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[bookmark: _Toc166244369]Aims
This report presents an exploratory data analysis of student performance utilizing data obtained from a sample dataset in Excel. The analysis covers summary statistics, correlation analysis, hypothesis testing, and visualizations conducted using MATLAB. Key findings include insights into the distribution of exam scores, the relationship between variables, and gender-based differences in academic performance. The report aims to provide a clear and concise interpretation of the results, offering valuable insights for educational practitioners and researchers.

[bookmark: _Toc166244370]Objectives
The objective of this assignment is to conduct an exploratory data analysis of student performance using a provided dataset, an example of the data set can be seen in figure 1. The dataset contains information on student demographics, attendance, and exam scores. This report aims to analyse the dataset comprehensively to gain insights into factors influencing academic achievement. 
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[bookmark: _Toc166244230]Figure 1 - Example of Data set





[bookmark: _Toc166244371]Literature Review
To assist in understanding the output of the MATLAB report previous research on student performance has highlighted the importance of various factors in influencing academic achievement. One key area of investigation has been the research by (Johnson, et al., 2008) and (Lee & Lo, 2017) who have explored the impact of demographic factors such as age and gender, influencing academic performance. These studies have found that gender differences in academic achievement have been observed in certain subject areas.
Research shows gender differences in mathematics performance have been a subject of extensive evaluation across various cultures. (Hyde JS, 2009) contribute to this body of literature by conducting a cross-cultural analysis to explore how gender disparities in mathematics achievement may vary across different cultural contexts. Overall, Hyde and Mertz's findings underscore the complex interplay between gender, culture, and mathematics performance. By how cultural factors can shape and highlight gender differences in math achievements, their study contributes valuable insights to the understanding of the mechanisms underlying these disparities are formed. It also emphasizes the need for culturally sensitive approaches in addressing gender inequities in STEM education. 
Moreover, the influence of teaching methods and instructional strategies on student learning outcomes has been highlighted and investigated by scholars such as (Brown, 2014) and (Jones, 2019). These studies have underscored the importance of engaging and interactive teaching approaches whereby fostering student engagement and enhancing academic achievement pays dividends. By building upon and extending the findings of existing research, this study aims to provide further insights into the determinants of student performance and inform evidence-based interventions to support student success. In summary, understanding the determinants of student performance requires a comprehensive examination of various individual, contextual, and systemic factors. From demographic characteristics to instructional methodologies to technological advancements, a nuanced understanding of these influences is essential for promoting equitable access to quality education and fostering student success. By synthesizing and extending existing research, the present study aims to contribute to this ongoing dialogue and inform evidence-based practices for enhancing student outcomes in diverse educational settings.


[bookmark: _Toc166244372]Methodology
A brief introduction to MATLAB, short for Matrix Laboratory, is a powerful numerical computing environment and programming language widely used across academia, industry, and research. MATLAB excels in mathematical computations, data analysis, visualisation, and algorithm development. Using the MATLAB function ‘readtable’, the excel dataset was able to be imported into the program to start the statistical analysis. Following this, the measures of central tendency including mean, median, mode, range, and standard deviation, were all computed for variables such as age, attendance percentage, and exam scores (Fig.2).
While these summary statistics offer a useful overview of the data, it's essential to acknowledge their limitations, such as their inability to capture the full complexity of the dataset and potential sensitivity to outliers.
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[bookmark: _Toc166244231]Figure 2 - Measures of Central Tendency
The analysis begins by computing summary statistics such as mean, median, mode, range, and standard deviation for variables including age, attendance percentage, and exam scores. These statistics offer a comprehensive overview of the central tendency, variability, and distribution of the data. For instance, mean and median scores provide insights into the typical performance of students, while standard deviation indicates the dispersion of scores around the mean. (McKinney, 2010) notes that "In statistical analysis, mean, median, mode, range, and standard deviation are fundamental measures used to summarize and describe the distribution of a dataset’’. The mean, often referred to as the average, represents the central tendency of the data by calculating the sum of all values divided by the total number of observations (Gonick, 1993). The median is the middle value in a sorted dataset, dividing it into two equal halves, and is less sensitive to outliers compared to the mean (Gonick, 1993). The mode identifies the most frequently occurring value in the dataset, providing insights into the central tendency when dealing with categorical or discrete data (Kaplan, 2019). The range quantifies the spread or variability of the data by subtracting the minimum value from the maximum value, indicating the extent of values covered by the dataset (Moore, 2018). Lastly, standard deviation measures the dispersion of data points around the mean, reflecting the degree of variability or spread within the dataset (Kaplan, 2019). Together, these measures offer a comprehensive understanding of the central tendency, variability, and distributional characteristics of a dataset, facilitating insightful interpretations and comparisons, and will form one of the key statistics to analyse the data with.
Correlation analysis was conducted in MATLAB using the ‘’corrplot’’ function to explore the relationships between variables such as age, attendance, and exam scores. The definition of Correlation is that there are relationships between two or more variables. This does not imply that there are cause or effect relationships between them, it simply means there are some types of relationships meaning they change together at a constant rate. The results of the correlation analysis provide insights into potential dependencies and associations within the dataset, informing our understanding of factors that are influencing student performance. The correlation matrix and visualizations generated using MATLAB clearly illustrates the degree of linear relationship between variables such as age, attendance, and exam scores. Understanding these correlations enables educators to identify factors that may impact student performance, facilitating targeted interventions or adjustments in teaching methodologies. (MathWorks, 2024)
A hypothesis test comparing overall scores between male and female students is conducted to explore gender-based differences in academic achievement. The results of the t-test reveal whether there is a statistically significant disparity in performance between the two groups. This analysis contributes to understanding potential disparities in academic outcomes and informs efforts to promote gender equity in education. (Field, 2012)the report shows there is no significant difference in overall scores between genders the p-value generated by MATLAB is 0.43701.
Grouping the data for Exam 1, Exam 2, and Overall Results allows for a more detailed analysis by dividing the scores into specific categories or ranges. This segmentation enables researchers or educators to examine performance patterns within distinct groups, such as high, medium, and low achievers, or based on predefined grade boundaries. For example, grouping might involve categorizing scores into ranges like 0-50, 51-70, and 71-100. By doing so, it becomes easier to discern trends or disparities in performance across different levels of achievement.
Histograms and Ogives serve as effective visual tools to represent the distribution of exam scores and cumulative frequencies. Histograms display the frequency of scores within each predefined range as bars, providing a visual summary of how scores are distributed across the entire dataset. Ogives, on the other hand, plot cumulative frequencies against score ranges, showing the cumulative number of scores falling below each category. These visualizations offer insights into the spread, central tendency, allowing for quick identification of trends, outliers, or unusual patterns. 
By employing these visualizations, we can gain valuable insights into the performance distribution of the students. For instance, we can identify common score ranges where students excel or struggle, discern whether there are clusters of scores indicating areas of strength or weakness in the curriculum, or observe any shifts or changes in performance over time. (Wickham, 2016) acknowledges the work of Hadley Wickham, a prominent figure in the field of data science and visualization. Wickham's contributions, particularly in the development of R packages like ggplot2, have revolutionized the way data is visualized and analysed, influencing modern data analysis practices across various disciplines. 
Using the MATLAB code, we can clearly define that the qualitative analysis is primarily reflected in the examination of gender-based differences in overall scores through a t-test. This test assesses the significance of disparities between male and female students' performance, providing insights into qualitative aspects such as gender-based variations in academic achievement. While statistical tests like the t-test are quantitative in nature, they are applied to qualitative variables (e.g., gender) to understand differences in performance between different groups. Therefore, while the t-test itself is a quantitative method, its application to examine qualitative aspects of the data makes it part of the qualitative analysis in this context. Likewise, the quantitative analysis of the MATLAB code encompasses the calculation of various statistical measures such as mean, median, mode, range, and standard deviation for quantitative variables such as age, attendance, exam scores, and overall scores. These statistical measures provide numerical summaries of the data's central tendency, dispersion, and distribution. Additionally, the calculation of correlation coefficients between different quantitative variables, followed by visual representation through a correlation matrix plot, quantifies the strength and direction of relationships between these variables. Furthermore, the construction of histograms and Ogives to visualize the distribution of exam scores and overall scores quantitatively illustrates the frequency distribution across different performance levels.
It is imperative to address lingering questions uncovered during the analysis conducted, delving deeper into unexpected correlations or trends in student performance to unearth the underlying mechanisms at play. Methodological enhancements present opportunities for refinement, potentially through the adoption of alternative statistical techniques or the expansion of data collection methods, including the incorporation of qualitative research approaches for richer insights. Longitudinal studies offer a promising avenue for understanding the dynamic nature of student performance over time, providing invaluable insights into the evolution of academic achievement across various developmental stages. Moreover, intervention studies could be envisaged to rigorously assess the efficacy of specific educational interventions or strategies, thus furnishing actionable insights to improve student outcomes. Additionally, investigating contextual factors such as school climate, socioeconomic status, or community resources could shed light on their profound impact on student performance, facilitating the development of targeted interventions to address pervasive equity gaps in education. By embracing these avenues, future research endeavours can contribute substantively to the nuanced understanding of student performance and guide the formulation of evidence-based practices aimed at fostering equitable educational outcomes.

[bookmark: _Toc166244373]Conclusions
In conclusion, the MATLAB code presented in this analysis has facilitated a comprehensive exploration of student performance data, offering valuable insights into various aspects of academic achievement. Through the computation of summary statistics, including mean, median, mode, range, and standard deviation, we gained a deeper understanding of the central tendency, variability, and distributional characteristics of the dataset. The correlation analysis further elucidated the relationships between variables such as age, attendance, and exam scores, enabling us to identify potential factors influencing student performance. The hypothesis testing conducted to compare overall scores between male and female students provided evidence of gender-based differences in academic achievement, contributing to our understanding of equity issues in education. Moreover, the visualizations generated using MATLAB, including histograms and Ogives, offered intuitive representations of the frequency distribution of exam scores, facilitating the identification of trends and patterns within the data. Overall, the MATLAB code has served as a powerful tool for conducting exploratory data analysis, providing actionable insights for educational practitioners and policymakers to inform evidence-based decision-making and interventions aimed at enhancing student outcomes. 
In summary, the exploratory data analysis conducted in this report has yielded valuable insights into student performance and its determinants. The summary statistics, correlation analysis, and grouped data analysis have provided a comprehensive overview of the dataset, highlighting key trends and relationships. However, it's essential to recognize the limitations of the statistical methods used, including their reliance on assumptions and potential biases. Moving forward, further research incorporating advanced statistical techniques and larger datasets could provide deeper insights into the complex dynamics of student achievement. Overall, this analysis contributes to the growing body of literature on educational data analysis, offering valuable implications for practice and future research endeavours.
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% Clear the command window and workspace - 
clc 
clear 
close

%Import the dataset from excel -
data = readtable('student_grades.csv');

% Calculate the average exam results and add it to the student database
O_AllScore = (data{:,5} + data{:,6})/2;

%Measures of central tendency and dispersion- 

% Mean -
mean_age = mean(data.age); % Compute the mean age
mean_attendance = mean(data.attendancePercentage); % Compute the mean attendance percentage
mean_1st_exam = mean(data.('Exam_1')); % Compute the mean score for the 1st exam
mean_2nd_exam = mean(data.('Exam_2')); % Compute the mean score for the 2nd exam
mean_overall_score = mean(data.('O_AllScore')); % Compute the mean overall score

% Median - 
median_age = median(data.age); % Compute the median age
median_attendance = median(data.attendancePercentage); % Compute the median attendance percentage
median_1st_exam = median(data.('Exam_1')); % Compute the median score for the 1st exam
median_2nd_exam = median(data.('Exam_2')); % Compute the median score for the 2nd exam
median_overall_score = median(data.('O_AllScore')); % Compute the median overall score

% Mode -
mode_age = mode(data.age); % Find the mode of age
mode_attendance = mode(data.attendancePercentage); % Find the mode of attendance percentage
mode_1st_exam = mode(data.('Exam_1')); % Find the mode of the 1st exam scores
mode_2nd_exam = mode(data.('Exam_2')); % Find the mode of the 2nd exam scores
mode_overall_score = mode(data.('O_AllScore')); % Compute the mode overall score

% Range (min and max) -
min_age = min(data.age); % Find the minimum age
max_age = max(data.age); % Find the maximum age
min_attendance = min(data.attendancePercentage); % Find the minimum attendance percentage
max_attendance = max(data.attendancePercentage); % Find the maximum attendance percentage
min_1st_exam = min(data.('Exam_1')); % Find the minimum score for the 1st exam
max_1st_exam = max(data.('Exam_1')); % Find the maximum score for the 1st exam
min_2nd_exam = min(data.('Exam_2')); % Find the minimum score for the 2nd exam
max_2nd_exam = max(data.('Exam_2')); % Find the maximum score for the 2nd exam
min_overall_score = min(data.('O_AllScore')); % Compute the min overall score
max_overall_score = max(data.('O_AllScore')); % Compute the max overall score


% Standard deviation -
std_age = std(data.age); % Compute the standard deviation of age
std_attendance = std(data.attendancePercentage); % Compute the standard deviation of attendance percentage
std_1st_exam = std(data.('Exam_1')); % Compute the standard deviation of the 1st exam scores
std_2nd_exam = std(data.('Exam_2')); % Compute the standard deviation of the 2nd exam scores
std_overall_score = std(data.('O_AllScore')); % Compute the standard deviation of the overall scores

% Create a summary table -
summary_table = table([mean_age; mean_attendance; mean_1st_exam; mean_2nd_exam; mean_overall_score], ...
                      [median_age; median_attendance; median_1st_exam; median_2nd_exam; median_overall_score], ...
                      [mode_age; mode_attendance; mode_1st_exam; mode_2nd_exam; mode_overall_score], ...
                      {sprintf('%d - %d', min_age, max_age); sprintf('%d - %d', min_attendance, max_attendance); ...
                      sprintf('%d - %d', min_1st_exam, max_1st_exam); sprintf('%d - %d', min_2nd_exam, max_2nd_exam); ...
                      sprintf('%g -%g', min_overall_score, max_overall_score )}, ...
                      [std_age; std_attendance; std_1st_exam; std_2nd_exam; std_overall_score], ...
                      'VariableNames', {'Mean', 'Median', 'Mode', 'Range', 'Std'}, ...
                      'RowNames', {'Age', 'Attendance', '1st Exam Score', '2nd Exam Score', 'O/All Score'});

% Display the summary table -
disp(summary_table);


%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%Calculate pairwise linear correlation coefficients -
correlation_matrix = corr(data{:, {'age', 'attendancePercentage', 'Exam_1', 'Exam_2', 'O_AllScore'}});

% Display correlation matrix -
disp('correlation_Matrix:');
disp(correlation_matrix);

% Visualize the correlation matrix using corrplot
figure(1)
corrplot((data{:, {'age', 'attendancePercentage', 'Exam_1', 'Exam_2', 'O_AllScore'}}),'varnames',{'age', 'atdce', 'exam1', 'exam2', 'o/all'},'testR','ON')
% Add title to the plot
title('Correlation Matrix');

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Extract variables
overall_score = data.O_AllScore;
gender = data.gender;

% Group the data by gender
male_scores = overall_score(strcmp(gender, 'Male'));
female_scores = overall_score(strcmp(gender, 'Female'));

% Perform t-test
[h, p] = ttest2(male_scores, female_scores);

% Display test results
disp('Test Results:');
if h == 1
    disp('There is a significant difference in overall scores between genders.');
else
    disp('There is no significant difference in overall scores between genders.');
end
disp(['p-value: ', num2str(p)]);


%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Extract exam scores
exam1_scores = data.Exam_1;
exam2_scores = data.Exam_2;
overall_scores = data.O_AllScore;
CW = 10; % Class width

% Compute frequency counts using histcounts for each exam
exam1_counts = histcounts(exam1_scores, 'BinWidth', CW);
exam2_counts = histcounts(exam2_scores, 'BinWidth', CW);
overall_counts = histcounts(overall_scores, 'BinWidth', CW);

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Create bins starting from 0 and ending at 100 with intervals of 10
bins = 0:10:100;

% Create histograms for classified results in one figure

% Histogram for Exam 1 results
figure(2)
subplot(1, 3, 1) % 1 row, 3 columns, first subplot
histogram('BinEdges', bins, 'BinCounts', exam1_counts);
title('Exam 1 Histogram');
xlabel('Class Limits');
ylabel('Frequency');
xlim([0 100])
ylim([0 25])
grid on

%Histogram for Exam 2 results
subplot(1, 3, 2) % 1 row, 3 columns, second subplot
histogram('BinEdges', bins, 'BinCounts', exam2_counts);
title('Exam 2 Histogram');
xlabel('Class Limits');
ylabel('Frequency');
xlim([0 100])
ylim([0 25])
grid on

%Histogram for Overall results
subplot(1, 3, 3) % 1 row, 3 columns, third subplot
histogram('BinEdges', bins, 'BinCounts', overall_counts);
title('O/All Results Histogram');
xlabel('Class Limits');
ylabel('Frequency');
xlim([0 100])
ylim([0 25])
grid on

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%Exam 1 result Ogives
CW = 10; %Class Width
LCL = 0 : CW : 90; %Lower class limits vector
HCL = LCL+CW; %Higher class limits vector
F = [2 3 4 11 15 21 10 13 14 7]; %Frequency vector
R = F/sum(F); %Relative frequency vector
RCF = cumsum(R); %Cumulative relative frequency vector
ICRF = cumsum(R,'reverse'); % Inverse cumulative relative frequency vector

figure (3)
subplot(1, 3, 1) % 1 row, 3 columns, first subplot
hold on
plot([LCL(1) HCL],[0 RCF],'Marker','.','Color','r') % Less than Ogive
plot([LCL HCL(end)],[ICRF 0],'Marker','.','Color','b') % More than Ogive
xlim([LCL(1) HCL(end)])
xticks(LCL(1):10:HCL(end))
ylim([0 1])
title('Exam 1 Ogives')
ylabel('Cumulative Relative Frequency')
xlabel('Class Limits')
legend('Less Than', 'More Than');
grid on;


%Exam 2 result Ogives
CW = 10; %Class Width
LCL = 0 : CW : 90; %Lower class limits vector
HCL = LCL+CW; %Higher class limits vector
F = [1 7 5 12 16 14 15 12 14 4]; %Frequency vector
R = F/sum(F); %Relative frequency vector
RCF = cumsum(R); %Cumulative relative frequency vector
ICRF = cumsum(R,'reverse'); % Inverse cumulative relative frequency vector


subplot(1, 3, 2) % 1 row, 3 columns, first subplot
hold on
plot([LCL(1) HCL],[0 RCF],'Marker','.','Color','r') % Less than Ogive
plot([LCL HCL(end)],[ICRF 0],'Marker','.','Color','b') % More than Ogive
xlim([LCL(1) HCL(end)])
xticks(LCL(1):10:HCL(end))
ylim([0 1])
title('Exam 2 Ogives')
ylabel('Cumulative Relative Frequency')
xlabel('Class Limits')
legend('Less Than', 'More Than');
grid on;


%O_all result Ogives
CW = 10; %Class Width
LCL = 0 : CW : 90; %Lower class limits vector
HCL = LCL+CW; %Higher class limits vector
F = [1 3 8 11 16 14 17 13 10 7]; %Frequency vector
R = F/sum(F); %Relative frequency vector
RCF = cumsum(R); %Cumulative relative frequency vector
ICRF = cumsum(R,'reverse'); % Inverse cumulative relative frequency vector


subplot(1, 3, 3) % 1 row, 3 columns, first subplot
hold on
plot([LCL(1) HCL],[0 RCF],'Marker','.','Color','r') % Less than Ogive
plot([LCL HCL(end)],[ICRF 0],'Marker','.','Color','b') % More than Ogive
xlim([LCL(1) HCL(end)])
xticks(LCL(1):10:HCL(end))
ylim([0 1])
title('O/All Results Ogives')
ylabel('Cumulative Relative Frequency')
xlabel('Class Limits')
legend('Less Than', 'More Than');
grid on;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
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studentID gender age attendancePercentage = Exam_1 Exam_2 O_AllScore

P39751 Female 38 66 52 40 46

P10867 Female 41 80 76 77 76.5
P09821 Male 32 50 64 69 66.5
P13542 Female 48 44 55 52 53.5
P61234 Female 38 57 67 72 69.5
P71550 Male 23 86 73 81 77

P61099 Female 23 95 86 95 90.5

P83064 Female 38 64 67 71 69
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Age
Attendance

1st Exam Score
2nd Exam Score
O/All Score

Mean Median Mode Range std
36.65 37.5 48 {'19 - 53' } 9.7643
60.58 57 27 {'20 - 100"} 24.249
58.27 58 59 {'7 - 98" } 21.673
55.08 53.5 51 {'4 - 98" } 22.428
56.675 54.5 25.5 {'9.5 -95'" } 21.452
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