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1 INTRODUCTION 

1.1 Purpose 

The purpose of this assignment is to apply practical data mining techniques—specifically Clustering—using 

the WEKA (Waikato Environment for Knowledge Analysis) toolset. Unlike classification, which predicts 

predefined labels, clustering explores the data to find natural groupings and hidden structures. Through 

hands-on analysis of two distinct datasets (Health/Medicine and Education), this project aims to: 

● Develop proficiency in unsupervised learning workflows, from dataset acquisition to cluster 

interpretation. 

● Compare different clustering algorithms (e.g., SimpleKMeans, EM) to understand how they group 

data. 

● Evaluate clustering performance using "Classes to Clusters" evaluation to determine how well the 

discovered clusters map to known categories. 

● Demonstrate the utility of WEKA for exploratory data analysis and pattern recognition. 

This report documents the methodology, analysis, and findings for each dataset, serving as a structured 

record of the analytical process and its outcomes. 

1.2 SCOPE 

The scope of this project is defined by the selection of two specific datasets and the use of the WEKA 

software for a Clustering task. 

● Datasets: 

○ HCV Data: A multivariate dataset concerning Hepatitis C diagnosis. 

○ MathE Data: A dataset concerning student performance in higher education mathematics. 

● Tool: All preprocessing and modeling tasks are performed within the WEKA Explorer environment. 

● Process: 

○ Dataset Analysis: Understanding the domain and attributes. 

○ Data Preparation: Handling missing values and converting data to ARFF format. 

○ Model Development: Applying clustering algorithms (SimpleKMeans, EM). 

○ Evaluation: Using the "Classes to Clusters" mode to compare clusters against ground truth 

labels (Accuracy/Error rates). 

Deliverable: The final output is this comprehensive report, which includes dataset descriptions, methodological 

steps, analysis of results supported by WEKA screenshots, and a comparative discussion of findings. 

Out of Scope: 

● Deployment of models in a production environment. 

● Extensive feature engineering beyond basic WEKA filters. 

● Comparative analysis with other data mining tools (e.g., R, Python's scikit-learn). 

● In-depth theoretical derivation of the algorithms used. 

 



2 DATASET ANALYSIS AND PREPARATION 

This section provides a detailed overview of the two datasets selected from the UCI Machine Learning 

Repository for analysis. Each dataset represents a clustering machine learning task. For each dataset, a 

description of the problem domain, a summary of its features, and notes on data preparation for WEKA are 

provided. 

2.1 Dataset 1: Binary Classification – Rice (Cammeo and Osmancik) 

2.1.1 Description 

The HCV (Hepatitis C Virus) dataset contains laboratory values from blood donors and Hepatitis C patients. 

The domain is Health and Medicine. The goal of this analysis is to use clustering to see if patients naturally 

group into their diagnostic categories based on their blood work data alone, without being explicitly told the 

diagnosis. 

The dataset includes values for blood donors and patients in various stages of Hepatitis C (Hepatitis, Fibrosis, 

Cirrhosis). Successfully clustering these patients could indicate that these blood markers are strong indicators 

of disease progression. 

2.1.2 Features 

The dataset contains 615 instances and 12 features. Most features are numerical laboratory values. 

Feature Name Data Type Description 

Category (Target) Nominal Diagnosis (Blood Donor, Suspect, Hepatitis, Fibrosis, Cirrhosis). 

Age Integer Age of the patient. 

Sex Binary Gender (m/f). 

ALB Continuous Albumin Blood Test. 

ALP Continuous Alkaline Phosphatase. 

ALT Continuous Alanine Transaminase. 



AST Continuous Aspartate Transaminase. 

BIL Continuous Bilirubin. 

Key Dataset Facts: 

● Number of Instances: 615 

● Target: Category (5 distinct values). 

● Missing Values: Yes (in ALB, ALP, ALT, CHOL, PROT). 

● Source File: hcvdat0.csv 

2.1.3 WEKA Analysis 

Using chatGPT to convert csv to arff  

 

 



Loading data 

 

Preprocessing 

● Remove ID 

 



● Handle Missing Values by ReplaceMissingValues filter 

Navigate to: filters > unsupervised > attribute > ReplaceMissingValues. 

 

 



● Normalize (Scale Numbers) by Normalize filter 

Navigate to: filters > unsupervised > attribute > Normalize. 

 

 



FilteredClusterer (Classes to clusters evaluation based on category ) 

 

 

 

 

 

 

 

 

 

 

 



2.1.4 results 

Table 1: Clustering Performance Summary 

Metric Value 

Number of Clusters 2 

Time to Build Model 1.64 seconds 

Incorrectly Clustered Instances 287 (46.67%) 

Clustering Accuracy 53.33% 

Cluster 0 Assignment 0=Blood 

Donor 

Cluster 1 Assignment 3=Cirrhosis 

 

 



Table 2: Classes to Clusters Confusion Matrix 

Class Assigned to Cluster 0 Assigned to Cluster 1 Total 

Instances 

0=Blood Donor 318 215 533 

0s=suspect Blood 

Donor 

6 1 7 

1=Hepatitis 20 4 24 

2=Fibrosis 13 8 21 

3=Cirrhosis 20 10 30 

Observations: 

● The model achieved an accuracy of roughly 53%, which indicates that separating patients into 

just two groups (Clusters) is not sufficient to distinguish between the 5 different disease 

stages. 

● Cluster 0 captured the majority of Blood Donors (318 instances), but a significant number of 

donors (215) were also placed in Cluster 1, showing that healthy patients have varied blood 

profiles. 

● Cluster 1 was assigned to Cirrhosis, but it actually contains more Blood Donors (215) than 

Cirrhosis patients (10). This suggests the algorithm struggled to find a distinct pattern for 

Cirrhosis when limited to only 2 clusters. 

 

 

 



2.2 Dataset 2: Multi-class Classification – Car Evaluation 

2.2.1 Description 

The MathE dataset comes from a mathematical platform for higher education. The domain is Education. It 

contains 9,546 answers to questions across various topics (Linear Algebra, Calculus, etc.). 

The goal of this analysis is to cluster student performance records to identify patterns in how students answer 

questions. For example, do students cluster based on their Country, or does the Difficulty Level of the 

question drive the grouping? 

2.2.2 Features 

The dataset contains mixed types (categorical and numerical) with 9,546 instances.. 

Feature 

Name 

Data Type Description Feature Name 

Student 

Country 

Nominal The country of origin of the 

student. 

Student Country 

Question ID Integer Unique ID for the question. Question ID 

Type of 

Answer 

Binary Target: 1 = Correct, 0 = 

Incorrect. 

Type of Answer 

Question 

Level 

Nominal Difficulty (Basic, Advanced). Question Level 

Topic Nominal Main math topic (e.g., 

Differentiation, Linear 

Algebra). 

Topic 

Subtopic Nominal Specific sub-area. Subtopic 



Keywords Nominal Tags associated with the 

question. 

Keywords 

Key Dataset Facts: 

● Instances: 9,546 

● Missing Values: None. 

● Features: Heavily categorical/nominal. 

● Source File: MathE dataset (4).csv 

2.2.3 WEKA Analysis 

Converting to arff using claude 

 

 

 

 



 

Preprocessing: 

● Removing studentID +keywords (because textbased) 

 
 

 

Loading data 

 
 



em(Classes to clusters evaluation based on Topic) 

 

 



 

 



 
 

 

simpleKmeans(Classes to clusters evaluation based on Topic) 

 

 



 
 

 



 
 

 

 

fathestFirst(Classes to clusters evaluation based on Topic) 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2.2.4 Result 
 

 

Table 1: Performance Comparison of Clustering Algorithms 

 

Metric FarthestFirst SimpleKMeans EM (Expectation 

Maximization) 

Number of 

Clusters 

2 (Fixed) 2 (Fixed) 15 (Auto-detected) 

Time to 

Build 

Model 

0.06 seconds 

(in the second 

attempt) 

0.09 seconds 

(in the second 

attempt) 

273.79 seconds 

(in the second 

attempt) 

Incorrectly 

Clustered 

5,028 (52.67%) 5,102 (53.45%) 5,720 (59.92%) 

Clustering 

Accuracy 

47.33% 46.55% 40.08% 

Primary 

Insight 

Separated 

Linear Algebra 

from Complex 

Numbers 

Separated 

Fundamental Math 

from Linear 

Algebra 

Detailed 

breakdown of 

specific topics 

(Statistics, 

Probability, etc.) 



Table 2: Cluster Interpretations (k=2 Models) 

 

Algorithm Cluster 0 

Label 

Cluster 1 

Label 

Observation 

FarthestFirst Linear Algebra Complex 

Numbers 

It picked two very 

distinct topics as 

"anchors" for the 

clusters. 

SimpleKMeans Fundamental 

Mathematics 

Linear 

Algebra 

It grouped the data 

based on the two 

largest topic 

categories. 

 

Table 3: EM Algorithm Detailed Topic Mapping 

Unlike the other models, EM automatically detected 15 clusters. This table shows which clusters 

successfully identified a specific Math Topic. 

Cluster ID Identified Topic (Majority Class) 

Cluster 0 Linear Algebra 



Cluster 1 Probability 

Cluster 2 Complex Numbers 

Cluster 3 Numerical Methods 

Cluster 4 Optimization 

Cluster 6 Statistics 

Cluster 8 Integration 

Cluster 9 Differentiation 

Cluster 11 Graph Theory 

Cluster 12 Analytic Geometry 

Cluster 13 Fundamental Mathematics 

Unassigned Clusters 5, 7, 10, 14 (mostly contained duplicates of Linear 

Algebra) 
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