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Abstract

K-Means clustering is a widely used unsupervised learning technique to identify patterns and
group data based on feature similarities. However, the effectiveness of K-Means significantly
depends on the choice of distance metric. This study conducts a comprehensive simulation
to evaluate and compare the performance of four distance metrics: Euclidean, Cityblock
(Manhattan), Canberra, and Mahalanobis in the context of strategic market segmentation
for private universities. The dataset includes simulated and institutional data incorporating
variables such as account creation, registration, graduation, student performance (social,
science, and scholastic scores), income, and geographic distance. The results indicate that
Euclidean and Cityblock distances yield efficient and interpretable clusters with low compu-
tational costs, whereas the Mahalanobis distance, despite its capacity to model covariance,
introduces computational overhead without proportional improvement in segmentation quality.
Interestingly, Canberra distance produces compact clusters but does not offer significant gain
in separability. From the resulting segmentation, two clusters emerge as high-potential targets
for marketing strategies: Cluster 0 (high-income and distant students) and Cluster 1 (diverse
academic and socioeconomic profiles). The findings highlight the importance of aligning
distance metric selection with specific clustering objectives and offer practical insights for
data-driven strategic enrollment planning in private higher education institutions.
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1. Introduction
Clustering of K-Means is one of the most popular data analysis methods used to group data
based on similarities of characteristics [1], [2], [3]. In this method, the selection of appropriate
distance metrics plays a crucial role in determining effective clustering results. Different distance
metrics such as Euclidean, Manhattan, Canberra, Mahalanobis, and many more have different
characteristics and can significantly affect clustering results [4], [5], [6]. The main problem in
applying K-Means clustering is that the search results often do not show group members that
meet the desired criteria. Several variables can affect the results of the experiment, including the
type of data used, the amount of data, the type of distance measure applied, and the number of
clusters considered most appropriate to simplify the information. An inappropriate choice of
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distance measure can result in the loss of relevant information or misgrouping of data, which
in turn can reduce the effectiveness of marketing strategies developed based on the clustering
results [7].

In the context of private universities, the use of varying distance measures in clustering can
affect the market segmentation of prospective students. For example, the Euclidean distance
measure may be more suitable for normally distributed data [8], while the Mahalanobis distance
measure may provide more accurate results for data with varying variances [9]. The results
of this study show that the use of Mahalanobis metrics is more effective with an increasing
number of iterations [8]. Differences in clustering results can affect the identification of school
groups that should be prioritized in marketing strategies. Euclidean distance performs less well
than Mahalanobis and Canberra in the two tests mentioned in the previous study with average
performance for smaller sample sizes [5], [8]. This affects the clustering results because Euclidean
cannot recognize data with the same criteria. Research on [10] also compared the performance of
Canberra, and the best cluster was found using SSE (Sum Square Error) and Silhouette Index.
In further research, Manhattan distance is often used for facial recognition with a similarity level
of up to 70% [11], and based on the resulting clusters, there are data that should not be in that
cluster.

Despite the widespread application of K-Means clustering in data segmentation, previous
studies have not sufficiently explored how different distance metrics influence clustering results in
the context of higher education marketing [12]. Most existing research focuses on general-purpose
clustering performance or technical domains, leaving a gap in understanding how the choice of
distance metric affects the precision and strategic relevance of market segmentation for private
universities. This study addresses that gap by systematically comparing the clustering outcomes
of various distance metrics—Euclidean, Manhattan, Canberra, and Mahalanobis—using real-
world prospective student data. The novelty of this research lies in its contextual application,
evaluating clustering performance not only through traditional metrics such as SSE and Silhouette
Index but also in terms of its practical implications for marketing decisions in private university
settings. By identifying the most suitable distance metric for segmenting prospective students,
this study contributes new insights that can support the development of more precise, data-driven
marketing strategies to enhance institutional competitiveness in today’s dynamic higher education
landscape [12].

2. Methods
To achieve the research objective—comparing the effectiveness of various distance metrics in
K-Means clustering—this section is organized into clearly defined subsections: the role of distance
metrics in clustering, descriptions of the distance metrics used, and how these metrics are
integrated into the K-Means algorithm for experimental analysis.

In clustering tasks, distance metrics are essential in determining the similarity or dissimilarity
between observations. The selection of an appropriate metric significantly influences the formation
of clusters, as it defines how data points relate to one another. The primary purpose of applying a
distance or similarity function is to discover meaningful groupings based on the intrinsic structure
of the data.

2.1. Role of Distance Metrics in Clustering
In clustering tasks, distance metrics are essential in determining the similarity or dissimilarity
between observations. The selection of an appropriate metric significantly influences the formation
of clusters, as it defines how data points relate to one another. The primary purpose of applying a
distance or similarity function is to discover meaningful groupings based on the intrinsic structure
of the data.
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2.2. Distance Metrics Used in the Study
This study considers four well-known distance metrics, each with distinct characteristics and
sensitivity to data scale, distribution, and feature correlation:

2.2.1. Euclidean Distance
Euclidean Distance measures the straight-line distance between two points in n-dimensional
space. It is suitable for normally distributed, scaled data [13] be shown in Equation 1.

dE(x, y) =

√√√√ n∑
i=1

(xi − yi)2 (1)

where
• dE(x, y): Euclidean distance between points x and y

• xi, yi: The i-th component of vectors x and y

• n: Number of dimensions (features)

2.2.2. Manhattan Distance
Manhattan Distance calculates the absolute differences along each dimension, often used for
non-normally distributed data or grid-based structures [14] can be shown in Equation 2.

dM (x, y) =
n∑

i=1
|xi − yi| (2)

where
• dM (x, y): Manhattan distance between points x and y

• |xi − yi|: Absolute difference of the i-th component
• n: Number of dimensions (features)

2.2.3. Canberra Distance
Canberra Distance emphasizes smaller values by normalizing each dimension, making it sensitive
to small variations and appropriate for sparse data [15] in Equation 3.

dC(x, y) =
n∑

i=1

|xi − yi|
|xi| + |yi|

(3)

where
• dC(x, y): Canberra distance between points x and y

• |xi − yi|: Absolute difference of the i-th component
• |xi| + |yi|: Sum of absolute values of the i-th components of x and y

• n: Number of dimensions (features)

2.2.4. Mahalanobis Distance
Mahalanobis Distance accounts for correlations among variables and is ideal for datasets with
non-uniform variance and correlated features [16] shown in Equation 4.

dMah(x, y) =
√

(x − y)T S−1(x − y) (4)

where
• dMah(x, y): Mahalanobis distance between vectors x and y

• x, y: Data vectors (points)
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• S: Covariance matrix of the dataset
• S−1: Inverse of the covariance matrix
• (x − y)T : Transpose of the difference vector

2.3. K-Means Clustering
K-Means is a popular and widely used clustering algorithm in data analysis [6]. The basic
procedure of the K-Means algorithm [8] is as follows:

1. Initialization: Randomly select k initial centroids, where k is the number of clusters.
2. Assignment Step: Assign each data point to the nearest centroid based on the chosen

distance metric, forming k clusters.
3. Update Step: Recalculate the centroids by computing the mean of all data points in each

cluster.
4. Iteration: Repeat the assignment and update steps until the centroids no longer change

significantly or a predefined number of iterations is reached (convergence).

2.4. Cluster Evaluation
2.4.1. Average Within Cluster Distance (AWCD)
The Average Within-Cluster Distance is a metric used to evaluate the compactness of clusters. It
measures the average distance between all pairs of data points within the same cluster. Although
Euclidean distance is most commonly used, other distance metrics may also be applied depending
on the context. Mathematically, the AWCD for a cluster Ck is defined as shown in Equation 5:

AWCD(Ck) = 1
|Ck|

∑
xi,xj∈Ck

d(xi, xj) (5)

where d(xi, xj) represents the distance between two data points within cluster Ck.

2.4.2. Dunn Index
Cluster evaluation is used to determine the quality of clustering results in the K-Means algorithm
[17–20]. One such evaluation metric is the Dunn Index, which aims to identify well-separated
and compact clusters. A higher Dunn Index indicates more optimal clustering results [21]. The
Dunn Index is defined by Equation 6:

D =
min

1≤i<j≤k
d(Ci, Cj)

max
1≤l≤k

d(Cl)
(6)

where:
• d(Ci, Cj): The inter-cluster distance between clusters i and j.
• d(Cl): The intra-cluster distance within cluster l.

We also adopt a scalable version of this index called the Scalable Dunn Index (S-DI), which
implements a divide-and-conquer approach using the Spark framework to support large-scale
data processing [20].

2.4.3. Silhouette Index
The Silhouette Index is used to evaluate the strength and quality of clusters by measuring how
similar a data point is to its own cluster compared to other clusters [22]. The Silhouette score
ranges from -1 to 1, with higher values indicating better-defined clusters. The general formula
for the Silhouette Coefficient is shown in Equation 7:
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s(i) = b(i) − a(i)
max{a(i), b(i)} (7)

where:
• a(i): The average distance between data point i and all other points in the same cluster.
• b(i): The average distance between data point i and all points in the nearest neighboring

cluster.
• s(i): The Silhouette score for data point i.

The higher the average Silhouette score across all data points, the better the clustering
structure and separation between clusters.

2.5. Integration with K-Means Clustering
The selected distance metrics are integrated into the K-Means algorithm following a consistent
experimental procedure to evaluate their effect on clustering quality. The overall workflow of the
experimental process is illustrated in Figure 1, which outlines the steps from data initialization
to the evaluation and visualization of clustering results.

1. Initialization: Generate or prepare the dataset to be clustered. Initialize required variables
and define the number of iterations (e.g., n = 100) to ensure robustness of results. Determine
the number of clusters k using the Elbow method, which identifies the optimal number of
clusters by locating the point of inflection in the Sum of Squared Errors (SSE) curve.

2. Distance Calculation: For each selected distance metric (Euclidean, Manhattan, Canberra,
and Mahalanobis), calculate the distance between each data point and the current cluster
centroids.

3. K-Means Clustering: Apply the K-Means algorithm with k = 4 clusters using the respective
distance metric. Assign each data point to the nearest centroid based on the calculated
distance and update the centroid positions. Repeat this process until convergence is
achieved.

4. Evaluation Metrics: After clustering, calculate evaluation metrics to assess the performance
of each distance metric:

• AWCD (Average Within-Cluster Distance): Measures compactness of clusters.
• Dunn Index: Assesses the separation and compactness of clusters.
• Execution Time: Measures the computational efficiency of the algorithm for each

metric.
• SSE (Sum of Squared Errors): Evaluates total intra-cluster variance.
• Silhouette Index: Measures how similar an object is to its own cluster compared to

other clusters.

5. Visualization: Present the results of the clustering process using appropriate visual tools
to compare the performance of different distance metrics.
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Fig. 1: Flowchart K-Means Clustering

3. Results and Discussion
The results and discussion in this study compare four different distance measures based on the
Average within Cluster Distance (AWCD) value, Dunn Index, and time execution using simulated
data. The simulated data was created using a 150-row random normal.

x = np.random.normal(loc=np.repeat([1, 2, 3, 4], 4), scale=0.2, size=150)
y = np.random.normal(loc=np.repeat([3, 2, 1, 2], 4), scale=0.2, size=150)

The visualization of the simulation data is shown in Fig. 2.

Fig. 2: Visualize of Data Visualization

3.1. Comparison of Average Within Cluster Distance
The Average Within-Cluster Distance (AWCD) is a critical metric in K-Means clustering that
measures the compactness of clusters by calculating the average distance between each point
within a cluster and the cluster’s centroid. A lower AWCD value indicates more compact clusters,
meaning that the data points within each cluster are closely grouped around the centroid, which
is desirable in most clustering applications. For each distance metric (Euclidean, Manhattan,
Canberra, Mahalanobis), the AWCD will be calculated for each number of clusters k from 2 to
10. According to Fig. 3a., it can be seen that the four distances show the sharpest decrease
(elbow) at k=4, so the number of clusters set on the simulation data is k=4.

Fig. 3b shows a comparison between four different distances with 100 iterations for AWCD
calculation. Based on Average Within Cluster Distance (AWCD), the most effective metric is
Canberra, as it has the lowest and most stable average distance within a cluster compared to
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other metrics. A lower distance indicates that the data within a cluster is more homogeneous,
resulting in better clusters. Mahalanobis (blue) and Cityblock (Manhattan) although used, show
more volatile results and higher distances, making them less effective in maintaining cluster
homogeneity.

(a) (b)
Fig. 3: (a) Result of Average Within Cluster Distance (AWCD); (b) The comparison of AWCD by
Distance

Based on the AWCD values obtained from different distance metrics (Euclidean, Manhattan,
Canberra, Mahalanobis) on Table 1, Canberra Distance consistently produced the lowest AWCD
values across various numbers of iterations. This indicates that using the Canberra Distance
in K-Means clustering results in the most compact clusters, where data points are more tightly
grouped around their centroids compared to other metrics.

Table 1: Average Within Cluster Distance (AWCD) for Different Metrics

Metric AWCD

Canberra 0.0880
Cityblock (Manhattan) 0.3158
Euclidean 0.2482
Mahalanobis 0.3446

3.2. Comparison of Dunn Index
The Dunn Index is used to evaluate the quality of clusters by measuring the ratio of the minimum
inter-cluster distance to the maximum intra-cluster distance. Higher Dunn Index values generally
indicate better clustering, as they suggest well-separated clusters with less variation within each
cluster. Comparison of k=2 - 10, shows the maximum Dunn index is at k=4 for all distances
shown in Fig. 4a. Fig. 4b shows a comparison between four different distances with 100 iterations
for Dunn Index calculation.

Based on Fig. 4b, the Cityblock (Manhattan) distance metric consistently achieves the highest
Dunn Index values, indicating that it produces clusters that are both well-separated and compact.
Euclidean distance also performs relatively well, though slightly less consistently than Cityblock.
The Mahalanobis distance shows significant variability with generally lower Dunn Index values,
suggesting that it may not be as effective for clustering in this context. The Canberra distance
consistently results in the lowest Dunn index values, indicating that it is the least effective for
achieving distinct and compact clusters. Comparison of average dunn index are presented in
Table 2.

Optimum Distance Metric: Based on the Dunn Index in Table 2, Cityblock (Manhattan)
Distance provides the highest Dunn Index. This suggests that Manhattan distance is most
effective at separating clusters and minimizing intra-cluster distance at this number of clusters.
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(a) (b)
Fig. 4: (a) Dunn Index for Different Number of Clusters; (b) Dunn Index over Iterations for Different
Metrics

Table 2: Dunn Index for Different Distance Metrics

Metric Dunn Index

Canberra 1.0291
Cityblock (Manhattan) 2.2907
Euclidean 2.1045
Mahalanobis 1.2828

3.3. Silhouette Index
The graph shows the Silhouette Index over 100 iterations for four different distance metrics:
Mahalanobis, Canberra, Cityblock (Manhattan), and Euclidean. The silhouette index measures
how well separated the clusters are; higher values indicate better-defined clusters.

Fig. 5: Silhoutte Index Over Iterations for Different Metric

Based on Fig. 5, The Silhouette Index analysis reveals that the Cityblock (Manhattan)
distance metric consistently produces the most effective clustering results, followed closely by the
Euclidean metric.

Table 3: Average Iteration of Silhouette Index Results

Metric Silhouette Index

Canberra 0.7126
Cityblock (Manhattan) 0.7539
Euclidean 0.7338
Mahalanobis 0.6654

If a comparison is made through the average Silhoutte value in the Table 3, it shows that the
average value of the Cityblock (Manhattan) distance is higher than the other distances. Overall,
Cityblock emerges as the optimal metric for clustering in this scenario.

Regita Putri Permata 623



Optimizing K-Means Clustering through Distance Metric Simulation for Strategic Enrollment

3.4. Comparison of Execution Time
When evaluating the efficiency of the clustering algorithm, execution time is a critical factor,
especially with large datasets or in real-time processing scenarios. The difference distant metric
used within these algorithm can significantly impact the overall execution time, directly affecting
their practicality and performance. Comparison of execution time shown in Fig. 6.

Fig. 6: Execution Time of Distance Metrics per Iteration

The graphical from Fig. 6 representation of execution times further supports the findings
from the Table 4, the Mahalanobis distance consistently shows higher spikes in execution time
across multiple iterations, reflecting its computational intensity. Meanwhile, the Canberra,
Cityblock (Manhattan), and Euclidean metrics remain relatively stable and efficient throughout
the iterations, with Cityblock (Manhattan) being the most efficient.

Table 4: Average Iteration of Execution Time Results

Metric Execution Time (Second)

Canberra 0.000643
Cityblock (Manhattan) 0.000519
Euclidean 0.000700
Mahalanobis 0.004913

Based on average of Execution time in Table 4, shows that Mahalanobis distance stands out
as the slowest, with an average execution time of 0.004913 seconds. This higher execution time
is likely due to the complex computation involved in calculating the covariance matrix, which is
a key component of the Mahalanobis metric. Overall cityblock (Manhattan) is the distance with
the most efficient execution time. Fig. 7 is a visualization of K-means clustering with Manhattan
distance on simulated data.

Result of the analysis of clustering metrics reveals that the Euclidean and Cityblock distances
provide high clustering quality, with strong Dunn and Silhouette Index scores, and efficient
execution times. The Canberra Distance, while yielding the most compact clusters with the
lowest AWCD values, struggles with separation and cohesion, and the Mahalanobis distance,
despite its ability to handle data correlations, incurs high computational costs. Overall, Cityblock
(Manhattan) and Euclidean metrics offer a practical balance of performance and efficiency, making
them preferable for most clustering tasks.

3.5. Strategic Market Segmentation Private Universities Data
For university segmentation strategy, employed with using K-Means utilizing the Manhattan
distance metric. In this case, K value of 4 was determined for this grouping. This data uses
quantity factors (accounts, registrations, graduates, and PINs), quality factors (social, science,
and scholastic values), and additional components, namely income and distance. Table 5 presents
the calculated centroid for this K-Means analysis.
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Fig. 7: visualization of K-means clustering with Manhattan distance on simulated data.

Table 5: Average Statistics per Cluster

Cluster 0 1 2 3

Income (mean) 1.61 2.04 1.61 2.07
Account 11.79 5.96 34.13 7.37
Distance 286.01 772.90 116.42 466.81
Passed 2.55 0.88 8.55 1.58
PIN 1.15 0.53 5.84 0.77
Register 519.65 514.16 515.84 514.77
Science and Technology 554.88 543.18 543.36 540.67
Scholastic 543.14 543.23 534.83 536.50

The calculated centroids from the K-Means analysis, resulted in the groupings visualized in
Fig. 8. This figure, a boxplot representation, illustrates the distribution of each variable within
the formed clusters.

Cluster 0 has the highest number of accounts and registrations, with a moderate average
income and high variation in PIN values. Cluster 1 shows a higher average income but lower
accounts and registrations compared to Cluster 0. Cluster 2 has the highest median distance
and low accounts and registrations, indicating a geographically dispersed group with less activity.
Cluster 3 has the lowest average income and low PIN values, suggesting a segment that may be
less economically advantaged.

3.6. Discussion
The analysis of clustering performance across Euclidean, Cityblock (Manhattan), Canberra, and
Mahalanobis provides key insights into their effectiveness and efficiency. The Dunn Index and
Silhouette Index both indicate that Euclidean and Cityblock (Manhattan) metrics perform well,
with higher values reflecting better-defined clusters that are both compact and well-separated.
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Fig. 8: Boxplot of the results of Clustering

In contrast, the Mahalanobis distance, despite accounting for data correlations, and Canberra
distance tend to show lower Dunn and Silhouette scores, suggesting challenges in maintaining
cluster separation and cohesion. Specifically, the Canberra Distance consistently produced the
lowest Average Within-Cluster Distance (AWCD) values across various iterations, indicating
that it results in the most compact clusters with data points tightly grouped around their
centroids. However, the Mahalanobis distance incurs significantly higher execution times due
to its complexity, making it less practical for large datasets. In contrast, the Cityblock and
Euclidean metrics not only perform well in clustering quality metrics but also maintain lower
execution times, thus offering a balanced choice for efficiency and effectiveness. Ultimately,
the selection of a distance metric should align with the specific needs of the task, including
considerations for computational efficiency, clustering quality, and data characteristics.

To develop a more effective market segmentation strategy for Private Universities, targeting
Cluster 0 and Cluster 1 offers the most strategic advantages. Cluster 0 consists of highly engaged
prospective students with moderate income and closer proximity to university locations, making
them ideal for campaigns focused on accessibility and affordability. Cluster 1 includes a more
affluent group with a larger distance from the university, suitable for premium programs that
emphasize exclusivity and quality. This cluster also exhibits the most significant variation
in accounts and PINs, indicating a diverse student base that can be tapped through tailored
marketing strategies. By combining the strengths of both clusters, universities can create holistic
segments that appeal to a broad range of potential students, driving both high-volume enrollments
and premium offerings.

4. Conclusion
In summary, the analysis of different distance metrics for clustering, Euclidean, Cityblock
(Manhattan), Canberra, and Mahalanobis, shows that Euclidean and Cityblock metrics are the
most effective, providing well-defined clusters with good separation and low execution times.
Although Canberra distance creates the most compact clusters, it does not improve overall
clustering quality, and Mahalanobis distance, while accounting for data correlations, is less
efficient due to higher computation time.

For Private University market segmentation, Cluster 0 and Cluster 1 are the most promising
targets. Cluster 0, with high-income and distant students, is ideal for premium programs, while
Cluster 1’s diversity offers potential for broader marketing strategies. The choice of distance
metric should consider both clustering quality and computational efficiency, tailored to the
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specific needs of the task.
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