits") % Assign an approprate label for the x axis
ylabel("Cumulative Relative Frequency") % Assign an approprate label for the y axis
grid on % Turn gridlines on
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