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Аннотация. K-Means — кластерлеудің кеңінен қолданылатын әдістерінің 
бірі, алайда оның елеулі шектеуі бар. Әдісті іске қоспас бұрын кластерлердің са-
нын (k) алдын ала белгілеу қажет, ал оның дұрыс таңдалмауы кластерлеу нәтиже-
лерінің сапасының төмендеуіне әкелуі мүмкін. Осы мәселені шешу мақсатында 
мақалада Dual Mean Approach (Қос орташа мән тәсілі) ұсынылады. Дәстүрлі әді-
стерден айырмашылығы, бұл тәсіл k мәнін алдын ала бекітпей, екі көрсеткішті 
— кластер ішіндегі нүктелер арасындағы орташа қашықтықты және әртүрлі кла-
стерлерге жататын нүктелер арасындағы орташа қашықтықты — бірлесіп талдау 
арқылы оңтайлы k мәнін анықтайды. Екі көрсеткішті қатар пайдалану деректер 
құрылымын неғұрлым нақты анықтауға мүмкіндік береді. Әдістің негізгі идея-
сы кластерлердің ішкі жинақылығын және олардың бір-бірінен ажырау дәрежесін 
теңгеруге негізделеді. Бірнеше эталондық деректер жиынтығында жүргізілген экс-
перименттік сынақтар ұсынылған тәсілдің нақты таңбаланған кластерлер санына 
жақын k мәндерін тиімді бағалай алатынын көрсетті. Сонымен қатар, ұсынылған 
әдіс Elbow Method әдісімен салыстырғанда неғұрлым тұрақты нәтижелер береді.

Түйінді сөздер: деректерді интеллектуалды талдау, кластерлердің оңтайлы 
санын анықтау, K-Means кластерлеуі, Dual Mean әдісі.
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Аннотация. K-Means является одним из наиболее распространённых мето-
дов кластеризации, однако он имеет существенное ограничение. Перед запуском 
алгоритма необходимо заранее задать количество кластеров (k), и неправильный 
выбор данного значения может привести к низкому качеству результатов. Для ре-
шения этой проблемы в статье предлагается метод двойного среднего значения 
(Dual Mean Approach). В отличие от стандартных методов, данный подход не фик-
сирует значение k заранее, а определяет его оптимальное значение посредством 
совместного рассмотрения двух показателей: среднего расстояния между точками 
внутри кластера и среднего расстояния между точками, принадлежащими различ-
ным кластерам. Одновременное использование этих показателей позволяет более 
точно выявить структуру данных. Основная идея метода заключается в обеспе-
чении баланса между компактностью кластеров и их разделимостью. Результаты 
тестирования на нескольких эталонных наборах данных показали, что предложен-
ный подход позволяет оценивать значения k, близкие к фактическому количеству 
кластеров. Кроме того, по сравнению с методом локтя (Elbow Method) он обеспе-
чивает более стабильные результаты.

Ключевые слова: интеллектуальный анализ данных, определение опти-
мального количества кластеров, кластеризация K-Means, метод двойного среднего 
значения
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 Introduction.
Cluster analysis is crucial in anomaly detection, where it helps identify outliers or 

unusual patterns in data, such as fraudulent transactions in finance or faults in industrial 
systems. Clustering is not an easy endeavor, as it depends on several factors such as the 
choice of the features to be considered as well as on the type of method to be adopted 
(Tokuda et al., 2022). In the context of the accelerating digitalization of economic 
processes, the integration of statistical analysis into the operational activities of enterprises 
is becoming critical for maintaining their competitiveness (Lyazat Naizabayeva et al., 
2024). In natural language processing, clustering may group similar documents or detect 
the topics within large corpora of text. In healthcare, it helps in patient segmentation to 
make personalized treatment based on their common characteristics. Besides, clustering 
techniques in recommendation systems have been widely used so that users with similar 
preferences will be grouped together, and hence, the presentation of more relevant 
content can be enabled. Therefore, clustering is adaptable and plays an important role in 
extracting structure from unlabelled data. Among various types of clustering algorithms, 
K-Means is one of the most widely used and effective ones. It basically divides data 
into a given number of clusters regarding similarity. The most frequently used method 
of measuring similarities is by the Euclidean distance. So, the sum of the squared errors 
for each cluster is minimized when a good solution is reached. K-Means is preferred 
due to its simplicity, efficiency, and easy implementation. However, it suffers from some 
drawbacks-sensitivity to the initial placing of centroids, and the user should specify the 
value of k in advance. A number of modifications and adaptations have been made for 
overcoming these challenges with a view to improving clustering accuracy.

Materials and methods.
Related work
To deal with these limits, researchers in different fields have suggested improved 

algorithms. Their goal is to make clustering more accurate, less sensitive to starting 
conditions, and more stable across different datasets. Clustering is an important part of 
data mining because it helps to find patterns and improve decisions. Study (Mahnoor 
Chaudhry et al., 2023) reviews work on algorithm improvements, evaluation metrics, 
and optimization strategies to guide researchers and improve clustering results. Research 
(Wang et al., 2021) introduces extreme clustering, which builds on peak clustering. It 
can detect low-density clusters better and reduce false noise, showing strong results 
across datasets and real-world use. The work in (Conceição et al., 2023) combines SHAP 
values with XGBoost to create interpretable clusters based on feature importance. On 
a malware dataset, it finds hidden groups that normal clustering misses and improves 
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explainability through supervised learning. Study (Erich Schubert et al., 2021) speeds up 
the PAM clustering algorithm by making its SWAP phase up to 1191 times faster while 
keeping the same clustering quality. This makes PAM more useful for large datasets 
and many clusters, and also improves related methods like CLARA and CLARANS. 
Work (Liu et al., 2021) proposes a density and separation metric, similar to the dual 
mean approach, that estimates the best number of clusters without needing a preset k. 
This improves accuracy by balancing compactness and separation. Publication (Kim 
et al., 2022) suggests a new validity index that also balances intra-cluster compactness 
with inter-cluster separation, improving the reliability of finding the right number of 
clusters on different datasets. Analysis (de Oliveira et al., 2020) improves the Elbow 
method with silhouette analysis, allowing automatic selection of the cluster number by 
balancing cohesion and separation for better accuracy. Publication (Ghosh et al., 2023) 
introduces a hybrid approach that uses both density and distance metrics to find the 
optimal cluster count, improving accuracy and adaptability across data types. Finally, 
analysis (Zhang et al., 2021) presents an automatic k detection method based on the ratio 
of average intra-cluster to average inter-cluster distance, which is closely related to the 
Dual Mean approach.

Methodology for optimal K determination
This study presents an improved method for determining the optimal number 

of clusters (K) in the K-Means clustering algorithm. To validate the effectiveness of 
the proposed approach, we compared the results with those obtained using the widely 
adopted Elbow Method on the same datasets. The optimal K values identified by both 
methods were found to be consistent, demonstrating that the improved method reliably 
determines the appropriate number of clusters. This validation confirms the method 
accuracy and practical applicability in enhancing K-Means clustering performance.

Determining the optimal number of clusters k: Average distance within the i-th 
cluster

                                                           (1)

Cluster-interval distance

                                                                     (2)

Let Direpresent the i-th cluster, ni be the number of samples in the i-th luster, and  
k represents the total number of clusters.  is the centroid of the i-th cluster, and M is 



333

INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Іs. 1 (25). INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Іs. 1 (25).

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License

the centroid of all the data, the ratio of Eᵢ to E0,  is calculated, where:
•	 Eᵢ represents the intra-cluster error (sum of distances between data points and 

their cluster centroid);
•	  is the total error from the overall data centroid.
When  reaches a local minimum (i.e., decreases the fastest), the optimal 

number of clusters is determined. However,  in practice,  is sometimes not monotonic 
and may fluctuate. To handle this issue, the two formulas are improved separately. First, 
the average intra-cluster distance  is calculated. This is defined as the average of the 
sum of distances between the data points in each cluster and the corresponding cluster 
centroid. The formula is:

                                                                   (3)

Where n is the total number of samples. The smaller the value of d, the more 
compact the data within the clusters, indicating better clustering performance.

Next, calculate the average inter-cluster distance . The average inter-cluster 
distance is defined as the average of the distances between the centroids of each cluster. 
The formula for calculating   is as follows:

                    (4)

The larger the inter-cluster distance ., the smaller the similarity between 
clusters, and the better the clustering performance (Kim et al., 2022). Finally, calculate 
the ratio of the intra-cluster average distance to the inter-cluster average distance, and 
name this value the  value. Its expression is as follows:  

                                                                                             (5)

This value can be used as a criterion for evaluating clustering performance. When 
the samples within a cluster are compact and the distances between clusters are large, 
the clustering effect is generally better, and the dd value is smaller. Conversely, if the 
samples within a cluster are scattered or the distance between clusters is too small, the 
clustering result is poor, and the dd value increases. The larger the dd value, the worse 
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the clustering effect. Clearly, when the  value reaches a local minimum, the clustering 
performance is optimal, and the corresponding k is considered the optimal number of 
clusters. This method of determining k is called the Dual Mean Method.

Improved Algorithm Description
To address the subjectivity and instability in determining the number of clusters 

k in the traditional K-Means algorithm, this paper proposes an improved method based 
on the Dual Mean Ratio (dd value) to automatically determine the optimal number of 
clusters. This approach simultaneously considers intra-cluster compactness and inter-
cluster separation, making it more adaptive and accurate. The main steps of the algorithm 
are as follows:

•	 Initialization: Set the initial value of  to 1, and calculate the EE value (sum of 
squared errors  or energy function value) at this point.

•	 Incremental increase of  Increase  by 1 and recalculate the EE value, recording 
each result.

•	 Determine the optimal : As increases, run the traditional K-means algorithm 
for each  value and record the resulting EE values. Choose the  that results 
in a local minimum of the EE value as the optimal number of clusters, and 
finalize the  value.

•	 Select the initial cluster center: Randomly select the first data point from the 
dataset as the  first cluster center.

•	 Repeat the selection: Continue randomly selecting data points from the 
dataset until  initial cluster centers are chosen.

•	 Calculate distances: For each sample point in the dataset, calculate the 
distance to the nearest cluster center, denoted as 

•	 Update cluster centers: Based on the  value for each point, new cluster centers 
are selected. The selection is based on probability, where the probability is 
proportional to In other words, points closer to the current centers are more 
likely to be selected as new cluster centers.

•	 Repeat the update: Continue repeating previous step until all cluster centers 
are selected   and updated.

•	 Run the K-means algorithm: Use4.  the determined optimal  value and the 
updated initial cluster centers to perform clustering using the traditional 
K-means algorithm.

Through the above steps, we can implement an enhanced K-means algorithm 
based on optimized initial cluster centers, improving the efficiency and accuracy of the 
traditional method.

Results and discussion. 
Experimental results and analysis
The experimental environment for this study consists of an Intel CPU, 16 GB of 

RAM, a 500 GB hard drive, Windows 11 operating system, and R software. To evaluate 
the improvements of our proposed method compared to previous methods, we conducted 
a comparison using the Dual Mean method, the EE method from literature (Wang et al., 
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2021), and the commonly used Elbow method.
Description of the Improved Algorithm
The K-means algorithm with optimized initial cluster centers can be described 

as follows Figure 1.

Fig. 1. Flowchart: Description of the Improved Algorithm.

The ELBOW method is a simple yet effective technique (de Oliveira et al., 2020) 
for determining the optimal number of clusters in k-means clustering. It is widely used 
in practical applications, especially when there is no clear prior knowledge. Therefore, 
we use a comparison with the experimental results of the Elbow method to validate the 
effectiveness of the Dual Mean method.

Core idea of the ELBOW method: As the number of clusters kkk increases, 
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the samples are divided more finely, and the cohesion within each cluster gradually 
increases, causing the within-cluster sum of squares (WCSS) to decrease (Ghosh et al., 
2023). When kkk is smaller than the true number of clusters, increasing kkk significantly 
improves cluster cohesion, resulting in a substantial drop in WCSS. When kkk reaches 
the true number of clusters, further increasing kkk yields diminishing returns, causing the 
rate of decrease in WCSS to drop sharply and then gradually flatten. In other words, the 
plot of WCSS versus kkk forms an ELBOW and the point of this ELBOW corresponds 
to the true number of clusters in the data.

Fig. 2. Evaluating Optimal k Using Three Techniques Across Three Datasets.

The three datasets used in this study are all public datasets: swiss, USArrests, iris. 
The Swiss dataset is a classical dataset commonly used for teaching and research in data 
mining and machine learning. It contains several statistical variables about Switzerland, 
including Fertility, Agriculture, Examination, Education, Catholic, Infant Mortality, and 
Region. Its advantage is the small number of variables, which facilitates interpretation 
and visualization.

The USArrests dataset is a classic R dataset containing crime rate data for 48 
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U.S. states and Washington D.C., including four variables: Assault, Murder, UrbanPop, 
and Rape.

The iris dataset is one of the classic datasets in machine learning and statistics, 
containing data for 50 samples of each of three Iris species (setosa, versicolor, and 
virginica), with four features: sepal length, sepal width, petal length, and petal width.

All the above public datasets have simple data structures, contain multiple 
features and types, and are widely used in research, which ensures the authenticity and 
reliability of the results. Therefore, we used these three public datasets for the study. 
Among them, the iris datasets are known to have three classes, while the swiss and 
USArrests datasets do not have a clearly defined class structure.

The experimental results are shown in Figure 2. The optimal kkk for all three 
methods was determined at the point where the y-axis value drops most rapidly. Using 
the EE method, Dual Mean method, and Elbow method, the optimal number of clusters 
for these four datasets was found to be 3.

We also compared the time required to determine kkk by the Dual Mean method 
and the EE method across different datasets. The time difference is calculated using the 
following formula:

                                                                                           (6)

The running time differences of the two methods on the four datasets are shown 
in Figure 3. From Figure 2, it can be seen that the running time difference between DD 
and EE ranges from 5% to 25%, indicating that the Dual Mean method has better time 
performance than the EE method. This demonstrates that the Dual Mean algorithm is 
more efficient.

Fig. 3. Performance time comparison of the Dual Mean and EE approaches.   
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Conclusion.
This work represents an improved approach to finding the value of k in K-means 

clustering and overcomes one of the critical challenges that arise when using traditional 
techniques. In particular, the dual-mean method provides a proper balance between intra-
cluster compactness and inter-cluster separation, hence becoming more powerful for 
finding the real structure of data. Its intuitiveness and simplicity to implement make it 
particularly appealing for users who do not have an extensive background in data science. 
On the other hand, the potential areas of application could include image segmentation, 
social network analysis, and customer segmentation in marketing. Future testing and 
refinement will consider a wide range of datasets, while integration with other clustering 
algorithms will be investigated for further improvements in the accuracy, adaptability, 
and computational efficiency of the proposed method.
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