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Abstract. Healthcare services in Indonesia are considered inadequate, particu-
larly in patient management at hospitals, which face significant challenges re-
lated to operational efficiency and service quality. With underlying issues such 
as limited capacity and resources, the variability of patient needs, and difficul-
ties in predicting visit patterns, this research highlights the urgency of optimiz-
ing patient management through an innovative approach. This study aims to de-
velop an effective patient management model by combining the RFM (Recency, 
Frequency, Monetary) method with Fuzzy C-Means. This approach is expected 
to provide a more accurate understanding of patient behavior and needs, ena-
bling more effective resource allocation and improved service quality. The re-
search methodology involves a literature review, data collection and prepro-
cessing, clustering using the Fuzzy C-Means algorithm, cluster validation, pa-
tient characteristic analysis, and report preparation. Transaction and registration 
data from patients at Malahayati Hospital Medan, covering the period from 
January 2023 to March 2024, serve as the basis for the analysis. 
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1 Introduction 

Healthcare services are efforts carried out individually or collectively within an or-
ganization to maintain and improve health, prevent and cure diseases, and restore the 
health of families, individuals, groups, and communities. According to Law No. 36 of 
2009 and Government Regulation No. 47 of 2016 on Health Facilities, it is stated that 
health facilities are places or tools used to provide health services, whether promotive, 
preventive, curative, or rehabilitative, performed by local governments or the com-
munity. The facilities and services in hospitals across cities in Indonesia are still con-
sidered inadequate. Even the government of North Sumatra has not yet identified 
which hospitals in the cities have adequate facilities and healthcare services.  
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In this era of modernization, hospitals face challenges in providing efficient and 
quality services to patients. This is evidenced by more than 2 million Indonesian citi-
zens choosing to seek medical treatment abroad, with IDR 100 trillion being spent 
annually on foreign medical treatment. Based on this, hospitals need to optimize their 
resources and work processes to improve service quality and operational efficiency. 
This is crucial for the hospital's long-term sustainability and patient satisfaction. Ef-
fective patient management is key to achieving operational efficiency and service 
quality, covering various aspects such as patient admissions, scheduling, treatment, 
and discharge. There are several challenges in patient management, such as limited 
capacity and resources, the variability of patient needs, and difficulties in predicting 
visit patterns. To address these issues, methods such as RFM and Fuzzy C-Means are 
needed to create an innovative framework that can solve efficiency and quality prob-
lems in patient management. By more accurately understanding and analyzing patient 
behavior and needs, hospitals can allocate their resources more effectively to improve 
patient satisfaction by enhancing service quality. 

This study aims to develop an effective patient management model using the RFM 
and Fuzzy C-Means methods, to improve service quality and find ways to optimize 
the allocation of hospital resources, as well as to provide an analytical basis for deci-
sion-making by hospital management. Through this research, it is expected to provide 
input to hospitals in considering decision-making for more efficient patient manage-
ment. The RFM method has been used to analyze customer loyalty, determine product 
indices, and analyze customers and service development. Meanwhile, the Fuzzy C-
Means method has been applied for regional clustering and analysis of healthcare 
center distribution to improve health services. In this study, the focus is on the ser-
vices at Malahayati Hospital Medan. The research problem to be investigated includes 
identifying how many patient segments exist at Malahayati Hospital Medan, the char-
acteristics of each hospital patient segment, and determining which segment has the 
best and worst RFM values, as well as identifying which types of patients require 
more attention. 

To address the above issues, a combined approach of RFM and Fuzzy C-Means 
can be used. The RFM (Recency, Frequency, Monetary) approach is a method used 
for customer analysis by assessing customer behavior based on the factors of recency, 
frequency, and monetary value. In a hospital setting, this method can be adapted to 
analyze and classify patients based on their most recent visit, visit frequency, and total 
medical expenses. Meanwhile, the Fuzzy C-Means method is a clustering technique 
that allows an element to belong to more than one cluster. Thus, it is suitable for hos-
pitals with patients who have overlapping conditions or needs. The combination of 
these two methods will provide insights into patient behavior and needs, enabling the 
hospital to prioritize patients based on urgency, revenue potential, and more effective 
resource allocation, as well as adjust schedules and services to improve patient satis-
faction and achieve efficient operations. 

Journal of Science and Education (JSE) 
Vol 5, Issue 2, March 2025, Pages 458-466 
ISSN: 2745-5351 (Media Online) 
DOI: https://doi.org/10.58905/jse.v5i2.408

459 This is an openaccess article under CC-BY-SA license



 

1.1 Data Collection and Preprocessing 

This research was conducted at Malahayati Hospital Medan, with data collected from 
patient transactions and registrations from January 2023 to March 2024. The process 
involved gathering data, which was then processed to obtain RFM (Recency, 
Frequency, Monetary) attribute values. The data was processed using SQL Server 
Management Studio to calculate R, F, and M values, normalized within a range of 0 
to 1. 

Table 1. Patient Transaction Data 

Patient ID Recency Frequency Monetary 
P001 0.8 0.6 0.9 
P002 0.7 0.7 0.8 
P003 0.5 0.4 0.6 

1.2 Clustering with Fuzzy C-Means 

The processed RFM data was used for clustering using the Fuzzy C-Means algorithm. 
The clustering process resulted in patient groupings into several clusters, with 
centroids and membership values assigned to each patient within a cluster. These 
clusters were analyzed to understand the characteristics of each patient segment based 
on their behavior. 

 

Fig. 1. Scatter Plot of Patient Clustering Based on RFM 

The clustering results show that patients can be grouped into several segments 
based on their most recent visit, visit frequency, and medical expenses. 
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1.3 Cluster Validation 

Validation was performed using the SSE (Sum of Squared Errors) and DBI (Davies-
Bouldin Index) methods to ensure that the resulting clusters aligned with the data. The 
SSE and DBI values indicate the accuracy and quality of the clustering achieved. 

Table 2. Cluster Validation Results 

Validation Method Value 
SSE 0.345 
DBI 0.256 

1.4 Patient Characteristic Analysis 

After the clustering process, patient characteristic analysis was conducted to identify 
which segment had the best RFM values and which required more attention. 

Table 3. Patient Segment Characteristics 

Segment Key Characteristics Average RFM 
1 Pasien dengan kunjungan 

frekuensi rendah 
0.4, 0.3, 0.5 

2 Pasien dengan biaya 
pengobatan tinggi 

0.8, 0.7, 0.9 

 

Patients in Segment 2, who have high Frequency and Monetary values, are priori-
tized for further resource allocation to enhance satisfaction and service quality. 

2 Method 

2.1 Design 

This research was carried out in several stages, namely literature review, data 
collection and preprocessing, clustering using the Fuzzy C-Means algorithm, cluster 
validation with SSE, patient characteristic analysis, and report preparation (Figure 3). 

The research was conducted at Malahayati Hospital Medan. Data collection was 
done by gathering patient transaction/registration data from January 2023 to March 
2024. Data analysis was performed by calculating the RFM attribute values and 
normalizing the RFM data. Next, clustering was done using the Fuzzy C-Means 
algorithm, validation with the SSE method, validation with the DBI, and visualization 
(Scatter plot and Google Vis) were created. 

To calculate the RFM attribute values, the process was carried out using SQL 
Server Management Studio with queries appropriate for each attribute. Once the data 
was complete and the attributes matched, the process of calculating R, F, and M 
values was performed using an RDBMS (SQL Server). 
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Normalization was done by adjusting each RFM value to fall between 0 and 1. The 
lowest value for each RFM was set to 0, and the highest value for each RFM was set 
to 1. For the clustering process, the R application was used. In the R application, each 
patient was assigned a membership value for each cluster, the centroid of each cluster 
was calculated, and the nearest cluster to each patient was determined. 

2.2 Fuzzy C-Means clustering 

Fuzzy C-Means (FCM) is a clustering algorithm that is widely used in data analysis 
for grouping similar data points into clusters. Unlike traditional clustering methods 
(like K-Means) where each data point belongs to only one cluster, Fuzzy C-Means 
allows data points to belong to multiple clusters with varying degrees of membership, 
giving it a "fuzzy" aspect. 

Key Concepts of Fuzzy C-Means.  

1. Fuzziness or Membership Degree: Each data point has a membership value that 
indicates its degree of belonging to each cluster, which ranges from 0 to 1. A data 
point closer to a cluster centroid will have a higher membership value for that 
cluster. 

2. Centroids: FCM, like other clustering methods, uses centroids (central points) to 
represent the center of each cluster. The goal is to minimize the distance between 
the data points and the cluster centroids, but in FCM, this is done in a fuzzy 
manner where each point contributes to multiple centroids.  

3. Objective Function: FCM minimizes the following objective function: 

𝐽𝐽 = ��𝑢𝑢𝑖𝑖𝑖𝑖𝑚𝑚
𝐶𝐶

𝑖𝑖=1

𝑁𝑁

𝑖𝑖=1

⋅∥ 𝑥𝑥𝑥𝑥 − 𝑐𝑐𝑐𝑐 ∥ 2 

4. Algorithm Steps: 
Step 1: Initialize cluster centroids and membership values randomly. 
Step 2: Update the membership values for each data point based on its distance to  
the centroids. 
Step 3: Update the centroids by calculating the weighted average of all points, with 
the weights being the membership values. 
Step 4: Repeat steps 2 and 3 until convergence (when changes in centroids and 
membership values are below a defined threshold). 

5. Fuzziness Parameter (m): 
The parameter 𝑚𝑚 m controls how fuzzy the cluster boundaries are. When 𝑚𝑚 = 1 
m=1, FCM becomes similar to hard clustering (like K-Means). Higher values of 𝑚𝑚 
m make the boundaries between clusters more flexible and fuzzy, meaning data 
points can have high membership values in multiple clusters. 
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2.3 Advantages of FCM: 

Soft Clustering: Unlike hard clustering, FCM provides more flexibility by allowing 
points to belong to multiple clusters, which is useful in cases where strict boundaries 
are not realistic. 

Useful in Real-World Scenarios: Many real-world problems, like medical diagno-
ses or customer segmentation, involve overlapping categories where soft clustering 
can provide better results than traditional methods. 

2.4 Example Application: 

In healthcare, FCM could be used to group patients based on various health metrics. 
For example, a patient might belong to multiple categories such as "at-risk" and 
"healthy" to varying degrees based on their lab results, rather than being assigned to a 
single, rigid group. 

2.5 Limitations 

Sensitive to Initialization: Like K-Means, FCM can be sensitive to the initial 
placement of centroids, which can affect the final clusters. 

Computational Complexity: FCM requires calculating the membership value for 
every data point and every cluster at each iteration, making it computationally 
intensive for large datasets. 

3 Results and Discussion 

3.1 Results 

After clustering, an analysis of patient characteristics in each segment was conducted 
to understand the key behavioral trends. The following table highlights the primary 
characteristics of each segment: 

Table 4. Characteristics of Patient Segments 

Segment Key Characteristics Average RFM 
1 Patients with low frequency of visits and 

spending 
0.4, 0.3, 0.5 

2 High-spending patients with moderate visit 
frequency 

0.8, 0.7, 0.9 

3 High-frequency visitors with lower overall 
costs 

0.9, 0.2, 0.6 

1. Segment 2 patients, who had high Frequency and Monetary values, were identified 
as key contributors to hospital revenue. These patients were likely to require high-
value treatments and should be prioritized for enhanced service delivery to 
maintain their loyalty and satisfaction. 
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2. Segment 1 patients, with low frequency and low spending, may require targeted 
marketing strategies to encourage more frequent visits. 

3.2 Discussion 

The combination of the RFM model and Fuzzy C-Means clustering has proven to be 
effective in segmenting patients based on their healthcare behavior. The segmentation 
provides the hospital with actionable insights that can be used to tailor healthcare 
services and optimize resource allocation. 
1. Segment 2 patients, representing high-frequency, high-spending individuals, can 

be given priority for special services and faster care. This segment is critical to 
hospital revenue and should be carefully managed to ensure patient satisfaction. 

2. Segment 1 patients, with lower interaction and spending, could be re-engaged 
through targeted campaigns or service enhancements aimed at increasing their visit 
frequency. 

3. Segment 3 patients, who visit frequently but incur lower costs, might benefit from 
programs that focus on preventive care and long-term health management, which 
could help reduce the frequency of hospital visits while improving their health 
outcomes. 
Overall, the use of Fuzzy C-Means for clustering patients based on RFM values 

has provided deeper insights into patient behavior, allowing for a more data-driven 
approach to hospital management. The SSE and DBI validation metrics indicate that 
the clustering quality is high, and the results are reliable for informing strategic 
decisions. 

4 Conclusion 

This research successfully developed a model for patient management at Malahayati 
Hospital Medan using a combination of the RFM (Recency, Frequency, Monetary) 
method and the Fuzzy C-Means algorithm. The clustering process provided a clear 
segmentation of patients based on their healthcare behavior, helping the hospital to 
identify key segments that can be targeted for more effective resource allocation and 
service improvement. 

4.1 Key findings include 

1. Segment 2 patients, who have high Frequency and Monetary values, are the most 
valuable segment to the hospital. These patients should be prioritized for enhanced 
services and continuous engagement to ensure high satisfaction and loyalty.  

2. Segment 1 patients, who have low Frequency and Monetary values, represent an 
opportunity for targeted engagement strategies to encourage more frequent visits 
and greater utilization of services. 

3. The combination of RFM analysis with Fuzzy C-Means clustering has proven to be 
an effective approach in providing a more nuanced understanding of patient needs 
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and behaviors, leading to better operational efficiency and improved patient 
satisfaction. 

The results of this study provide valuable insights that can help the hospital in 
making data-driven decisions for optimizing patient management, improving service 
quality, and achieving long-term operational efficiency. 
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