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Abstract: Customer Relationship Management (CRM) system 

is one of the methods to increase customer satisfaction with the 
services provided by the company. The data in a CRM system 
sometimes have not been utilized properly to find specific 
information about customer needs. The data mining process can 
help companies to segment and retrieve useful information about 
customers. The segmentation of customers can be categorized into 
groups based on the RFM (Recency, Frequency, and Monetary) 
values of the customers. Several studies have used the RFM model 
as a basis for customer segmentation. However, the methods 
proposed in previous studies are very specific to certain industries 
and the range of RFM scores used is also very subjective. Also, as 
the business grows there are challenges with RFM score 
measurement. RFM score measurement needs frequent 
adjustments in which this adjustment is not easy using the existing 
methods. Therefore,  this study proposed a novel method to 
overcome the limitation of the existing methods using combined 
K-Means and Davies-Bouldin Index (DBI) to find the appropriate 
range of RFM scores. Based on our study in a telecommunication 
industry the proposed method simplify the measurement of the 
RMF scores as the data grows. This research also provided the 
appropriate RFM score range through the K-Means approach 
based on the optimal K value of the K-Means algorithm. Our 
proposed method could be implemented in other industries since it 
only depends on the values of RFM from the correspond data for 
each customer. 

Keywords: Clustering, Data mining, RFM Analysis, 
Segmentation.  

I. INTRODUCTION 

Customers are the most valuable assets of a company, to 

retain customers the company is required to provide 
satisfactory services to customers. Many efforts made by the 
company to ensure customer satisfaction, one of which is to 
adopt a CRM system to maintain and use critical information 
regarding the needs, expectations, and choices of customers 
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to make them satisfied and loyal [1]. With the customer 
transaction data contained in the CRM system, we can 
process the data using data mining techniques to obtain 
detailed knowledge and information for each customer [2]. 
One method that can be used to understand customers in 
large-scale CRM database is by segmenting each customer 
based on data similarity and place each customer in their 
respective segments [3]. 

The data mining technique that can be used for customer 
segmentation is clustering [4]. Clustering is the task of 
grouping unlabeled data points into multiple numbers of 
groups based on the similarity of the data points [5]. 
Clustering techniques using various algorithms such as 
c-means, K-Means, k-medoids have been proven capable of 
segmenting customers appropriately [6], [7], [8], [9]. 

Various approaches can be taken to segment customers. 
For example, the customer segmentation model can be based 
on ARPU (Average Revenue Per User), MOU (Minutes of 
Usage), DOU (Data of Usage), demographic and behavioral 
data of telecom customers [10]. Also, CLV (Customer 
Lifetime Value) can be used to segment customers [11]. And 
there also research that uses the RFM model as an approach 
to segment and explores specific information for each 
customer [12]. 

RFM is a model used for analyzing customer value. RFM 
stands for the three data layer: (1) Recency - How recently 
did the customer purchase; (2) Frequency - How often do the 
customer purchase; (3) Monetary Value - How much do the 
customer spend [13]. Through these three data layers, 
multi-view customer segmentation can be obtained. 
Although there have been many studies using the RFM 
method, there is no standard that can determine the RFM 
score range. 

This research was conducted to create a customer 
segmentation model with three-layer data clustering based on 
the RFM model to produce comprehensive information about 
customers through multi-view customer segmentation. In 
addition, this research will show how to determine the range 
of scores on RFM using clustering techniques. The 
contributions of this paper are as follows: This research 
presents a method for generating the RFM values based on 
service subscription transaction data in the 
telecommunication industry in which we provide a novel 
method to define the appropriate RFM score range through 
K-Means approach based on the optimal K value of K-Means 
algorithm. Our method also simplifies the RFM scoring 
process when we add new 
data in the RFM process. 
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The remainder of this paper proceeds as follows. Section 2 
discusses the previous approach in the RFM customer 
segmentation model. Section 3 describes the research 
methodology. Section 4 shows the experimental results. 
Section 5 presents the findings of this research and 
suggestion for future research. 

II.  RELATED WORKS 

To generate an RFM score, RFM values have often been 
used as input variables to segment customers. RFM values 
can be used as an input variable to produce a single cluster 
label [14], [15], [16]. For example, auto insurance customers 
can be segmented using K-Means and RFM values as the 
input parameter produced by the fuzzy analytic network 
process (FANP) [15]. 

Table-I: Related Works 
Autho

r 
Data Approach 

RFM Scoring 
Method 

[14] Customers 
data from a 
telecommu
nication 
company 

Segment RFM 
values using 
K-Means to 
produce single 
cluster label 

RFM score 
produced in 
segment level 
using a 
mathematical 
formula 

[15] Customers 
data from 
an auto 
insurance 
company 

Producing 
each RFM 
values using 
fuzzy ANP 
then applying 
K-Means to 
produce single 
cluster label 

None 

[16] Prospectiv
e 
customers 
data from 
automobile 
retailer 
company 

Using PSO 
algorithm to 
segment 
customers 
based on their 
RFM score to 
produce a 
single cluster 
label 

RFM score 
produced 
using a logical 
formula to set 
the score range 
from 1 to 5 

[17] Customer 
transaction 
data from 
office 
stationery 
company 

Using the 
K-Means 
algorithm to 
segment 
customers 
based on their 
RFM score & 
RFM Values 
to produce two 
cluster labels 

RFM score 
produced 
using a logical 
formula to set 
the score range 
from 1 to 5 

[18] Customers 
transaction 
data from 
IT 
Company 

Segment 
customer 
using FCM 
clustering 
algorithm then 
calculates 
RFM score for 
each cluster 
using fuzzy 
AHP 

RFM score 
produced 
using a 
mathematical 
formula to set 
the score range 
from 0 to 1 

[19] Purchasing 
data from a 

Segment 
customer 

RFM score 
produced in 

Autho
r 

Data Approach 
RFM Scoring 

Method 
branch 
general 
store 

using Firefly 
Algorithm 
(FA) then 
calculate RFM 
score in each 
cluster to find 
the most 
profitable 
segment 

segment level 
using a 
mathematical 
formula 

[20] Telecom 
customer 
service 
usage 
history 
data from a 
telecommu
nication 
company 

Statistic-based 
approach to 
value latent 
users via time 
series interval 
usage as RFM 
values 

RFM score 
produced 
using a 
mathematical 
formula to set 
the score range 
from 1 to 8 
based on a 
statistical 
analysis 

[21] Customer 
transaction 
data from 
an 
e-commerc
e retail 
store 

Using 
K-Means to 
segment each 
customer 
based on RFM 
score. The 
prediction of 
churn is then 
done using 
logistic 
regression, 
SVM and 
SGD 
classifier. 

None 

Customer segmentation can also be done using Particle 
Swarm Optimization (PSO) algorithm to segment customers 
based on each customer's RFM score [16]. Another approach 
to segment the customers can also be done by providing RFM 
score and RFM values as the input parameters so that it 
becomes 2 cluster labels [17]. An RFM score can also be 
produced at the segment level to find out which segment 
provides the greatest profit for the company [18], [19]. 

There several ways to produce RFM values and RFM 
scores, for example, using usage data from 
telecommunications services that are used by the customer 
can be converted to RFM values through a statistical 
approach [20]. The results from the RFM model can also be 
used as a parameter to predict customer churn [21]. 

As we can see in the previous research that has been 
mentioned, several authors have used the RFM model as a 
basis for customer segmentation. In previous research, there 
was no attempt to use clustering techniques to determine the 
range of RFM scores. Some previous research uses logical or 
mathematical formulas to determine the range of RFM score, 
with this approach the formulas need to be adjusted 
frequently as the data grows. Also, the methods proposed in 
previous studies are very specific to certain industries and the 
range of RFM scores used in previous studies is also very 
subjective [14], [15], [18], 
[19]. 
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This research will focus to resolve the shortcomings that 
existed in previous research by using clustering techniques 
especially the K-Means algorithm to produce RFM scores 
based on the RFM values of each customer and finding the 
optimal K values for each of these three-layer data. 

III. RESEARCH METHODOLOGY 

This study aims to create a multi-view customer 
segmentation model based on the RFM model using 
Recency, Frequency and Monetary values of each customer. 
This research starts from attribute selection, data 
pre-processing, RFM values generation, RFM scoring, and 
evaluation. The research process is carried out as shown in 
Fig. 1. 

 

Fig. 1. Research methodology 

Attribute Selection 

Usually, the database contains a hundred attributes; the 
database may contain irrelevant attributes for the data mining 
process or data mining purpose. In this step, we choose the 
attributes needed to produce RFM values. In the Recency 
layer, we take attributes that indicate the date of the 
transaction. In the Frequency layer, we take the customer id 
attribute which will be counted according to the number of 
transaction records of each customer. Finally, in the 
Monetary layer, we take the price value of the transaction. 

Table-II: Attribute Selection 
Data Layer Attribute Description 

Recency Transaction Date An attribute that indicates 
the first time a customer 
makes a transaction and the 
date on which the customer 
starts subscribing for a 
service at the company 

Frequency Customer Id A unique indicator that 
identifies each customer 

Monetary Transaction Price An attribute that contains 
the number of costs that 
customers must pay to the 
company each month 

A. RFM Values Generation (pre-processing) 

After selecting the attributes, on this step, we perform 

attribute transformation, generation, and normalization. 
Because each data layer has different attribute functions and 
different data types, we do the pre-processing part at each 
data layer separately. The data we use in this research come 
from the CRM system of a telecommunication company. The 
transaction is based on subscribed services and will be billed 
to customers every month. 

For generating Recency value, we need to generate a 
standard period (billing period) which we can get through the 
transaction date attribute. Then the transaction date will be 
compared with the current date to find the duration of the 
current subscription period and converted to a monthly 
format. 

For the second layer, which is Frequently value. We group 
records based on customer id attributes and add up the total 
records for each customer. By doing this we can get the 
number of transactions each customer has made with the 
company. 

For the Monetary layer, we multiply the price of each 
transaction by the billing cycle duration and then add it up for 
each customer to get the total value of all transaction that has 
been paid by the customer to the company. The Monetary 
value of each transaction is calculated as (1) and monetary 
value for each customer calculated as (2). 

                (1) 

                        (2) 

Where   is transaction record,   is monetary value   is 
price value for a transaction record and   is the number of 
total cycle period the customer subscribing to the service. 

After finding RFM values then we normalize the data 
separately on each data layer before processing the data using 
the K-Means algorithm. 

B. RFM Scoring (clustering) 

The core idea of K-Means is to update each cluster center 
represented by the center of data points by iterative 
computation until some criteria for convergence is met.  
In K-Means the number of clusters K is an input parameter, 
for each data vector this algorithm calculates the distance 
between data vector and each cluster centroid as in (3) where 
   is     data point    is the centroid of     cluster. Then 
the centroid is recalculated each time respectively after the 
addition of data point in cluster  . It is calculated as in (4) 
where    is the number of the data point in cluster  . 

                               (3) 

                      (4) 

Then there is the K-Means algorithm with input    as the 
number of clusters and    as a data set containing   object. 
The output is a set of    clusters. 
1) Input the data set and value of   . 
2) If    == 1 then Exit. 
3) Else 
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4) Choose   objects from   randomly as the initial cluster 
centers. 

5) For every data point in the cluster,   reissue and define 
every object into the cluster where the object matches, 
based on the object’s mean value in the cluster. 

6) Update cluster means; after that for each cluster calculate 
the object’s mean value. 

7) Repeat from step 4 until no data point was assigned 
otherwise stop. 

The satisfying criteria can be either several iterations or 
change of position of the centroid in consecutive iterations 
[22]. After finding the cluster label on each data layer then we 
apply our proposed method of RFM scoring using the 
following algorithms: 

Recency scoring algorithm with input attribute cluster 
label, R values, and the output is R score: 
1) Input the data set. 
2) Group records by cluster label and find average R values 

in each cluster label. 
3) Sort records by average R values from highest to lowest. 
4) Generate new attribute R score from lowest to highest. 

Frequency scoring algorithm with input attribute cluster 
label, F values, and the output is F score: 
1) Input the data set. 
2) Group records by cluster label and find average F values 

in each cluster label. 
3) Sort records by average F values from lowest to highest. 
4) Generate new attribute F score from lowest to highest. 

Monetary scoring algorithm with input attribute cluster 
label, M values, and the output is M score: 
1) Input the data set. 
2) Group records by cluster label and find average M values 

in each cluster label. 
3) Sort records by average M values from lowest to highest. 
4) Generate new attribute M score from lowest to highest. 

C. Evaluation 

On this step, we evaluate each cluster performance produced 
on each layer by using the Davies-Bouldin Index (DBI). DBI 
is one of many methods used to evaluate the clustering 
algorithm. DBI is defined as the ratio of the sum of the 
within-cluster scatter to the inter-cluster separation and can 
be expressed as follows (5) [23], where the factor    can be 
written as (6) and    and    denote the within-cluster scatter 
for     and     clusters, respectively, and, e.g.,    can be 
expressed as (7) where    is a number of   in the cluster   , 
and    is the center of this cluster. Moreover, the    is the 
distance between the cluster centers, i.e.,            . 

    
 

 
   

 
       (5) 

 

         

     

   
  (6)  

   
 

  
             

  (7) 

The minimum of the DBI indicates the appropriate 
partitioning of a data set or in other words, the closer the 
value of DBI to zero indicates that the cluster produced are 
tight and well separated from each cluster center [24]. 

IV. EXPERIMENTS 

For this experiment, we use RapidMiner Studio and as 
mentioned in the previous section, in this research we use a 
real dataset from a telecommunication company. Fig. 2 
shows the step by step data processing starting from 
extracting the data from the database, data selection, attribute 
selection, RFM values generation, normalization, clustering 
using K-Means, evaluation using DBI and finally RFM score 
which is showing the results of segmentation. 

 
Fig. 2. Proposed Model 

The data extracted from the CRM system for this study 
consist of 30838 records of an Active subscription status with 
4 attributes. As mentioned in the previous section, we only 
choose the attributes that will be used to generate RFM 
values, so the attributes we chose are TRANS_ID, CUST_ID, 
MONTHLY_CHARGE, and START_DT as shown in Fig.3. 

 

Fig. 3. Data samples snapshot 

After getting the Recency, Frequency and Monetary values 
in the manner mentioned in the previous section 
(pre-processing) then we left with 30360 records because the 
data has been grouped by CUST_ID. Now the data is ready to 
be normalized before processing it using the K-Means 
algorithm. 
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Fig. 4. Generated Recency, Frequency and Monetary 
values from Fig. 3 

After the data has been pre-processed, on this step we 
apply K-Means. Then we analyze each layer cluster 
performance using DBI as mentioned in the previous section 
(evaluation). From here we start by entering the values K = 2 
to K = 10 and then comparing the DBI values to find the most 
optimal K value for each data layer. 

 
Table- III: Davies-Bouldin Index result 

K Value R F M 

2 -0.528 -0.322 -0.412 

3 -0.479 -0.393 -0.319 

4 -0.498 -0.380 -0.394 

5 -0.478 -0.360 -0.412 

6 -0.518 -0.415 -0.428 

7 -0.544 -0.322 -0.444 

8 -0.543 -0.284 -0.402 

9 -0.522 -0.318 -0.409 

10 -0.535 -0.320 -0.441 

 
The result showed that on the R layer K = 5 is the most 

optimal K number with DBI score -0.478, on the F layer K = 
8 is the most optimal K number with DBI score -0.318 and on 
the M layer K = 3 is the most optimal number with DBI score 
-0.319. 

After finding the most optimal K value for each layer, now 
we set the RFM score based on the method we proposed in 
the previous section (clustering). For the R layer, the average 
value of each cluster has been sorted starting from the highest 
value to the lowest value based on the average value in each 
cluster and can be seen in Fig. 5. For the F layer and M layer, 
the average value of each cluster has been sorted starting 
from the lowest value to the highest value based on the 
average value in each cluster Fig. 6 and Fig. 7. 

 

 
Fig. 5. R layer cluster average value and R Score 

 
Fig. 6. F layer cluster average value and F Score 

 
Fig. 7. M layer cluster average value and M Score 

At the final step, we determine values ranging from 1 to the 
number of all cluster labels in each cluster layer. In this 
research, the score on the R layer starts from 1 to 5, on the F 
layer the score starts from 1 to 8 and on the M layer the score 
starts from 1 to 3. After that, we join each RFM score to each 
record based on the respective CUST_ID as can be seen in 
Fig. 8. 

 

 
Fig. 8. Generated RFM score for each customer 

V. RESULTS AND DISCUSSION 

With the proposed method in this research, it is proven that 
this method is superior in terms of simplicity and ease of use 
when compared to related research mentioned in the previous 
section, rather than adjusting the formula to generate RFM 
score, this scoring method can be done more dynamically 
when more data is available by changing the K values. 

We have tested this model by trying several tests with 
different amounts of data, for data set 1 we are using 21587 
records which are 70% of all the data, for data set 2 we use 
27754 records which are 90% of all the data and finally data 
set 3 we use all 30838 records. the most optimal K value in 
each test always changes according to the amount of data. For 
further research, we want to develop this model to be able to 
use the most optimum K value automatically. 
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Table- IV: Davies-Bouldin Index result 

Data Sets 
Optimal K for 

R (score 
range) 

Optimal K for 
F (score 
range) 

Optimal K for 
M (score 
range) 

Data Set 1 3 10 3 

Data Set 2 5 9 3 

Data Set 3 5 8 3 

By doing this three-layer data clustering and producing an 
RFM score ranges that match the characteristics of the data 
by using optimal K value on each data layer, the company can 
divide the customers into different segments more 
comprehensively.  

This model shows the segment of each customer from 
several views. From each of these views, we can also find out 
which customers have the highest scores and lowest score. 

For customers that have low RFM score, the company 
could plan appropriate marketing strategies to increase 
customer RFM values. For example, a customer F score is 1, 
and the frequency of that customer subscribing to service 
provided by the company is also 1, the company could plan 
marketing strategies by offering discounts or appropriate 
service bundling to increase F value of that customer. By 
increasing the F value of a customer, this also increases the M 
value of the customer and so on. 

VI. CONCLUSION 

The customer data in the CRM system can be massive and 
have hundreds to thousands of attributes. The method 
proposed in this study helps the enterprise in the 
telecommunication industry to identify customers segment 
based on each customer data. We have developed a novel 
method based on K-Means and DBI to generate RFM scores.  
Using this proposed method we can easily segment 
customers when the amount of data increases. Adjustment the 
number of the RFM score range was done by using the 
optimal number of K. Using this method we can determine 
the range of RFM scores objectively based on the amount of 
data available. Also, the proposed method could be 
implemented in other industries since it only depends on the 
values of RFM from the correspond data for each customer. 

Now we have already completed this three-layer data 
clustering model based on RFM model, the marketing 
department in the company can create a marketing strategy 
that is right on target by their respective customer segments. 
This, of course, can improve the relationship between 
customers and companies because that is one of the 
objectives of implementing a CRM system.  

Based on this model, we aim to develop a method where 
we can predict the customers RFM values in the future using 
historical transaction data. 

APPENDIX 

Table- V: Research Result 

CUST
_ID 

R_SC
ORE 

F_SC
ORE 

M_SC
ORE 

R_V
ALU

E 

F_V
ALU

E 

M_V
ALU

E 
01-09-
2016-4
B7-339

1 

3 2 2 41 2 

8.95
978
125

E9 

01-09-
2016-4
B7-340

6 

3 1 2 41 1 

1.05
468
318
E10 

01-01-
2017-4
B7-340

1 

4 1 3 37 1 

3.50
049
6E1

0 

05-05-
2017-2
TF-3 

4 1 2 33 1 

1.20
615
E10 

05-05-
2017-4
B7-276 

4 1 2 33 1 

1.20
615
E10 

08-12-
2017-4
F0-14 

4 2 2 26 2 

1.29
447
5E1

0 
13-04-
2017-6
2L-290 

4 1 2 34 1 
9.35
E9 

18-05-
2017-4
F0-17 

4 2 2 33 2 
8.91
E9 

18-12-
2017-4
F0-17 

4 2 2 26 2 

1.29
805
E10 

22-01-
2019-1
VXXE

T 

5 2 2 13 2 

8.95
245
E9 
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