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[bookmark: _Toc167710807]Introduction
The objective of this assignment was to apply statistical methods to analyse a dataset containing student information and grades. The goal was to gain insights into the factors that influence student performance and to understand how various statistical techniques can be used to interpret and draw conclusions from educational data. The goal is to provide a detailed understanding of the dataset and discuss the implications of the findings.
[bookmark: _Toc167710808]Overview of the dataset
The dataset utilised in this analysis comprises numerical data representing student scores in two exams and their overall results. This dataset was selected to demonstrate the application of statistical functions in MATLAB for educational purposes. These scores offer a practical illustration of how statistical analysis can be employed with real-world data.
[bookmark: _Toc167710809]Data Import and Summary Statistics
The first step of the analysis involved importing the dataset named "student_grades.csv" into MATLAB. The key variables in the dataset included;
· Age (The Age of the Student)
· Attendance percentage (The Attendance Percentage of the Student)
· Exam 1 (Score the Student had in the 1st Exam)
· Exam 2 (Score the Student had in the 2nd Exam)
· Gender (Gender of the Student)
· Overall (Calculated as the average of Exam 1 & Exam 2)
With the imported dataset, the data was converted from a table format to a homogeneous array for numerical analysis. Summary statistics were computed for each numerical variable. The summary statistics computed included mean, median, mode, range, and standard deviation for all variables. The summary statistics are presented below.
[bookmark: _Toc167710823]Table 1 - Summary Statistics
	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

	Overall Score
	56.675
	54.5
	25.5
	9.5
	95
	21.452



While summary statistics are useful for providing a quick overview of a dataset, they have significant limitations. They can obscure important details, fail to reflect the distribution and variability of the data, ignore contextual and qualitative aspects, and can sometimes be misleading. Therefore, they should be used in conjunction with other descriptive and inferential statistical methods, visualisations, and domain-specific knowledge to gain a comprehensive understanding of the data.

[bookmark: _Toc167710810]Correlation Analysis
The next step involved conducting a correlation analysis to examine the relationships between variables such as age, attendance, exam scores, and overall score. Pairwise linear correlation coefficients were calculated using the Corr function in MATLAB, and the correlation matrix was visualised using the corrplot function.
[bookmark: _Toc167710824]Table 2 - Correlation Analysis Matrix
	
	Age
	Attendance
	Exam 1
	Exam 2
	Overall

	Age
	1
	-0.0362
	-0.0363
	-0.0506
	-0.0448

	Attendance
	-0.0362
	1
	0.8912
	0.8297
	0.8839

	Exam 1
	-0.0364
	0.8912
	1
	0.8929
	0.9719

	Exam 2
	-0.0506
	0.8297
	0.8929
	1
	0.9738

	Overall 
	-0.0448
	0.8839
	0.9719
	0.9738
	1



The correlation matrix shows the pairwise linear correlation coefficients between the variables. The values range from -1 to 1, where 1 indicates a perfect positive linear relationship, -1 indicates a perfect negative linear relationship, and 0 indicates no linear relationship.



[bookmark: _Toc167710811]Implications of Correlation Analysis
Strong Positive Correlations
Exam 1 and Exam 2: The correlation between Exam 1 and Exam 2 scores is high (0.8929), indicating that students who perform well in one exam tend to perform well in the other.
Overall Score and Exam Scores: The overall score is strongly correlated with both Exam 1 (0.9719) and Exam 2 (0.9738) scores, which is expected since the overall score is the average of these two exams.
Moderate positive Correlations
Attendance and Exam Scores: There is a strong positive correlation between attendance and both Exam 1 (0.8912) and Exam 2 (0.8297) scores, suggesting that higher attendance is associated with better exam performance.
[bookmark: _Toc167710812]Hypothesis Testing Gender and Overall Score
A hypothesis test was conducted to examine the relationship between gender and overall score. The test compared the means of overall scores between male and female students using a two-sample t-test.
· Null Hypothesis (H0): The means of overall scores for male and female students are equal.
· Alternative Hypothesis (H1): The means of overall scores for male and female students are not equal.

Results
· t-test Result (h): 0 (fail to reject H0)
· p-value: 0.437006 (greater than 0.05)
The results indicate that there is no significant difference in the overall scores between male and female students (p > 0.05). Therefore, gender does not appear to influence overall performance significantly.
Based on the correlation analysis, exam scores are strongly related to each other and to the overall score. Attendance shows a strong positive correlation with exam scores, suggesting that improving student attendance could lead to better academic performance.
[bookmark: _Toc167710813]Grouped data for Exam 1, Exam 2, and O/All Results
Grouping data, also known as data aggregation or categorisation, is a powerful technique in data analysis that offers several benefits. It involves organising data into subsets based on specific criteria, allowing for a more focused and meaningful interpretation of the dataset. 
In the context of analysing student grades, the advantages of grouping data are evident. By grouping students based on attendance percentages, we can observe how different attendance levels correlate with exam performance. This grouping simplifies the analysis, making it clear that higher attendance generally leads to better exam scores. Similarly, grouping exam scores into ranges allows for an easy visual interpretation of score distributions, making it easier to identify overall performance trends and areas where students might need additional support.
[bookmark: _Toc167710814]Histograms
Histograms were created for Exam 1, Exam 2, and Overall scores to visualise the distribution of scores.
Exam 1 Histogram
· Class Limits: 0 to 100 (bin width: 10)
· Frequency: Indicates the number of students falling within each score range.
Exam 2 Histogram
· Class Limits: 0 to 100 (bin width: 10)
· Frequency: Similar distribution as Exam 1, slightly lower scores.
Overall Score Histogram
· Class Limits: 0 to 100 (bin width: 10)
· Frequency: Distribution shows the combined performance across both exams.
[bookmark: _Toc167710815]O-gives
Ogives (cumulative frequency graphs) were plotted for Exam 1, Exam 2, and Overall scores to show the cumulative distribution of scores.
Exam 1 Ogive
· Less Than Ogive: Cumulative relative frequency of scores less than each class limit.
· More Than Ogive: Cumulative relative frequency of scores more than each class limit.
Exam 2 Ogive
· Similar cumulative distributions as Exam 1.
Overall Ogive
· Combined distribution, reflecting both exams.






[bookmark: _Toc167710816]Discussion 
[bookmark: _Toc167710817]Key Findings
Attendance and Performance: There is a strong positive correlation between attendance and exam scores, suggesting that students with higher attendance tend to perform better in exams.
Gender and Performance: The hypothesis test indicates no significant difference in overall scores between male and female students, implying that gender does not have a substantial impact on academic performance.
Exam Scores: The strong positive correlation between Exam 1 and Exam 2 scores indicates consistent performance across different exams for the same students.
[bookmark: _Toc167710818]Interpretation and Implications
Attendance and Performance
The strong positive correlation between attendance and exam scores implies that students who attend classes more frequently tend to achieve higher exam scores. This highlights the importance of regular attendance for academic success. 
Consistency in Exam Performance
The strong correlation between Exam 1 and Exam 2 scores indicates that students tend to perform consistently across different exams. This suggests that the exams are likely assessing similar skills or that the student's performance is influenced by stable factors such as study habits or understanding of the course material.
Gender and Performance
The hypothesis test results suggest that there is no significant difference in the overall scores between male and female students. This indicates that gender does not play a significant role in academic performance in this dataset. 
[bookmark: _Toc167710819]Strengths and Limitations of Statistical Methods
Strengths
· Descriptive Statistics: Provide a comprehensive overview of the dataset, allowing for a quick understanding of central tendencies, dispersion, and the overall distribution of data.
· Correlation Analysis: Helps identify relationships between variables, which is crucial for understanding how different factors influence student performance.
· Hypothesis Testing: Allows for the testing of specific assumptions or hypotheses, providing a statistical basis for conclusions about the data.
Limitations
· Summary Statistics: While useful, they can sometimes oversimplify data. For instance, the mean can be influenced by outliers, and the median does not account for the magnitude of differences between data points.
· Correlation Analysis: Correlation does not imply causation. While strong correlations suggest relationships, they do not confirm that one variable causes changes in another.
· Hypothesis Testing: The results are sensitive to the sample size and variability within the data. A larger sample size might reveal significant differences that are not apparent in smaller datasets.
· Grouping and Aggregation: While grouping data helps in analysis, it can also lead to loss of detailed information. Grouped data might hide variability and nuances present in the raw data.
[bookmark: _Toc167710820]Conclusion
The analysis of student grades reveals important insights into the factors affecting academic performance. Regular attendance is strongly associated with higher exam scores, and there is no significant difference in performance between male and female students. 
The statistical methods used provided valuable insights but also have limitations. Future analyses could benefit from larger datasets and consider additional factors, such as socio-economic background or learning styles, to gain a more comprehensive understanding of student performance.
[bookmark: _Toc167710821]References
1. Attaway, S. (2022) MATLAB: A Practical Introduction to Programming and Problem Solving. 5th ed. Oxford: Butterworth-Heinemann.
2. Mueller, J.P. and Sizemore, J., 2021. MATLAB for Dummies. John Wiley & Sons.
3. Gogtay, N.J. and Thatte, U.M., 2017. Principles of correlation analysis. Journal of the Association of Physicians of India, 65(3), pp.78-81.
4. Chiang, C.L., 2003. Statistical methods of analysis. World Scientific.
5. Lindfield, G. and Penny, J., 2018. Numerical methods: using MATLAB. Academic Press.
6. Kattan, P., 2022. Matlab for beginners (Vol. 1). Petra books.
[bookmark: _Toc167710822]Appendix
[image: A screenshot of a computer program

Description automatically generated]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]

image1.png
Prifysgol Cymru
% Y Drindod Dewi Sant
N University of Wales
Trinity Saint David

3




image2.png
clc % Resets all of the variables in the Workspace
clear % Clears everything within the Command window
close all % Closes all of the open figures

% TASK 1 - Data import and summary statistics
% A) - Import the data into Matlab

% Load the grades from the CSV file

Dataset = readtable("student_grades.csv");

Dataset.("Overall") = (Dataset.("Exam_1") + Dataset.("Exam_2")) / 2;

% Calculate the overall (average) score, then add it to the student data

Dataset_Array = table2array(Dataset(:,...

["age","attendancePercentage"”, "Exam_1", "Exam_2","Overall"]));
% Convert table to homogeneous array

% B) - Compute summary statistics for numerical variables

R

Mean_Results = mean(Dataset_Array)'; Calculate mean
Median_Results = median(Dataset_Array)’;
Mode_Results = mode(Dataset_Array)';
Min_Results = min(Dataset_Array)';
Max_Results = max(Dataset_Array)';
Range_Results = [Min_Results, Max_Results];

Stdev_Results = std(Dataset_Array)';

S

Calculate median

R

Calculate mode

Calculate min

Calculate max

Calculate range

Calculate standard deviation

3R 3R ¥ X

% C - Use table to display the summary statistics

Cell_Name = {'Age'; 'Attendance'; '1st Exam Score'; '2nd Exam Score'; 'O/All Score'};

Column_Headings = {'Variable'; 'Mean'; 'Median'; 'Mode'; 'Range'; 'Std'};

Summary_stats = table(Cell_Name, Mean_Results, Median_Results, Mode_Results,...
Range_Results, Stdev_Results, VariableNames=Column_Headings);

disp(Summary_stats)

% TASK 2 - Correlation Analysis

% A - Return a matrix of the pairwise linear correlation

0

% coefficients between the Score using function corr

CC_Matrix = corr(Dataset_Array, "rows", "pairwise");
disp(CC_Matrix) %Display Pairwise linear correlation coefficients

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

figure Name 'Correlation Coefficient' % Figure window creation for corrplot
Cell_Name = {'Age', 'Attnd', 'Examl', 'Exam2', 'O/All'};

cplt = corrplot(Dataset_Array, 'VarNames', Cell_Name, TestR = ‘on');

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

% Create a table for student genders
Gender_Data = Dataset(:, "gender");

% Create a table that uses Gender and Overall score
Gender_Score = table(Dataset{:, "gender"},...

Dataset{:, "Overall"}, VariableNames={'Gender', 'Overall'});

% Group the data by Gender
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Male_Score = Gender_Score...

(Gender_Dataq{:,1} == "Male", "Overall"); % Overall value when Male
Female_Score = Gender_Score...
(Gender_bData{:,1} == "Female", "Overall"); % Overall value when Female

% Convert Table to matrix
Male_Score = table2array(Male_Score);
Female_Score = table2array(Female_Score);

% Hypothesis Test
[h,p] = ttest2(Male_Score, Female_Score);

%If h=0 promote the null hypothesis
if h == 0
h_Hyp_Test = "This suggests that the means are approximately equal”;
%Else Suggest an alternative hypothesis
else
h_Hyp_Test = "This suggests that the means are not equal";
end

% If p is greater than 0.05 (default alpha values), state it is more likely that the means are
if p > 0.05

p_Hyp_Test = "This is greater than an alpha of 0.05, so there is unlikely enough to reject
%Else Suggest an alternative hypothesis
else

equal

he" ;

p_Hyp_Test = "This is less than an alpha of 0.05, so there it is likely h@ 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 \n %s\n\n", h, h_Hyp_Test)
fprintf("The hypothesis test also returned a value of p = %f \n %s \n", p, p_Hyp_Test)

% 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 examl, 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.

BN

E - Discuss the implications of the results

B

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 to no interference by any other variable that has been identified
within the given data

NN

2

BN

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

% A) - Using function histcounts, determine the frequency

[Examl_Count, Examl_Edges] = histcounts(Dataset_Array(:, 3), "BinWidth", 10);
[Exam2_Count, Exam2_Edges] = histcounts(Dataset_Array(:, 4), "BinWidth", 10);

[Overall_Count, Overall_Edges] = histcounts(Dataset_Array(:, 5), "BinWidth", 10);

% B) - Using function histogram, plot in one figure the histograms
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% Generate a figure window ready for Histograms

figure Name 'Histograms'

% Exam 1 Histogram

subplot(1, 3, 1)

histogram('BinCounts', Examl_Count,...
'BinEdges', Examl_Edges)

title('Exam 1 Histogram')

xlabel('Class Limits"')

ylabel('Frequency')

ylim([0, 22])

xticks(Examl_Edges)

grid on

% Exam 2 Histogram

subplot(1, 3, 2)

histogram('BinCounts', Exam2_Count,...
'BinEdges', Exam2_Edges)

title('Exam 2 Histogram')

xlabel('Class Limits"')

ylabel('Frequency')

ylim([@, 22])

xticks(Exam2_Edges)

grid on

% Exam Overall Histogram
subplot(1, 3, 3)

% 1 row, 3 columns, 2nd position

%Histogram creation

% Title for the histogram
% Label for the x axis

% Label for the y axis

% Set the ylimit

% Set tick spacing

% Turn gridlines on

% 1 row, 3 columns, 2nd position

%Histogram creation

% Title for the histogram
% Label for the x axis

% Label for the y axis

% Set the ylimit

% Set tick spacing

% Turn gridlines on

% 1 row, 3 columns, 3rd position

histogram('BinCounts', Overall_Count,...

'BinEdges', Overall_Edges)
title('0/All Exam Histogram')
xlabel('Class Limits"')
ylabel('Frequency")
ylim([0, 22])
xticks(Overall_Edges)
grid on

%Histogram creation

% Title for the histogram
% Label for the x axis

% Label for the y axis

% Set the ylimit

% Set tick spacing

% Turn gridlines on

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

% Get the cumulative sum of the frequency/count as a percentage

% for the less than Ogive

% i. the classified Exam 1 results,
Examl_LessThan
Examl_LessThan
Examl_MoreThan

[0, Examl_LessThan];
1 - Examl_LessThan;
% ii. the classified Exam 2 results,
Exam2_LessThan

Exam2_LessThan
Exam2_MoreThan

[0, Exam2_LessThan];
1 - Exam2_LessThan;

% iii. the classified 0/All results

Overall_LessThan
Overall_LessThan
Overall_MoreThan

cumsum(Examl_Count/sum(Examl_Count));

%
%

nothing less than ©

cumsum(Exam2_Count/sum(Exam2_Count));

%
%

nothing less than ©

cumsum(Overall Count/sum(Overall_Count));
[0, Overall_LessThan]; % nothing less than ©
1 - Overall_LessThan; % 1 minus the matrix to calculate the more than Ogive

figure Name 'Ogives' % Figure window creation ready for the Ogives

1 minus the matrix to calculate the more than Ogive

1 minus the matrix to calculate the more than Ogive
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% Exam 1 Ogives
subplot(1, 3, 1) % 1 row, 3 columns, 1st position
Examl_OgivePlot = plot(Examl_Edges, Examl_MoreThan, ...

Examl_Edges, Examl_LessThan,...

Marker='."', MarkerSize=10);

Examl_OgivePlot(1).Color = 'blue’; % Set the Examl > Ogive (first line) to blue
Examl_OgivePlot(2).Color = 'red'; % Set the Examl < Ogive (second line) to red
title("Exam 1 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
xticks(Examl_Edges) % Set tick spacing (Makes grid look nicer)
grid on % Turn gridlines on

% Exam 2 Ogives
subplot(1, 3, 2) % 1 row, 3 columns, 2nd position
Exam2_OgivePlot = plot(Exam2_Edges, Exam2_MoreThan, ...

Exam2_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 approprate label for the x axis
ylabel("Cumulative Relative Frequency") % Assign an approprate label for the y axis
xticks(Exam2_Edges) % Set tick spacing (Makes grid look nicer)
grid on % Turn gridlines on

% Exam Overall Ogives
subplot(1, 3, 3) % 1 row, 3 columns, 3rd position
Overall_OgivePlot = plot(Overall_Edges, Overall_MoreThan, ...

Overall Edges, Overall_LessThan,...

Marker='.', MarkerSize=10);
Overall_oOgivePlot(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("0/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
xticks(Overall_Edges) % Set tick spacing (Makes grid look nicer)
grid on % Turn gridlines on

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/Al1l Score' } 56.675 54.5 25.5 9.5 95 21.452

1.0000 -0.0362 -0.0364 -0.0506 -0.0448

-0.0362 1.0000 0.8912 0.8297 0.8839

-0.0364 0.8912 1.0000 0.8929 0.9719

-0.0506 0.8297 0.8929 1.0000 0.9738

-0.0448 0.8839 0.9719 0.9738 1.0000

The hypothesis test returned a value of h = 0
This suggests that the means are approximately equal

The hypothesis test also returned a value of p = 0.437006
This is greater than an alpha of 0.05, so there is unlikely enough to reject ho
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