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Abstract: The article explores the application of cluster analysis in improving personalization strategies in marketing and other business 

areas aimed at tailoring offerings to user needs. The objective of the study is to analyze methods by which clustering facilitates accurate 

customer segmentation and the development of individualized interaction strategies. Various clustering algorithms, such as hierarchical 

clustering and the K-means method, were evaluated for grouping customers based on similarities in consumer preferences, behavior, and 

demographic data. The methodological foundation of the article is based on the analysis of scientific literature, enabling an exploration 

of how cluster analysis identifies user preferences and improves prediction accuracy. The integration of this method into existing 

recommendation systems is demonstrated, highlighting its ability to enhance the precision of suggestions. Results indicate that cluster 

analysis improves the customer experience and increases company profitability by enhancing the effectiveness of marketing strategies 

targeted at specific user groups. The material is intended for data analysts, marketers, product managers, developers of personalization 

systems, and those involved in creating and implementing recommendation solutions. In conclusion, the application of cluster analysis 

confirms its effectiveness in optimizing personalized strategies, allowing for audience segmentation and the development of offerings that 

accurately address user interests. 
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1. Introduction 
 

To develop offerings that meet consumer demands, 

companies employ personalization strategies. For these 

strategies to be effective, it is necessary to identify patterns 

within large volumes of user data. Cluster analysis serves as 

a tool to group customers based on the similarity of various 

characteristics, enabling targeted influence on specific market 

segments. 

 

The relevance of this topic lies in the fact that modern data 

processing methods and computational algorithms enhance 

the capabilities of cluster analysis. These technologies allow 

for the precise identification of target groups, improving the 

efficiency of marketing activities and audience engagement. 

At the same time, many companies fail to fully utilize the 

potential of clustering to optimize personalized offerings, 

presenting opportunities for further development in this area. 

 

The practical significance of this study lies in the 

development of recommendations for marketing and analytics 

professionals, as well as for those working on personalized 

systems. The findings will help companies improve targeting 

accuracy, enhance the quality of customer interactions, and 

increase profitability. 

 

The objective of this study is to analyze the methods by which 

clustering facilitates accurate customer segmentation and the 

development of individualized interaction strategies. 

 

2. Materials and Methods 
 

In the fields of marketing, recommendation system 

development, and data analysis using machine learning 

methods, a variety of approaches are observed. For instance, 

in the study by Chandra S. et al. [1], trends and pathways for 

improving personalized marketing in the context of 

digitalization and changing consumer needs are described. 

The study emphasizes the necessity of precise offer 

customization based on user interests and behaviors to 

achieve high performance in marketing campaigns. In the 

article by Gyenge B. et al. [6], the role of strategic marketing 

in e-commerce is examined, focusing on supply chain 

management in highly competitive environments. The 

authors propose a strategic marketing model that incorporates 

elements of a personalized approach for managing customer 

relationships in a digital setting. 

 

Consumer segmentation using machine learning methods and 

cluster analysis is a core aspect of personalization. In the 

study by Li Y. et al. [8], a hybrid particle swarm optimization 

algorithm is applied for customer segmentation across various 

economic sectors. This approach enables the identification of 

groups with similar characteristics, facilitating targeting and 

enhancing marketing strategies. The authors demonstrate how 

clustering methods, such as the K-means algorithm, are 

adapted to improve customer interaction accuracy. In another 

academic work, Bhaskaran S. and Marappan R. [3] propose a 

hybrid recommendation system for digital learning that 

utilizes density-based clustering algorithms to identify user 

groups based on behavior and preferences. 

 

As artificial intelligence becomes an essential component 

across various domains, algorithms are being developed for 

content personalization and user behavior analysis based on 

AI. In the article by Wang X. et al. [4], methods for applying 

AI in educational processes are explored, with proposals for 

cluster analysis and epistemic network analysis to identify 

key points where AI can support learning in different 

contexts. In the study by Ijomah T. I. et al. [5], attention is 

focused on the use of big data for customer relationship 

management and the integration of AI into CRM systems to 

increase user engagement. 
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In scientific works authored by Long G. et al. [2] and Oniani 

S. et al. [7], a multi-platform approach aimed at improving the 

personalization of models in the context of the Internet of 

Things is explored, emphasizing the formation of dynamic 

user clusters based on their data. The importance of adapting 

models to user-specific characteristics is particularly 

highlighted. 

 

The study by Huang Z. et al. [10] examines algorithms such 

as K-means clustering for detecting cases of financial fraud. 

These works underscore the importance of precise data 

analysis for decision-making in the financial sector. The 

research by Nimmagadda V. S. P. [9] focuses on using AI to 

analyze customer behavior in insurance companies, 

proposing new models for predicting user needs based on 

their interactions with the company. 

 

Sources used in the practical section of this study include [11–

14]. Source [11], published on www.latterly.org, describes 

how American Express applies segmentation methods in its 

operations. Source [12], available on the website 

www.wordstream.com, presents Facebook’s experience. 

Source [13], also published on www.latterly.org, contains 

information on Coca-Cola’s practices. The final source [14], 

located on www.restack.io, describes how Booking.com uses 

segmentation in its activities. 

 

It is evident that scientific works reveal both consistent and 

contrasting approaches to the application of clustering and 

personalization methods. Furthermore, the articles pay 

insufficient attention to the ethical issues of AI usage in 

personalization and marketing, as well as the risks associated 

with vulnerabilities in machine learning algorithms and the 

use of user data, necessitating deeper analysis. 

 

The methodological foundation of the article relies on the 

analysis of scientific literature, enabling an exploration of the 

potential of cluster analysis to identify user preferences and 

improve prediction accuracy. 

 

3. Results and Discussions 
 

Cluster analysis represents a set of methods for identifying 

patterns in data by grouping objects with minimal differences 

within groups and maximum differences between them. One 

of its features is the ability to handle various data types, such 

as numerical, categorical, and mixed data, enabling the 

modeling of user behavior [1, 3, 6]. Depending on the task 

and the quality of the data, different approaches are applied, 

as illustrated in Figure 1. 

 
Figure 1: Approaches in cluster data analysis [1, 3, 6]. 

 

Each method shown in Figure 1 is discussed in detail below. 

Hierarchical methods provide an understanding of the data 

structure, enabling the identification of groups and tracking 

their evolution over time. However, they are sensitive to 

outliers and poorly scalable for large datasets. 

 

Centroid-based methods, such as K-means, divide objects 

into a predefined number of clusters. Selecting the number of 

clusters requires preliminary data analysis and the application 

of heuristics, such as the elbow method, which is used to 

determine the optimal number of clusters in the model. 

 

Density-based methods allow for the identification of clusters 

with arbitrary shapes and can handle noisy data (e.g., 

anomalous information, measurement errors, repeated or 

unverifiable data). These methods do not require a predefined 

number of clusters and can detect anomalies, which is 

particularly useful when working with unstructured data. 

 

Hybrid clustering methods, in turn, enable objects to belong 

to multiple clusters with varying degrees of membership. This 

approach is valuable for personalization tasks where user 

needs are not always confined to a single segment. 

 

Personalization, in this context, involves creating offerings 

tailored to users' preferences and needs [2, 4, 8]. Cluster 

analysis not only reveals hidden segments but also facilitates 

predictions based on multiple variables. Figure 2 illustrates 

the tasks addressed in personalization using a cluster-based 

approach. 

 

 
Figure 2: The tasks that are solved in personalization using 

the cluster approach [2, 4, 8]. 
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Traditional segmentation methods, such as demographic 

classification or regression analysis, are limited in their ability 

to identify groups with similar behavioral characteristics. 

Cluster analysis enables the identification of segments that 

may remain undetected using simple methods, which is 

crucial for designing effective advertising campaigns and 

creating personalized offers. 

 

In the process of adapting offerings, clustering allows 

segments to be updated as new data becomes available, 

enabling rapid responses to changes. 

 

When optimizing content and subsequent user interactions, 

cluster analysis is employed to develop recommendation 

systems and content targeting. For example, users with 

similar purchasing preferences can receive not only 

personalized product recommendations but also special 

promotions, thereby increasing conversion rates. 

 

Clustering in the context of forecasting user needs supports 

the development of models that predict not only current 

preferences but also future needs. This capability aids in 

designing long-term retention strategies and increasing 

customer lifetime value. However, despite the advantages of 

the clustering approach, its application is associated with 

several challenges. One significant difficulty is selecting 

metrics for measuring object similarity. Different types of 

data, such as categorical and numerical, require distinct 

distance metrics, which is critical for high-quality cluster 

identification. An incorrect choice of metric can result in 

inaccurate outcomes. 

 

Additionally, clustering often produces abstract user groups 

without clear external characteristics, complicating the 

determination of actions needed to optimize offerings. 

Addressing these challenges may require the use of 

supplementary methods. 

 

As data volumes grow, methods like K-means and 

hierarchical clustering may encounter scalability issues. 

Algorithms that require numerous iterations for optimization 

can slow processing, limiting their applicability [5, 7, 10]. 

 

The process of implementing cluster analysis is illustrated in 

Figure 3, followed by an examination of examples of 

companies utilizing this approach in their operations. 

 

 
Figure 3: The process of implementing cluster analysis [1, 5, 7, 10]. 

 

From Figure 3, it is evident that data preparation for clustering 

is a crucial stage in determining the accuracy of the analysis. 

This process requires careful attention, as it forms the 

foundation for subsequent work with the information, taking 

into account the specific task at hand. 

 

For clustering, multiple types of data are used, including 

demographic information such as age, gender, education 

level, location, and income. User activity data encompasses 

purchase history, frequency of resource visits, and interface 

interactions such as registrations and product views. 

Interactive data, such as time spent on the website, number of 

clicks, and items added to the cart, further reveal user 
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behavior. Notes on preferences, such as frequently purchased 

or viewed items, preferred brands, or product types, allow for 

analyzing consumer needs. 

 

Data preprocessing involves several sequential steps, starting 

with data cleaning, where errors and omissions are addressed. 

The next step is data transformation, which may include 

standardizing numerical values and applying one-hot 

encoding for categorical features. 

 

After clustering, the results are evaluated. One evaluation 

method is the silhouette coefficient, which indicates the 

degree of similarity between objects within a cluster and 

differences between clusters. Another method is the Calinski-

Harabasz index, which measures intra-cluster distances and 

distances between clusters [3, 5]. 

 

The results of clustering can then be applied to personalize 

user interactions. For example, in recommendation systems, 

users receive product suggestions popular among others in 

their cluster. This approach helps uncover hidden patterns in 

consumer behavior, improving the accuracy of 

recommendations. User segmentation enables the creation of 

targeted marketing campaigns tailored to the interests of 

specific groups. Additionally, clustering results can be easily 

integrated into other systems, enhancing their effectiveness. 

CRM systems help design more personalized customer 

interaction strategies, while loyalty programs support the 

development of various bonus levels. 

 

Finally, clustering models need regular updates due to the 

evolving nature of user needs [3, 8, 9]. 

 

American Express employs cluster analysis to study clients' 

transactional behavior, enabling the identification of groups 

with similar purchasing preferences, spending levels, and 

transaction frequencies. The company analyzes data on 

purchase frequency, product types, and merchant preferences 

to create "behavioral maps," which enhance targeting 

precision. This approach has resulted in improved customer 

loyalty, greater engagement in loyalty programs, and 

increased profitability [11]. 

 

Google and Facebook use cluster analysis to segment users 

based on interests, demographics, and online behavior. These 

platforms collect user behavior data, such as search queries, 

social media activity, and visited websites, to identify groups 

aligned with specific interests. Behavioral data analysis helps 

target advertisements more effectively, leading to higher 

click-through rates and conversions [12]. 

 

Coca-Cola leverages cluster analysis to identify consumer 

preferences and create personalized offers by analyzing 

purchase data, beverage preferences, and demographic 

characteristics. This enables the company to fine-tune its 

marketing strategies with precision [13]. 

 

Booking.com applies cluster analysis to generate 

personalized recommendations based on user preferences and 

booking history. The platform analyzes what 

accommodations, travel routes, or additional services interest 

clients most, allowing it to provide tailored offers. 

Segmentation helps predict user needs; for instance, 

adventure travelers receive recommendations for mountain 

trips, while beach enthusiasts are shown information about 

resorts with excellent beaches. By analyzing search and 

booking histories, the platform can offer discounts or special 

promotions, resulting in increased conversion rates and an 

enhanced user experience [14]. 

 

Thus, the application of cluster analysis in personalization 

creates opportunities for precise user segmentation and the 

development of effective targeting strategies. However, its 

implementation requires algorithm adjustments, metric 

selection, and continuous monitoring of changes in user 

behavior. 

 

4. Conclusion 
 

The results confirm the relevance of cluster analysis as a tool 

that enhances personalization strategies in business. Based on 

theoretical data and practical examples, it has been 

demonstrated that clustering methods influence client base 

segmentation, improving targeting accuracy and enhancing 

offerings. 

 

This study highlights that employing cluster analysis in 

recommendation systems increases forecasting accuracy and 

supports the adaptation of customer interaction strategies 

amid changes in the external environment. The combination 

of clustering with other data processing methods creates 

opportunities for developing personalized solutions that align 

with business needs. 

 

It is recommended that user data analysis take into account 

behavior, interests, demographic characteristics, and 

interactions with products or services. The application of 

clustering algorithms, such as K-means and hierarchical 

clustering, allows for the identification of groups with similar 

preferences and actions. Cluster analysis reveals patterns in 

audience behavior, facilitating the real-time adaptation of 

personalized approaches. This approach improves user 

experience, enhances loyalty, and boosts conversion rates. 

 

Using cluster analysis for optimizing pricing and shaping 

product offerings enables the segmentation of clients based 

on price sensitivity and preferences, paving the way for the 

implementation of differentiated pricing strategies. 
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