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[bookmark: _Toc224894106]1.1 Data Mining in Business 
Data mining is the process of analysing large datasets to discover meaningful patterns, relationships, and trends that support informed decision-making. It is a core component of business intelligence and enables organisations to transform raw data into actionable insights [2]. Techniques such as classification, clustering, and prediction are widely used to extract knowledge from structured datasets .
The data mining process typically involves several stages, including data collection, preprocessing, model development, evaluation, and interpretation. Classification methods, such as decision trees and Naive Bayes, are commonly used to predict categorical outcomes, while clustering techniques such as K-Means identify hidden groupings within data. These approaches allow organisations to understand patterns that are not immediately visible through traditional analysis.
In a business context, data mining supports proactive decision-making. For example, it can be used to predict customer behaviour, detect fraud, optimise marketing strategies, and improve operational efficiency. In the education sector, data mining can identify students at risk of underperforming, enabling early intervention and improved outcomes [3].
However, the effectiveness of data mining is highly dependent on data quality. Issues such as missing values, inconsistent formats, and noise can significantly reduce model performance. As a result, preprocessing is a critical step in ensuring reliable and accurate results.
In this project, data mining techniques are applied to a student performance dataset to predict academic outcomes and identify patterns in student behaviour. This demonstrates how data-driven approaches can support decision-making in educational institutions. This project follows a structured data mining approach involving data preparation, modelling, evaluation and interpretation, which is consistent with CRISP-DM [4]
[bookmark: _Toc224894107]1.2 Dataset Description & Exploration
The dataset used in this project is the Student Performance dataset, which contains information about students studying Mathematics and Portuguese in two Portuguese secondary schools. The dataset includes a mixture of demographic, behavioural, family, and academic variables that can be used to explore factors affecting student attainment [1].
Two original files were used: one for Mathematics and one for Portuguese. These were first processed in R before being imported into Weka. A shared set of identifying variables was used as a matching key during the merge process, including attributes such as school, sex, age, address, family size, parental status, parental education, parental occupation, reason for school choice, nursery attendance, and internet access. After merging, a final combined dataset was created containing common student attributes and separate grade variables for each subject: G1, G2, and G3 for Portuguese and Mathematics.
The final dataset contained 682 rows and 36 attributes. After merging, subject-specific blank grade fields were present for students who appeared in only one subject file. After these incomplete subject-specific records were removed for classification, 407 instances remained for Mathematics modelling and 328 instances remained for Portuguese modelling. It included categorical variables such as school, sex, parental job, and romantic relationship status, as well as numerical variables such as age, travel time, study time, failures, absences, and grades. Since the dataset contained both categorical and numerical attributes, further preprocessing was necessary before modelling.
Initial exploration in R included structural checks using str(), descriptive summaries using summary(), and missing-value counts using colSums(is.na()). Histograms were also used to examine the distributions of final Mathematics and Portuguese grades, while boxplots were created to assess spread and possible outliers. Scatter plots were then used to explore the relationships between absences and final grades, and between study time and final grades. These steps were useful because they provided an early understanding of the shape and quality of the data before any modelling took place.
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[bookmark: _Toc224896922]Figure 1 Histogram of Final Maths Marks
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[bookmark: _Toc224896923]Figure 2 Portuguese Final Grades Box Plot
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[bookmark: _Toc224896924]Figure 3 Portuguese Final Grade/ Absences Scatter Plot
The exploratory analysis suggested that previous academic performance and study-related factors were likely to be important predictors of final grade. The grade distributions were concentrated in the middle range rather than being evenly spread, which indicates class imbalance. This is important because multi-class classification becomes more difficult when some outcome values are much more common than others. Overall, the dataset was suitable for both classification and clustering, but its mixed data types and imbalanced class structure meant that preprocessing would be essential before reliable modelling could be carried out.
[bookmark: _Toc224894108]1.3 Pre-processing & Post-processing
Preprocessing was carried out in two stages. The data preparation process followed a standard data mining workflow, including cleaning, attribute selection, transformation and evaluation [4]. Primary preprocessing was completed in R, where the Mathematics and Portuguese datasets were merged and checked for structure, missing values, and overall distributions. The main secondary preprocessing tasks were carried out in Weka, which is widely used for practical machine learning and data mining experiments [2], [5]. Categorical variables were converted using NominalToBinary, rows containing blank subject-specific grade fields were removed using RemoveWithValues, the class variable was converted from numeric to nominal using NumericToNominal, and the data was randomised and split for evaluation. Categorical variables were converted using the NominalToBinary filter so that algorithms could process the data more effectively. This was necessary because many machine learning methods perform better when categorical data are transformed into a binary representation. Missing values introduced during the merge were then addressed. These blank values were mainly created because some students appeared in one subject dataset but not the other, so subject-specific grade fields were empty after merging. In the submitted workflow, rows containing missing values were removed using the RemoveWithValues filter. This allowed the classification algorithms to run successfully, but it also reduced the dataset size. Although deletion is straightforward, it can lead to information loss and may bias the dataset if missingness is not random. A stronger critical point here is that imputation could have been tested as an alternative to preserve more cases.
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[bookmark: _Toc224896925]Figure 4 Before NumericToNominal Filter Applied
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[bookmark: _Toc224896926]Figure 5 After NumericToNominal Filter Applied
Another issue was that the class attribute, particularly G3_mat, was initially interpreted as numeric rather than nominal. Since classification algorithms such as J48 require a categorical class variable, the NumericToNominal filter was applied. This step was essential because without it the chosen models could not be run as classification algorithms. The dataset was then randomised in Weka to reduce any ordering bias, and it was split into training and testing datasets for model evaluation. [image: ]
[bookmark: _Toc224896927]Figure 6 Screenshot showing J48 Classifier not able to run due to blanks and target class being (num) instead of (nom)
Post-processing involved interpreting the outputs from the classification and clustering models. Accuracy, recall, and correctly classified instances were used to compare model performance. Confusion matrices were examined to assess how effectively different grade categories were predicted. It is also important to explain that precision and F1 scores were shown as undefined because some classes received no predicted instances. In Weka, this commonly happens in imbalanced multi-class classification problems where certain grade values are rare. This is not simply a software error; it is itself evidence that the modelling task is difficult and that the class structure of the dataset creates limitations for the chosen approach.
Overall, the preprocessing strategy was thorough and practical. Using R before Weka strengthened the data preparation stage considerably because it allowed the merge to be controlled and audited. However, one limitation is that deleting rows with missing values may have removed potentially useful information. Future work could compare deletion with imputation and could also consider reducing the number of grade classes by grouping grades into broader performance bands.
Due to the large number of preprocessing steps, detailed screenshots have been included in the Appendix, with key stages referenced in the main report.
[bookmark: _Toc224894109]1.4 Models, Results and Justification
Three classification algorithms were applied to predict student performance: J48 (decision tree), Random Forest, and Naive Bayes. These models were selected because they represent different approaches to classification and are widely used in data mining. J48 was chosen for its interpretability and ability to generate decision rules, Random Forest for its ability to improve predictive performance through ensemble learning, and Naive Bayes as a simple probabilistic baseline model. Decision tree approaches are particularly valuable in educational contexts where transparency and explainability are important. Sample Weka outputs supporting the Mathematics modelling process are included in Appendix Figures 16-25, while Portuguese modelling outputs are included in Appendix Figures 32-41.
The models were first evaluated using 10-fold cross-validation on the Mathematics dataset. The J48 model achieved the highest accuracy of 37.93%, outperforming Random Forest (33.99%) and Naive Bayes (30.54%). Recall values followed a similar pattern, with J48 achieving 0.379, compared to 0.340 for Random Forest and 0.305 for Naive Bayes. These results are summarised in Table 1.
Table 1: Model performance comparison (Maths dataset)
	
	J48
	Random Forest
	Naive Bayes

	Accuracy
	37.93%
	33.99%
	30.54%

	Precision
	Undefined
	Undefined
	Undefined

	Recall
	0.379
	0.340
	0.305

	F1 score
	Undefined
	Undefined
	Undefined

	Correctly Classified Instances
	77
	69
	62

	Incorrectly Classified Instances
	126
	134
	141



Table 1 shows that although J48 performed best, overall accuracy across all models was relatively low. This can be explained by the complexity of predicting exact grade values across multiple classes. The dataset contains many possible outcome values (e.g. grades from 0–20), which makes classification more difficult compared to binary classification problems. In addition, class imbalance is present, meaning that some grades occur more frequently than others. This results in some classes not being predicted at all, which explains why precision and F1 scores are shown as undefined in Weka.
Despite the relatively low performance, J48 was selected as the final model due to its consistent performance and interpretability. Unlike Random Forest, which operates as a “black box”, J48 produces clear decision rules that can be understood and applied in real-world educational settings. This makes it more suitable for supporting decision-making, even if predictive accuracy is not significantly higher.
The selected J48 model was then retrained using the full training dataset and evaluated using a separate test dataset. The model achieved 84.03% accuracy on the training data and 82.84% on the test data, with recall values of 0.840 and 0.828 respectively (Table 2). The similarity between training and test performance indicates that the model generalises well and is not significantly overfitting. This suggests that the relationships between input variables (such as G1, G2, and study time) and the target variable (G3) are relatively strong in the Mathematics dataset.
Table 2: Final J48 performance (Maths dataset)
	Metric
	Training Data
	Test Data

	Accuracy
	84.03%
	82.84%

	Precision
	Undefined
	Undefined

	Recall
	0.840
	0.828

	F1 Score
	Undefined
	Undefined

	Correctly Classified Instances
	342
	169

	Incorrectly Classified Instances
	65
	35



This indicates that the Mathematics model generalised well, suggesting stronger relationships between the predictors and final Mathematics grade.
The same classification approach was applied to the Portuguese dataset. Again, J48 achieved the highest accuracy (41.77%), followed by Random Forest (37.50%) and Naive Bayes (33.54%). Recall values followed the same trend, indicating that J48 consistently outperformed the other models. However, accuracy remained relatively low across all models, suggesting that predicting Portuguese performance is also a complex task. These results are summarised in Table 3.
Table 3: Model performance comparison (Portuguese dataset)
	Metric
	J48
	Random Forest
	Naive Bayes

	Accuracy
	41.77%
	37.50%
	33.54%

	Precision
	Undefined
	Undefined
	Undefined

	Recall
	0.418
	0.375
	0.335

	F1 score
	Undefined
	Undefined
	Undefined

	Correctly Classified Instances
	137
	123
	110

	Incorrectly Classified Instances
	191
	205
	218



When the J48 model was evaluated on training and test datasets for Portuguese, a significant difference in performance was observed. The model achieved 84.76% accuracy on the training data, but this dropped to 37.99% on the test data, with recall decreasing from 0.848 to 0.380 (Table 4). This large drop in performance suggests that the model is overfitting the training data. In other words, the model has learned patterns specific to the training dataset but is unable to generalise effectively to unseen data. This may be due to weaker relationships between input variables and the Portuguese final grade, or greater variability within the dataset.
Table 4: Final J48 performance (Portuguese dataset)
	Metric
	Training Data
	Test Data

	Accuracy
	84.76%
	37.99%

	Precision
	Undefined
	Undefined

	Recall
	0.848
	0.380

	F1 Score
	Undefined
	Undefined

	Correctly Classified Instances
	278
	125

	Incorrectly Classified Instances
	50
	204



These results highlight an important limitation of classification models in this context. While models can perform well on training data, their usefulness depends on their ability to generalise to new data. The difference between Mathematics and Portuguese results suggests that the strength of relationships within the data significantly impacts model performance.
[bookmark: _Toc224894110]1.4.1 Cross-subject prediction
To investigate whether performance in one subject helped to predict performance in the other, an additional cross-subject experiment was carried out using the J48 classifier. For the Mathematics prediction task, the Portuguese grade attributes (G1_por, G2_por and G3_por) were removed so that the model used only background variables and Mathematics grades. When this was done, the model achieved 31.86% accuracy on the test set, compared with 82.84% when the full attribute set was available. For the Portuguese prediction task, the Mathematics grade attributes (G1_mat, G2_mat and G3_mat) were removed so that the model used only background variables and Portuguese grades. In this case, test accuracy was 36.28%, compared with 37.99% for the full Portuguese test model. These results suggest that cross-subject information was very important for predicting Mathematics, but much less important for predicting Portuguese. Overall, the experiment shows that relationships exist between the two subjects, although their predictive importance is not equal in both directions.
Table 5: Cross-subject prediction results
	Prediction task
	Full model test accuracy
	Test accuracy without other subject grades
	Change

	Mathematics
	82.84%
	31.86%
	-50.98%

	Portuguese
	37.99%
	36.28%
	-1.71%



As shown in Table 5, removing Portuguese grades caused a large drop in Mathematics prediction accuracy, whereas removing Mathematics grades caused only a small drop in Portuguese prediction accuracy. This suggests that cross-subject grade information was much more important for predicting Mathematics than for predicting Portuguese. These cross-subject results should be interpreted cautiously because Weka ignored some instances with unknown class values during evaluation, particularly in the Mathematics cross-subject test. Screenshots of the attribute-removal runs are provided in Appendix Figures 44 and 45.
[bookmark: _Toc224894111]1.4.2 K-Means Clustering Results
K-Means clustering was applied to the merged dataset containing both Mathematics and Portuguese variables (682 instances, 36 attributes). During clustering, Weka replaced missing values globally using mean/mode values. The number of clusters was set to k = 3, which produced three interpretable groups of students. The corresponding Weka K-Means output is shown in Appendix Figures 42 and 43.
	Cluster
	Number of Students
	Percentage

	Cluster 0
	281
	41%

	Cluster 1
	179
	26%

	Cluster 2
	222
	33%


Table 6: K-Means cluster sizes



The clustering results reveal three distinct groups of students.
[bookmark: _Toc224894112]Cluster 0 - Higher-performing students
This group is characterised by higher academic performance, with average grades of G3_por ≈ 12.81 and G3_mat ≈ 10.87. Students in this cluster have fewer failures (0.13), slightly higher study time (2.10), and lower alcohol consumption (Walc ≈ 2.10). This suggests strong academic engagement and more effective study behaviours.
[bookmark: _Toc224894113]Cluster 1 - Lower-performing / at-risk students
This cluster contains students with lower grades (G3_por ≈ 11.25, G3_mat ≈ 9.45) and the highest failure rate (0.35). These students also tend to have lower parental education and slightly higher travel times. This group represents students who may require additional academic support and intervention.
[bookmark: _Toc224894114]Cluster 2 - Average students
This group shows mid-range academic performance (G3_por ≈ 11.27, G3_mat ≈ 10.40) and moderate failure rates (0.34). Students in this cluster also demonstrate higher levels of social activity (goout ≈ 3.38) and alcohol consumption (Walc ≈ 2.79), suggesting a balance between academic and social factors.
These clusters provide actionable insights that can be used by educational institutions to target specific groups of students with tailored interventions. For example, at-risk students can be identified early and provided with additional support, while higher-performing students can be encouraged to maintain effective study habits.
Overall, the clustering results demonstrate that student performance is influenced by a combination of academic, behavioural, and social factors. This highlights the importance of considering multiple variables when analysing educational outcomes. 
[bookmark: _Toc224894115]1.5 Business Recommendations
The results of this analysis provide several actionable recommendations for educational institutions aiming to improve student outcomes. The classification models, particularly the J48 decision tree, demonstrated that student performance can be predicted using historical academic and behavioural data. This enables schools to move from reactive to proactive decision-making. This shows data mining results can support earlier intervention and better targeting of support strategies in educational settings [1].
A key recommendation is the implementation of early intervention systems. Variables such as previous grades (G1 and G2), number of past failures, and study time were identified as strong predictors of final performance. By continuously monitoring these indicators, schools can identify at-risk students at an early stage and provide targeted support such as tutoring, mentoring, or structured revision programmes. This would help reduce failure rates and improve overall academic performance.
The clustering analysis further supports a segmented approach to student support. The identification of three distinct student groups which are high-performing, average, and at-risk which suggests that a one-size-fits-all strategy is ineffective. Instead, institutions should adopt tailored interventions. For example, at-risk students may benefit from additional academic support and attendance monitoring, while average students could be supported through motivation and study skill development. High-performing students could be encouraged through enrichment programmes to maintain and further improve their performance.
In addition, behavioural factors such as study time, alcohol consumption, and social activity were shown to influence performance. This highlights the importance of promoting positive student behaviours alongside academic support. Schools could introduce workshops on time management, study techniques, and wellbeing to encourage more effective learning habits.
From a strategic perspective, integrating data mining tools into school management systems would allow for continuous monitoring of student performance and more informed decision-making. This could improve resource allocation by ensuring that support services are directed towards students who need them most.
However, it is important to recognise that predictive models are not perfectly accurate. Therefore, these tools should be used to support, rather than replace, professional judgement by teachers and administrators.
Overall, the use of data mining techniques provides a valuable opportunity for educational institutions to enhance student performance, improve retention rates, and adopt a more data-driven approach to decision-making.
[bookmark: _Toc224894116]1.6 Reflection
The data mining process was effective in identifying patterns within the dataset and predicting student performance. The J48 model performed particularly well for the Mathematics dataset, achieving high accuracy on both training and test data. This indicates that the model can generalise well when the relationships between variables are strong.
One of the main advantages of the approach used is the interpretability of the decision tree model. Unlike more complex models, J48 provides clear rules that explain how predictions are made, which is valuable in real-world applications where transparency is important. Additionally, the use of multiple models allowed for comparison and ensured that the final model selection was justified.
However, there are also limitations. The performance of the Portuguese model was significantly lower on the test data, suggesting that the model did not generalise as well. This may be due to weaker relationships between variables or greater variability within the dataset. Another limitation is that the models were highly dependent on preprocessing. Issues such as missing values and incorrect attribute types initially prevented the models from running, highlighting the importance of data preparation.
If this analysis were repeated, more time would be spent on feature selection and exploring additional algorithms, such as support vector machines or neural networks. Improved visualisation techniques could also provide deeper insights into the data. In addition, future work could test grouped performance bands rather than exact grade values, as this may reduce class imbalance and improve predictive performance.
Overall, this project demonstrates the importance of preprocessing, model selection, and evaluation in achieving reliable data mining results.



[bookmark: _Toc224894117]Appendix
[image: ]
[bookmark: _Toc224896928]Figure 7 Loading csv data file
[image: ]
[bookmark: _Toc224896929]Figure 8 Nominal to binary with transform all values
[image: ]
[bookmark: _Toc224896930]Figure 9 After it is applied
[image: ]
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12:57:43 - trees. )48 TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area Class
12:58:10 - trees RandomForest 0.700  0.009  0.700 0.700  0.700 0.691  0.877 0.728 0
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Classifier
Choose | J48-C0.25-M2

Test options Classifier output
Use training set
@® Supplied test set Set.. === Detailed Accuracy By Class ===
Cross-validation  Folds | 10 TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area Class
Percentage split % | 66 0.900  0.009  0.750 0.900  o0.818 0.816  0.996 0.829 0
E 0.000 2 2 2 2 2 2 1
More options...
1.000  0.003  0.500 1.000  0.667 0.706  0.998 0.500 5
0.000  0.000 2 0.000 2 2 0.992 0.350 6
(Nom) G3_por v 0.750 0.006 0.600 0.750 0.667 0.666 0.996 0.619 7
0.885  0.013  0.852 0.885  0.868 0.857  0.995 0.934 8
Start Stop 0.357 0.003  0.833 0.357 0.500 0.534 0.965 0.599 9
Result list (right-click for options) 0.961 0.040 0.817 0.961 0.883 0.863 0.987 0.906 10
12:57:43 - treesJ48 0.891  0.014  0.911 0.891  0.901 0.885  0.995 0.965 11
12:58:10 - trees.RandomForest 0.786  0.010  0.880 0.786  0.830 0.817  0.990 0.901 12
12:58:31 - bayes NaiveBayes 0.865  0.021  0.842 0.865  0.853 0.834  0.990 0.899 13
1414112 - trees. 148 0.892  0.017  0.868 0.892  0.880 0.865  0.993 0.936 14
141446 - trees)a8 0.929  0.013  0.867 0.929  0.897 0.887  0.995 0.915 15
0.857  0.010  0.857 0.857  0.857 0.847  0.989 0.874 16
14:39:32 - trees.J48
0.625  0.000  1.000 0.625  0.769 0.783  0.987 0.837 17
14:39:57 - trees.RandomForest 1.000  0.009  0.667 1.000  0.800 0.813  0.997 0.778 18
14:40:24 - bayes NaiveBayes 0.000  0.000 2 0.000 2 2 0.991 0.143 19
14:45:56 - trees.)48 Weighted Avg. 0.848 0.017 2 0.848 2 2 0.991 0.886
14:46:51 - trees.J48
=== Confusion Matrix ===
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Choose | J48-C0.25-M2

Test options Classifier output
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@® Supplied test set Set.. === Detailed Accuracy By Class ===
Cross-validation  Folds | 10 TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area
Percentage split % | 66 0.400  0.019  0.250 0.400  0.308 0.303  0.684 0.109
; 0.000  0.000 2 0.000 2 2 0.500 0.003
More options...
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15:08:39 - SimpleKMeans
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=== Clustering model (full training set) ===

kMeans

Number of iterations: 6

Within cluster sum of squared errors:

Initial starting points (random)

Cluster 0: GP,F,16,U,GT3,T,3,3,other, other, home, father, 1,2, 0, no, yes, no, no, yes, yes, no, no, 4,3,2,1,2,5,0,11,13,13,6,10,10

Cluster 1:

GP,F,17,R,GT3,T,2,4,at_home,other, course, father, 1,3, 0, no, yes, no, no, yes, yes, yes, yes, 4, 4,3,1,1,5,0,15,15,15,12,14,14

3824.1158116422375

Cluster 2: Ms,F,17,U,GT3,T,0,1,other, at_home,course, father,2,1,0,n0,n0,no, yes, no, yes, no,no, 2, 4,4,3,5,5,5,9,9,10,10.879607, 10. 678133,10.34398

Missing values globally replaced with mean/mode

Final cluster centroids:

Cluster#

Attribute Full Data 0 1 2

(682.0) (281.0) (179.0) (222.0)
school Gp Gp Gp MS
sex F F F M
age 16.8079 16.6619 16.9832 16.8514
address u u R u
famsize GT3 GT3 GT3 GT3
Pstatus w w w w
Medu 2.5044 2.9004 2.1006 2.3288
Fedu 2.3035 2.6121 2 2.1577
Mjob other other at_home other
Fjob other other other other
reason course home course course
guardian mother mother mother mother
traveltime 1.5616 1.3416 1.8268 1.6261
studytime 1.9267 2.1068 1.9665 1.6667
failures 0.2581 0.1352 0.3464 0.3423
schoolsup no no no no
famsup yes yes yes no
paid no no no no
activities no no no yes
nursery yes yes yes yes
higher yes yes yes yes
internet yes yes yes yes
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