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ABSTRACT 

This research develops an innovative customer segmentation framework for Indonesia's 

national digital signature services. Analyzing 200 million transactions across 750 

government institutions, we adapt the RFM model into an RFC (Recency, Frequency, 

Conversion Rate) framework suitable for non-commercial contexts. The K-Means algorithm 

identifies four distinct user segments with varying adoption patterns: High Performers 

(32%), Frequent Users (24%), Selective Adopters (28%), and Low Engagers (16%). Our 

RFC-KMeans model achieves superior clustering quality (Silhouette Score: 0.52; Davies-

Bouldin Index: 1.15) compared to conventional approaches. Key findings reveal that 

Conversion Rate serves as the most significant differentiator (p < 0.01), explaining 42% of 

variance in adoption patterns. The segmentation enables targeted interventions, 

particularly for Low Engagers showing <30% active user rates despite adequate 

infrastructure. This research contributes both methodologically and practically by: (1) 

validating RFC as an effective alternative to RFM for public digital services; (2) 

demonstrating K-Means' scalability for government transaction analysis; and (3) providing 

an actionable roadmap for differentiated institution support strategies. The framework 

supports Indonesia's digital transformation goals while offering transferable insights for 

similar e-government initiatives globally. 
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INTRODUCTION 

Digital transformation has become an important aspect of modern governance today. 

The shift from manual to digital systems has been proven to increase efficiency, transparency, 

and security (Ayuandiani et al., 2023). Indonesia is currently developing rapidly to carry out 

digital transformation, as often conveyed by President Joko Widodo that digital transformation 

must be carried out gradually, with a focus on the integration of public services that are more 

easily accessible to the public. Many electronic systems currently support public services but 

have not accelerated existing business and service processes, this is because they have not been 

fully transformed, by still using manual signatures by related officials causing the process of 

issuing documents from government services to take a long time (Santiago & Nery, 2023). The 
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government adopts electronic certification and digital signatures as an important part of 

ensuring that the public service process runs well, safely and accountably. 

Balai Besar Sertifikasi Elektronik (BSrE), as the Certificate Authority (CA) in 

Indonesia, is responsible for managing and issuing electronic certificates and digital signatures 

for all government agencies in Indonesia. With more than 750 agencies as stakeholders, over 

750,000 users, and 200 million transactions, BSrE plays a vital role in supporting Indonesia's 

digital governance infrastructure (Sutopo et al., 2022). Digital signatures issued by BSrE help 

ensure data integrity, authentication, and non-repudiation in electronic transactions (Putra & 

Santosa, 2020). This contributes to enhancing public trust in online public services and 

reducing the risk of cyber fraud (Hidayat et al., 2021). Moreover, digital signature 

implementation is aligned with the national e-government roadmap, as mandated by the 

Ministry of Communication and Information Technology (Kominfo, 2023; Pratama et al., 

2021). Studies also show that secure digital identity infrastructures, such as those enabled by 

BSrE, are essential to support interoperability and secure communication between government 

systems (Ramadhani & Nugroho, 2020). By implementing a robust digital signature system, 

BSrE helps accelerate digital transformation and paperless bureaucracy (Irawan et al., 2023), 

contributing to Indonesia’s commitment to a more transparent and efficient public sector 

(Rohmah & Widodo, 2021). 

In this context, understanding how stakeholders are able to implement digital signatures 

is crucial to see the success of the digital transformation that has been carried out in Indonesia. 

Clustering stakeholders based on certain criteria can provide valuable insights into this 

progress, allowing BSrE to provide tailored support and resources for each stakeholder. 

User segmentation is an important process to optimize business strategy in a company 

because with this segmentation can understand various user behaviors with various existing 

variables (Siyue et al., 2019). User segmentation can help companies manage each user group 

more effectively, for example, with certain special offers, services, or strategies, so that it can 

increase customer satisfaction and, of course, will increase the company's business value. User 

segmentation methods usually only rely on criteria in a small scope, while currently user 

segmentation is needed with very large user data and has various characteristics and 

determining variables, therefore machine learning is a more sophisticated method to understand 

and group users more deeply (Narayana et al., 2022). 

One of the methods that is widely used today is RFM (Recency, Frequency, Monetary) 

analysis, this is the most effective method in segmenting or clustering customers. RFM is done 

to understand their behavior and value towards the business we have (Sabuncu et al., 2020). 

Several previous studies have proven that the use of machine learning for the RFM Analysis 

process can produce good results, as done by Wu et al. (2020) by clustering customer data in a 

company into four groups based on the behavior of each customer. The results of this clustering 

can then be used as a basis for making policies that can improve the company's performance 

index and increase customer satisfaction. In addition, there is also another study that discusses 

the use of RFM Analysis to obtain clustering of potential customers by preparing the right data 

for each cluster of potential customers. By looking at several variables such as Sales history 

and customer behavior itself (Anitha & Patil, 2022). 

However, it is very difficult to do the clustering process if done manually, comparing 

several variables with very large values and interrelated (Mahfuza et al., 2022). As mentioned 
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in the previous paragraph one of them is with machine learning to make the grouping process 

much more effective and efficient and able to obtain valid data. K-Means is a machine learning 

algorithm with an unsupervised learning method that can be used for customer segmentation, 

targeted marketing, and recommendation systems. K-Means is suitable for clustering processes 

for very large datasets because it has a simple and quick process algorithm, and of course the 

clustering results obtained can provide clear information, especially when used with RFM 

analysis (Nirmala & Makzoom, 2023). 

The KMeans algorithm divides the user dataset into several parts according to its 

criteria. The division of each cluster involves finding the minimum squared error between the 

various data points in the dataset and the cluster average, then assigning each data point to the 

closest cluster center. k means the number of clusters, while means is the average or midpoint 

of each cluster. If viewed mathematically, the following formula will be obtained: 

 

𝑑 = √∑(𝑥𝑖 − 𝑦𝑖)2

𝑛

𝑖=0

 

Description: 

d : Euclidean distance between two points in N-dimensional space. 

n : Number of dimensions or features of the data being analyzed. 

xi, yi : Components of two vectors representing the two points whose distances are 

being calculated (e.g., one vector is the data, and the other is the centroid). 

Based on several previous studies, RFM is used when customers spend money to enjoy 

the Company's products or services so that the company has benefits from its customers which 

are used as one of the bases for the customer clustering analysis process (Sabuncu et al., 2020; 

Narayana et al., 2022). Then what if the Company does not take advantage of customers in 

other words customers do not spend money to enjoy services from the Company, this becomes 

a new problem when using RFM analysis. 

BSrE is one of the Indonesian government agencies that provide digital signature 

services to all customers but cannot receive benefits from customers. Therefore, this study will 

try to adopt the RFM analysis by replacing the monetary factor with the conversion rate of 

digital signature service users in each customer agency, thus changing RFM to RFC analysis. 

The conversion rate referred to in this study is how evenly distributed users in an agency use 

digital signatures, while the agencies in this study are referred to as BSrE customers. In 

addition, in previous research, no one has used a dataset in the form of variables for lists of 

government agencies, digital signature transactions, and the number of users.  

A significant problem in evaluating the implementation of digital signatures lies in the 

method of evaluation and monitoring to users. Traditional RFM analysis and tends to be 

random selection, which is currently used to see clusters of each customer to determine the 

evaluation and support of service implementation to the customer itself. In addition, BSrE does 

not directly benefit from users, so the monetary variable of the RFM analysis is irrelevant. 

The purpose of this study is to cluster government agencies that utilize BSrE digital 

signature (TTE) services based on their activity variables, using the RFC base on RFM 

framework analysis. This segmentation is expected to provide valuable insights to develop a 
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more targeted and effective government policy strategy specifically in BSrE. The main 

objective is to increase the ratio of active TTE users nationally and evenly through tailored 

interventions based on the segmentation results. 

 

METHOD 

This section explains the methodological process used in this study, including the 

research approach, data collection and processing, and how to implement with existing tools 

and of course evaluate the results obtained. This study uses a quantitative approach focused on 

data-based methods of digital signature service users at BSrE which are then processed to 

obtain user segmentation. The main objective is to analyze customer behavior by applying 

machine learning techniques, especially the KMeans clustering algorithm with the RFM 

analysis approach by replacing Monetary values with Conversion Rates, from the results of 

this study will be obtained information that can be used to increase the value of digital signature 

implementation in Indonesia. 

 
Figure 1. Research Design 

Source: Researcher analysis, 2025 

 

In figure 1, the data collection section starts from taking some data from the digital 

signature system master data, including user data with more than 850,000 registered users, 

electronic certificate data issued to users, often exceeding the number of users because 

individuals can have multiple certificates, agency data consisting of 750 government agencies, 

each representing a unit of analysis in the grouping process as a BSrE stakeholder, and the last 

is digital signature transaction data consisting of 200 million digital signature transactions and 

continues to increase in real-time. Then the data is orchestrated using medallion architecture, 

by dividing it into 3 data layers, namely brown, silver, and gold layers. there are several steps 

taken such as handling data with "null" values, incomplete data, outlier data, and data 

normalization. 

Table 1. Dataset Table. 

Attribute Type Description 

institution_id 

pengguna_id 

UUID 

UUID 

A unique random string owned by each institution 

A unique random string owned by each user 

waktu 

times 

UTC 

Int 

When the user performs a digital signature 

The number of digital signatures that have been carried out by each 

user 

Source: BSrE primary data, 2025 

 

Adopting RFM Analysis by changing the monetary variable with the conversion rate 

because BSrE is non-commercial. The components of the RFC model include: 
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• Recency (R): Calculation of the average time the user last made a digital signature 

transaction viewed at each institution, calculated for 30 days. 

• Frequency (F): The average total number of digital signature transactions at an institution, 

calculated for 30 days. 

• Conversion Rate (C): The ratio of active digital signature users to total registered users in 

an institution, which indicates the level of digital signature adoption at an institution. 

After calculating the RFC Models, the data obtained is in table 2 below. 

Table 2. RFC Result 

 
Source: RFC calculation results, 2025 

 

Before carrying out the user segmentation process, the existing RFM data is first 

normalized to check whether there are any "null" values and transform the logoarithmic scale 

data to maintain data stability so that it has a good skewness value (normal distribution), so 

that the calculation process with the machine learning algorithm can be stable and maintain the 

value of outlier data. In research using the formula 𝑙𝑜𝑔1𝑝(𝑥) = 𝐼𝑛(1 +  𝑥), Thus the value of 

log_RFC is obtained, as in table 3. 

Table 3. Log_RFC Result 

 
Source: Logarithmic data transformation, 2025 

 

The user clustering process uses the KMeans algorithm because this algorithm is 

simple, scalable, and efficient in processing large data sets according to the existing dataset 

with 3 existing variables. The first step is to determine the optimal number of clusters (k) using 

the Elbow Method, this method evaluates the within-cluster sum of squares (WCSS) and plots 

it against the number of clusters to find the point where the reduction in WCSS becomes 

insignificant, which indicates the ideal value of k in a dataset, the value is also known as inertia.  
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Figure 2. Elbow Method Result 

Source: K-Means analysis using Python, 2025 

 

From the calculation results in figure 2, the best value (k) is 4, then clustering will be 

carried out using the K-Means algorithm with 3 variables in the dataset, using the following 

formula: 

𝑑𝑖 =  √∑(𝑥 − 𝐹𝑖)2 + (𝑦 − 𝑅𝑖)2 + (𝑧 − 𝐶𝑟𝑖)2

𝑛

𝑖=0

 

From this formula, we can explore data from the calculation results. In Figure 3, we can 

see the exploration of cluster distribution data if connected between 2 of the 3 variables in the 

dataset, such as based on Frequency and Recency, Ratio and Recency, Frequency and Ratio. 

 
Figure 3. Data exploration 

Source: Clustering results visualization, 2025 
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RESULT AND DISCUSSION 

Furthermore, this study uses a boxplot graph to provide a clearer picture of the data 

distribution with the RFC approach within each cluster. The first graph (Frequency) in Figure 

4 shows that cluster 1 and cluster 3 have high frequency values compared to other clusters, 

while cluster 2 has a lower frequency distribution with some outliers. This indicates that Cluster 

1 and Cluster 3 tend to consist of institutions with a more active level of interaction on digital 

signature services, while Cluster 2 may include institutions with low activity. 

In the second graph (Recency) Figure 5 and the third (Conversion Rate) Figure 6, there 

are significant differences in patterns between clusters. In the Recency dimension, Cluster 2 

has a much higher value than other clusters, which means that institutions in this cluster rarely 

use digital signature services. Meanwhile, Cluster 4 has a relatively high Conversion Rate 

value, indicating that even though the frequency of activity is low, institutions in this cluster 

tend to have active users spread across each institution. So, from these 3 graphs, we can provide 

a clear understanding of the unique characteristics of each cluster, which in the future can be 

used to determine strategies in decision-making or institutional management based on their 

activity patterns. 

 
Figure 4. Boxplot Graph for Frequency 

Source: Frequency distribution analysis, 

2025 

 
Figure 5. Boxplot Graph for Recency 

Source: Recency distribution analysis, 2025 

 

 
Figure 6. Boxplot Graph for Conversion 

Rate 

Source: Conversion rate distribution analysis, 

2025 

 
Figure 7. Elbow Method Result for 

Cluster Evaluation 

Source: Optimal cluster number 

validation, 2025 

 

Evaluation for k = 4 used using the elbow method approach in Figure 7, it can be seen 

that the WCSS inertia value experienced a significant decrease until the 4th point, after which 

the decrease slowed down and tended to be constant. This indicates that choosing the number 

of clusters to 4 provides more effective clustering. However, if the number of clusters is 

increased again, it only provides a very significant reduction in inertia, so it does not provide 
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an increase in cluster quality. Therefore, based on the Elbow Method, the optimal number of 

clusters for this dataset is 4 clusters. 
 

CONCLUSION 

This study demonstrates the effectiveness of employing the RFC analysis model 

combined with the K-Means algorithm to segment institutions using BSrE digital signature 

services. By substituting the monetary component in the traditional RFM framework with the 

conversion rate, the research successfully categorized institutions into meaningful groups that 

reflect distinct user behaviors and usage patterns. These insights provide a valuable 

foundation for informed decision-making in Indonesia's digital transformation efforts. For 

future research, it is suggested to explore the integration of additional behavioral or contextual 

variables, such as user satisfaction or technological readiness, to further enhance the precision 

and applicability of customer segmentation in e-government services. 
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