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1.1: Purpose and Practice of Data Mining:
Data mining is the process of discovering meaningful patterns, correlations, and insights from large datasets through the application of statistical, mathematical, and computational techniques [1]. It forms a core component of the broader Knowledge Discovery in Databases (KDD) process, encompassing data preparation, pattern recognition, and result interpretation to support informed decision-making [2].
In healthcare contexts, data mining has become an increasingly powerful tool for predictive analytics and clinical decision support. By analysing patient records, demographic information, and clinical measurements, machine learning models can identify individuals at elevated risk of conditions such as stroke, diabetes, and cardiovascular disease before symptoms become critical. This enables healthcare providers to shift from reactive to preventative care, potentially saving lives and reducing the burden on public health systems [3].
In business contexts, data mining supports customer segmentation, fraud detection, demand forecasting, and risk assessment. Organisations across sectors including finance, retail, and insurance routinely deploy classification and clustering algorithms to extract actionable intelligence from their operational data, driving competitive advantage and more efficient resource allocation [4].
This analysis applies data mining specifically to stroke prediction, combining classification techniques (J48 Decision Tree and Random Forest) with unsupervised clustering via K-Means, to both predict individual stroke risk and identify broader demographic patterns associated with stroke occurrence. The ultimate goal is to demonstrate how data-driven insights can inform real-world healthcare decisions and public health strategy.



[bookmark: _Toc227866133]1.2:Dataset Description and Exploration:
The Stroke Prediction Dataset, sourced from Kaggle, contains 5,110 patient records with 11 attributes covering demographic, lifestyle, and clinical information. The dataset includes both numeric attributes such as age, average glucose level, and BMI, and nominal attributes such as gender, work type, smoking status, and residence type. The target variable is stroke, a binary attribute indicating whether a patient experienced a stroke (1) or not (0).

Age histogram:
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Exploration of the dataset revealed several important characteristics. The age attribute ranges from 0.08 to 82 years, with a mean of 43.2 years and a standard deviation of 22.6, indicating a wide spread across age groups. Average glucose level ranges from 55.12 to 271.74, with a mean of 106.15, showing a right-skewed distribution where most patients have normal glucose levels but a notable proportion show elevated readings associated with diabetes risk. BMI ranges from 10.3 to 97.6 with a mean of 28.9, following an approximately normal distribution centred in the overweight range.








avg_glucose_level histogram:
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BMI histogram:
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Regarding missing values, the BMI column originally contained 201 missing values recorded as "N/A" in the raw CSV file. These were removed prior to loading into WEKA, where the ReplaceMissingValues filter was subsequently applied to substitute missing entries with the column mean. The smoking_status attribute contains 1,544 records labelled "Unknown", representing a significant data quality limitation.
Smoking_status:
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The target variable stroke is highly imbalanced, with 4,861 patients (95.1%) having no stroke and only 249 patients (4.9%) having experienced a stroke. This class imbalance is a critical consideration for subsequent modelling.
Stroke:
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Hypertension:
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Visualize All (scatter plot matrix):
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Visualizations with Tableau:
Stroke by Age:
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Average Glucose Level by Stroke Outcome:
[image: ]
[bookmark: _Toc227866044][bookmark: _Toc227866134]1.3: Data Pre-processing and Post-processing
Before running any analysis, the dataset needed cleaning and preparation to make it ready for WEKA. In healthcare data mining, this step is critical — health data tends to be inherently complex, and preprocessing is essential to convert raw data into a meaningful format suitable for analysis [5] (A. Arjun, Adithi Srinath, B. R. Chandavarkar, 2021). A key preparatory step was converting the stroke attribute from Numeric to Nominal, as classification algorithms such as J48 require the target variable to be treated as a category rather than a continuous number. This was achieved using the NumericToNominal filter in WEKA, applied only to attribute 11 (stroke), producing two categorical labels: 0 (no stroke) and 1 (stroke). Without this conversion, WEKA would not permit the classifier to run. The steps taken are described below.
Removing Irrelevant Attributes and Feature Selection: The first step was removing the id column, it's just a patient number and has no predictive value. Keeping it could mislead the models into finding false patterns. All other 10 attributes were retained for the initial analysis, since factors like age, glucose level, BMI, hypertension and heart disease are all well-established stroke risk factors supported by clinical research. Residence type, marital status and work type were also kept, as lifestyle and socioeconomic factors have been increasingly linked to cardiovascular risk in recent literature. After running the models, the decision tree and random forest outputs helped identify which attributes contributed most significantly to predictions, providing a data-driven basis for any future feature reduction.
Handling Missing Values: The BMI column had 201 missing values, originally stored as "N/A" in the CSV file. These were cleared out in Excel before loading the data into WEKA. From there, in WEKA “ReplaceMissingValues” filter was applied to fill in the blanks using the column mean. This approach was chosen over row deletion for two reasons first, removing 201 rows would reduce the already small number of stroke cases in the dataset; second, mean imputation preserves the overall statistical distribution of the attribute without introducing significant bias. While more advanced imputation methods exist, mean substitution is widely accepted as a practical and reliable approach for datasets of this size and nature.
Encoding Categorical Variables: Several attributes:  gender, work type, smoking status, marital status and residence type, are categorical. WEKA handles these automatically, so no manual conversion was needed. Behind the scenes, some algorithms will convert these into numeric form during processing.
Balancing the Dataset: Class imbalance was the most critical issue identified during preprocessing. Only 249 out of 5,110 patients (4.9%) actually had a stroke, making the dataset heavily imbalanced. Class imbalance is a well-documented problem in medical datasets, where rare conditions like stroke naturally represent a small proportion of the population. Without addressing this, a model could simply predict "no stroke" for every patient and still appear 95% accurate  which is completely misleading in practice. To tackle this, cost-sensitive classification was applied in WEKA, assigning higher misclassification penalties to missed stroke cases, encouraging the model to prioritise correctly identifying the minority class. Unknown Smoking Status: Around 1,544 patients had their smoking status recorded as "Unknown" about 30% of the dataset. Since there was no reliable way to fill this in, these records were kept as their own category. Removing them would have meant losing too much data.
Post-processing: Once the models were run, results were evaluated using WEKA  built in metrics. Accuracy measures the overall percentage of correct predictions, but given the class imbalance, this alone is misleading. Precision measures how many predicted stroke cases were actually strokes, while recall measures how many actual stroke cases were correctly identified. F-measure balances both precision and recall into a single score. Finally, AUC (Area Under the ROC Curve) measures the model's overall ability to distinguish between stroke and non-stroke patients regardless of threshold. In a healthcare setting, recall and AUC were prioritised, since missing a real stroke case carries far greater risk than a false alarm.
[bookmark: _Toc227866045][bookmark: _Toc227866135]1.4: Sample Runs and Analysis Methods.
To analyse stroke risk within the dataset, three algorithms were selected and executed in WEKA: J48 Decision Tree, Random Forest, and K-Means Clustering. Prior to running the classification algorithms, the dataset was balanced using “SpreadSubsample” to address a significant class imbalance, approximately 95% of instances were non-stroke cases, which would otherwise cause classifiers to trivially predict the majority class. All classification models were evaluated using 10-fold stratified cross-validation to ensure reliable and generalisable performance estimates.









J48:
Initial setup (Numerical) stroke:
[image: ]
Updated setup changed Nominal stroke:
[image: ]

The first Run Sample shows (unbalanced) → trivial tree, 95% accuracy but Kappa=0, missed all stroke cases: 
[image: ]

The second Successfully Run Sample (after SpreadSubsample) shows: meaningful tree, 77.7% accuracy, Kappa=0.55:
[image: ]


Random Forest:
[image: ]

Random Forest was applied to the balanced dataset using 100 decision trees and 10-fold cross-validation. The ensemble method achieved an accuracy of 75.30% and a Kappa statistic of 0.506, indicating moderate agreement beyond chance. Notably, Random Forest produced the highest ROC Area of 0.800 across both classifiers, demonstrating superior ability to distinguish between stroke and non-stroke cases overall. However, its stroke recall of 0.815 was slightly lower than J48's 0.863, meaning it missed more actual stroke cases. The confusion matrix showed 172 true negatives and 203 true positives, with 46 stroke cases incorrectly classified as non-stroke.









K-Means Clustering:
[image: ]
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K-Means Clustering was applied to the balanced dataset using Euclidean distance, with the number of clusters set to two to reflect the binary stroke outcome. Unlike the classification algorithms, K-Means is unsupervised, meaning it identifies natural groupings without using the class label during training. The classes-to-clusters evaluation revealed 45.78% incorrectly clustered instances, indicating that stroke risk does not separate into perfectly distinct natural clusters based on these attributes alone. However, the cluster centroids revealed clinically meaningful differences: Cluster 1 (mapped to stroke) showed a higher mean age (58.8 vs 54.0), notably higher hypertension prevalence (0.339 vs 0.095), more heart disease (0.268 vs 0.041), and elevated average glucose levels (128.8 vs 112.8). This suggests that while K-Means cannot reliably classify stroke risk alone, it successfully identifies a higher-risk demographic profile characterised by older age, cardiovascular comorbidities, and elevated glucose.

Evaluation  Metrics:  Comparison of Results
The table below summarises the performance of both classification algorithms across key evaluation metrics:

	Metric
	J48 Decision Tree
	Random Forest

	Accuracy 
	77,71%
	75,30%

	Kappa
	0,554
	0,506

	Precision 
	0,786
	0,757

	Recall
	0,777
	0,753

	F-Measure
	0,775
	0,752

	ROC Area
	0,738
	0,800

	Stroke Recall
	0,863
	0,815



K-Means Clustering is not included in the comparison table as it is an unsupervised algorithm and does not produce classification metrics such as accuracy, precision or recall. Instead, its performance is measured by the percentage of incorrectly clustered instances (45.78%) and the characteristics of the resulting cluster centroids, which are discussed in the K-Means section above.
The metrics selected for comparison represent the most relevant indicators for a healthcare classification task. Accuracy alone is insufficient for imbalanced datasets — as demonstrated by the initial J48 run which achieved 95% accuracy yet failed to detect a single stroke case. The Kappa statistic was therefore included as it measures agreement beyond chance, providing a more honest indicator of true model performance. Precision and Recall were selected because in healthcare, missing an actual stroke case carries far greater risk than a false alarm. F-Measure combines both into a single balanced score. ROC Area was prioritised as the primary discriminative metric, widely recommended for medical diagnosis tasks as it evaluates performance across all classification thresholds [6].
Algorithm Justification:
Three algorithms were selected to provide both supervised classification and unsupervised pattern discovery. J48 Decision Tree was chosen for its interpretability, it produces a visual tree structure that clearly shows which attributes drive stroke risk, making it particularly suitable for healthcare contexts where decisions must be explainable to clinicians [7] .Random Forest was selected as an ensemble method that builds multiple decision trees and aggregates their predictions, generally producing more robust results than a single tree and reducing the risk of overfitting [8] 
K-Means Clustering was included to complement the supervised approaches by identifying natural groupings within the data without using class labels, enabling the discovery of demographic and clinical patterns associated with stroke risk that may not be captured by classification alone.
[bookmark: _Toc227866046][bookmark: _Toc227866136]1.5: Business Recommendations:
The findings from this analysis provide several actionable insights for healthcare providers and public health organizations seeking to reduce stroke incidences through early intervention.
First, Age and Glucose level emerging as the strongest differentiators between stroke and non-stroke patients as confirmed by both, the decision tree splits and K-Means cluster centroids. Healthcare providers should therefore prioritise regular neurological screening for patients aged over 55 with elevated glucose levels, particularly those also presenting with hypertension or heart disease.
Second, the J48 model achieved a stroke recall of 86,3%, meaning it correctly identified the majority of at-risk patients. “Deploying a similar classification model within electronic health records systems could enable automated flagging of high-risk individuals, allowing clinicians to intervene earlier with lifestyle care or pharmacological interventions.” [9]
Third, the significant class imbalance in the dataset (95.1% non-stroke cases) reflects the real world rarity of stroke events. Public health organisations should invest in larger, more balanced datasets to improve future model performance, and consider targeted data collection campaigns focused on stroke survivors and high risk demographics.
Finally, the clustering analysis identified a high risk-profile characterised by older males in rural areas with cardiovascular comorbidities and elevated BMI. Community health programmes should target this demographic with preventive education, blood pressure monitoring, and dietary guidance.
Furthermore, collaboration between data scientists and clinical professionals would be essential before deploying any predictive model in a real healthcare setting. The models developed in this analysis should be validated on independent datasets from different populations and healthcare systems to ensure generalisability. “Ethical considerations, including patient data privacy and algorithmic transparency, must also be addressed before any clinical implementation.”[10]

[bookmark: _Toc227866047][bookmark: _Toc227866137]1.6: Reflective Commentary:
This project provide valuable and demonstrable practical knowledge in applying data mining techniques to the real-world healthcare dataset, and highlighted both, the opportunities and challenges involved in predictive analytics for clinical decision support.
The models performed moderately well overall. J48 achieved 77.71% accuracy with a stroke recall of 86.3% following dataset balancing, which is encouraging for a first attempt.
However, the initial run on the unbalanced dataset was an important lesson in how class imbalance can completely undermine model performance without appropriate preprocessing. This was perhaps the most valuable practical insight gained during the analysis.
A key strength of the approach was the combination of supervised and unsupervised method. Using K-Means alongside J48 and Random Forest provided a richer picture of the data, revealing demographic patterns that classicisation alone would not have surfaced. The use of multiple evaluation metrics (particularly Kappa and ROC Area rather than accuracy alone) also ensured a more honest and clinically meaningful assessment of performance.
 The main limitation was the dataset itself. The significant class imbalance and the large proportion of unknown smoking status values reduced the quality of available training data. Given more time, SMOTE oversampling could have been explored as an alternative to SpreadSubsample, potentially preserving more data while achieving better balance.
If repeating this analysis, logistic regression would be added as a third classifier to provide a statistical boost for comparison, and feature importance analysis would be conducted more systematically to identify the most predictive attributes.
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=== Summary ===

Correctly Classified Instances 375 75.3012 %

Incorrectly Classified Instances 123 24.6988 %

Kappa statistic 0.506

Mean absolute error 0.3383

Root mean squared error 0.4202

Relative absolute error 67.6562 %

Root relative squared error 84.0452 3%

Total Number of Instances 498

=== Detailed Accuracy By Class ===
TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area
0.691 0.185 0.789 0.691 0.737 0.510 0.800 0.826
0.815 0.309 0.725 0.815 0.767 0.510 0.800 0.737

Weighted Avg. 0.753 0.247 0.757 0.753 0.752 0.510 0.800 0.782

=== Confusion Matrix ===

a b <-- classified as
172 77 | a=20
46 203 | b=1
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17:30:33 - SimpleKMeans

1 Clusterer
Choose  SimpleKMeans -init 0 -max-candidates 100 -periodic-pruning 10000 -min-density 2.0 -t1 -1.25 -t2 -1.0 -N 2 -A "weka.core.EuclideanDistance -R first-last" -I 500 -num-slots 1 -S 10
[~ Cluster mode [~ Clusterer output

Within cluster sum of squared errors: 1039.393030192871
Initial starting points (random):

Cluster 0: Female,60,0,0,No,Govtﬁjob,Rural,266.59,25.5,'never smoked'
Cluster 1: Male,82,0,1,Yes,Govtﬁjob,Rural,103.68,25,'never smoked'

Missing values globally replaced with mean/mode

Final cluster centroids:

Cluster#
Attribute Full Data 0 1
(498.0) (315.0) (183.0)

gender Female Female Male
age 55.7734 54.0152 58.7998
hypertension 0.1847 0.0952 0.3388
heart_disease 0.1245 0.0413 0.2678
ever married Yes Yes Yes
work_type Private Private Private
Residence_type Urban Urban Rural
avg_glucose level 118.7001 112.8328 128.7996
bmi 29.867 29.7745 30.026

smoking status never smoked never smoked never smoked

Time taken to build model (full training data) : 0.02 seconds

Model and evaluation on training set
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17:30:33 - SimpleKMeans

1 Clusterer
Choose  SimpleKMeans -init 0 -max-candidates 100 -periodic-pruning 10000 -min-density 2.0 -t1 -1.25 -t2 -1.0 -N 2 -A "weka.core.EuclideanDistance -R first-last" -I 500 -num-slots 1 -S 10
[~ Cluster mode [~ Clusterer output

ever married Yes
work_type Private
Residence_type Urban
avg_glucose level 118.7001

bmi 29.867
smoking status

Clustered Instances
0 315 ( 63%)

1 183 ( 37%)

Class attribute: stroke
Classes to Clusters:

0 1 <-- assigned to cluster
168 81 | 0O
147 102 | 1

Cluster 0 <-- 0
Cluster 1 <-- 1

Incorrectly clustered instances :

Yes Yes
Private Private
Urban Rural
112.8328 128.7996
29.7745 30.026

never smoked never smoked never smoked

Time taken to build model (full training data) : 0.02 seconds

=== Model and evaluation on training set ===
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Relation: healthcare-dataset-stroke-data-weka.filters.unsupervised.attribute.Replace... Attributes: 11 Name: age Type: Numeric
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heart_disease
ever_married
work_type
Residence_type
avg_glucose_level Class: stroke (Num) Vv | Visualize All
bmi
smoking_status 403
stroke 366 365 373
348
293 302 301 296
271 271
255
239 231
217 201 205
173
Remove
r T 1
0.08 41.04 82
Status
oK Log w x0
9°C @ a ~ ~ 21:17
A~ 2
3 Clear Q search abk u @3 o R & 5 N DY o000




