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Abstract

Despite the wide use of hierarchical clustering, the selection of an
appropriate linkage method remains a crucial factor that directly affects
clustering performance. In this study, several linkage methods, namely Average,
Centroid, Complete, McQuitty, Median, Single, and Ward, were compared for
clustering multivariate datasets. In this research, the analysis was conducted
using both simulated and real-world datasets. The simulated datasets were m a
generated to represent various data structures. Additionally, a real dataset was i —— i ——
used to examine further whether the results from the simulated data were
consistent with real-world situations. To compare the clustering methods,
severadl evaluation metrics were used, including accuracy, precision, recall, and
F-score. The results show that the Ward method provided the best clustering
performance across all datasets used in the experiments. Similarly, the results
from the real-world dataset also indicated that the Ward method achieved the
best clustering performance. These findings suggest that Ward provides the
most effective and reliable clustering performance for hierarchical clustering in
multivariate datasets. il b ibs o
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Result and Discussion

The results show similar dendrogram patterns across linkage methods. Ward linkage
performs best by clearly separating clusters. In contrast, Single linkage shows a chaining
effect, producing poorly defined clusters. Overall, Ward and Complete linkage provide
more stable and clear results, while Centroid and Median tend to create uneven and less
reliable clusters.
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Introduction
Clustering is an unsupervised machine learning technique used to group

data based on similarity and uncover hidden patterns. Hierarchical clustering is _
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Fig 3. Dendrograms of hierarchical clustering methods
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best across different datasets. Therefore, this study compares seven linkage F-score 0.6837 0.6854 0.8289 0.638 0.7093 0.6854 0.8463
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The graphs show that Ward performs best across both datasets, while Single and
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Linkage Merge two clusters with maximal similarity Median have the Ilowest performance. Complete and Average are moderate,
suggesting Ward is the most reliable method for this clustering task.
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simulated datasets using Accuracy, Precision, Recall, and F-score. Ward performs best
and most consistently, while Complete, Average, and McQuitty are moderate. Centroid
and Median are less reliable, and Single performs worst due to the chaining effect.
Overdall, Ward is the most suitable method while others are better used for comparison
depending on the data.
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In this study, hierarchical cluster analysis was conducted utilizing the
agglomerative technique. The agglomerative approach is a "bottom-up"
clustering process that initially treats each individual data unit as an isolated
cluster. Subsequently, it iteratively merges the most similar or closely related
clusters until a hierarchically structured relationship among the clusters is
ultimately formed
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