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Abstract: The insurance protection program cannot be separated from everyday human life because there
will always be risks in every human activity. Most people have entered into insurance agreements with state-owned
and national private-owned insurance companies. The information system is one of the resources to increase
competitive advantage. Information systems can be used to obtain, process, and disseminate information to support
day-to-day operations and support strategic decision-making activities. The rapid growth of data accumulation has
created data-rich but insufficient information conditions. Data mining is the mining or discovery of new information
by looking for specific patterns or rules from large amounts of data expected to overcome these conditions. It is
hoped that customer data can accurately produce information about insurance cost predictions. In this analysis, the
authors use the RapidMiner Studio version 9.1 software. With the RapidMiner Studio app, authors can analyze the
insurance data. A scientific novelty of this research is investigating data set cost insurance with data mining
techniques consisting of classification, association, and clustering. Research goals for data mining techniques with
classification, association, and clustering case studies implemented are to find all associative rules with high
confidence, organize objects into groups whose members are similar, and collect objects between them. The
following methods can be used: decision tree for data modeling, FP-Growth for determining which dataset occurs
most frequently, and K-Means to classify the data attributes to facilitate the analysis.

Keywords: insurance, information system, data mining, RapidMiner.
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1. Introduction

Insurance is a contract (policy) in which an
individual or entity receives financial protection or
reimbursement against losses from an insurance
company. The company pools clients’ risks to make
payments more affordable for the insured [1]. The
portfolio of products offered by insurance providers
has diversified over the years. Accumulation of
operational data inevitably follows from this growth in
the industry. As a result, there is an increasing need to
convert their data into a corporate asset to stay ahead
and gain a competitive advantage [2].

Data mining is an interdisciplinary field of
astronomy, business, computer science, economics, and
others to discover new patterns from large datasets.
Data mining technology can help insurance firms make
crucial business decisions [3].

Insurance data analysis can be considered a way of
reducing insurance companies’ losses, and data mining
may lead to valuable results. Data mining is unknown
knowledge and laws discovery process and use of mass
data and databases [4]. Data mining techniques have
been mainly applied to database marketing by
analyzing customer databases. Other applications
include analysis and selection of stocks, fraud
detection, spending patterns through the study of
financial records, and detection of spatial patterns of bit
failures in semiconductor memory fabrication [5].

Data mining techniques detect patterns in a large
amount of data. As part of the larger concept of
knowledge discovery, data mining involves statistical,
mathematical, artificial intelligence, and machine
learning techniques to extract and identify useful
information and subsequent knowledge from large
databases [6]. Data mining is a concrete innovation
with great potential to help insurance companies
concentrate on the most critical information about the
actions of their clients and potential customers in the
data they have collected [7].

In this paper, the authors determine the relationship
between attributes, look for several sets of items, and
classify various attributes based on their similarities
using Rapid Miner Studio data mining software with
several data mining techniques such as classification,
association, and clustering to produce research.

Classification rules may be identified from a part of
training data, and they may be tested for the rest of the
data. The effectiveness of the classification approach
may be evaluated in terms of the rule reliability with
the test data set [8]. Association rule mining finds
exciting relationships in data. The goal of associative
rule data mining is to find all associative rules with
high confidence (Strong Rules) in the data set [9].
Clustering is the process of organizing objects into
groups whose members are similar in some way.
Therefore, a cluster is a collection of objects that are
similar to them and are dissimilar to the objects
belonging to other clusters [10].

2. Literature Review

2.1. Classification

Classification is the process of finding a model or
function that describes a concept or data class that aims
to estimate the class of an object whose label is
unknown. It can also be called a learning function that
maps (classifies) a data element into one of several
predetermined classes [11].

The Decision Tree method is a simple
representation of the classification technique, which is
the learning process of an objective function that maps
each set of attributes to one of the previously defined
classes. The decision tree can find hidden relationships
between several candidate input variables and a target
variable. Furthermore, a decision tree can combine data
exploration and modeling, which is an excellent first
step in the modeling process [12].

The Decision Tree Method has the following
advantages [13]:

1) Decision-making areas that were previously
complex and very global can be changed to be more
straightforward and specific.

2) Eliminating unnecessary calculations occurs
when the sample is tested only based on specific
criteria or classes using the decision tree method.

3) Flexible in selecting facilities or features from
different internal nodes, the selected feature will
distinguish one criterion from another in the same
node. Because this decision tree method is flexible, it
will improve the quality of the resulting decisions
compared to conventional one-stage calculation
methods.

4) In multivariate analysis, with many criteria and
classes, an examiner usually needs to estimate either
the distribution of the height dimensions or the specific
parameters of the class distribution. The Decision Tree
method can avoid the emergence of this problem by
using fewer criteria at each internal node without
significantly reducing the quality of the resulting
decisions, be it high dimensional distribution or
specific parameters of the class distribution. The
Decision Tree method can avoid this problem by using
fewer criteria at each internal node without
significantly reducing the quality of the resulting
decisions.

2.2.Association

Data mining techniques that can be used and the
two above are association data mining or what is
commonly referred to as market basket analysis.
Market basket analysis is a powerful tool for
implementing a cross-selling strategy. This method
begins by searching for several frequent item sets and
continues with the formation of association rules. The
Apriori algorithm and frequent pattern growth (FP-
growth) are two prevalent algorithms for finding
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frequent item sets from transaction data stored in the
database. The task of association in data mining is to
find attributes that appear at one time [14].

One of the methods used in this data set is FP-
growth. FP-growth is an alternative algorithm that can
determine the most frequent itemset in a data set. FP-
growth uses a different approach from the paradigm
used in the Apriori algorithm [15].

Frequent itemset excavation using the FP-Growth
algorithm will generate a data tree structure called FP-
Tree. The FP-Growth method can be divided into three
main stages, namely [16]:

»  The stage of generating the conditional pattern
base,

»  FP-Tree conditional generation stage, and

e The frequent itemset search stage.

2.3.Clustering

Clustering is a directionless data mining science.
Clustering is the process of dividing data into classes
based on the level of similarity. In clustering, data with
similar characteristics will gather in the same group.
Data that have different characteristics will gather in
different groups [17].

One of the data mining techniques is the K-means
Clustering Algorithm, which partitions data into one or
more clusters (groups). Data with different
characteristics are grouped into other groups [18].

This method partitions data into clusters/groups.
Data with the same characteristics are grouped into the
same cluster, and data with different characteristics are
grouped into other groups. This clustering data aims to
minimize the objective function set in the clustering
process, which generally tries to minimize variations
within a cluster and maximize variations between
clusters [19].

3. Research Method

The CRISP-DM methodology is described as a
hierarchical process model, consisting of sets of tasks
described at four levels of abstraction (from general to
specific): phase, generic task, specialized task, and
process instance. CRISP-DM is divided into six phases
to be carried out in a DM project, as shown in Figure 1.

Implementation details in each phase are:

1. Business Understanding: Understanding the
project objectives and requirements from a business
perspective and then converting this knowledge into a
data mining problem definition. A preliminary plan is
designed to achieve objectives [21].

2. Data Understanding: This is the second phase
of the CRISP-DM process, which focuses on data
collection, checking quality, and exploring data to get
the insight of data to form hypotheses for confidential
information [22].

3. Data Preparation: The third phase of the
CRISP-DM process focuses on selecting and preparing
the final data set. This phase may include many tasks

records, tables, and attributes selection and cleaning
and transformation of data.

Business o Diata
Understanding Urderstanding

Data
Preparation

Fig. 1 Phases in CRISP-DM methodology [20]

Table 1 Dataset

Age Sex BMI  Smoker Region Charges
19 Female 27.9  Yes Southwest  16.884

18 Male 33.77 No Southeast  17.255

28 Male 33 No Southeast  4.449

33 Male 22.71 No Northwest  2.198.447
32 Male 28.88 No Northwest  38.668

31 Female 25.74 No Southeast  37.566
46 Female 33.44 No Southeast  82.405

37 Female 27.74 No Northwest  72.815

37 Male 29.83 No Northeast  64.064

60 Female 25.84 No Northwest 2.892.313
25 Male 26.22 No Northeast 27.213

62 Female 26.29 Yes Southeast  278.087
23 Male 344  No Southwest  1.826

56 Female 39.82 No Southeast  110.907
27 Male 4213  Yes Southeast  396.117

Table 1 gives a Personal Medical Cost data set that
will be used for analysis. This data set has six columns:

1. Age Column: This column contains
information on the age of the insurance customer.

2. Sex Column: This column contains information
on the gender of the insurance customer.

3. BMI  Column: This column
information on body mass index.

4. Smoker Column: This column contains a
description of whether the patient smokes or does not.

5. Region Column: This column contains a
description of the area where the insurance customer
lives.

6. Charges Column: This column contains
information on the total cost of the insurance bill.

7. Modeling: The fourth phase of CRISP-DM
process selection and application of various modeling
techniques. Different parameters are set, and different
models are built for the same data mining problem.
Some techniques have specific requirements in the
form of data.

8. Evaluation: In this phase, the results are
evaluated towards the data mining goals, used models,

contains
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and cost-benefit relations. Here, checklists, internal
benchmarking, and statistical analysis can help assess
the results and create profitable improvement ideas
[23].

9. Deployment: The final phase of the CRISP-DM
process focuses on determining the use of obtaining
knowledge and results. This phase also focuses on
organizing, reporting, and presenting the gained
knowledge when needed.

4. Results and Analysis

In this research, the authors use the process
contained in the CRISP-DM method but do not carry
out the final process, namely the implementation
process.

4.1. Classification

4.1.1. Business Understanding

The business understanding stage focuses on
understanding business needs. Then this understanding
is transformed into early data mining, a plan designed
to achieve a goal. The definition of business refers to
the classification of customer data classifications. At
this stage, an understanding of the background and
objectives of the business process requires the
classification of customer data:

1. Determine Business Objective. The business
objective of conducting this research is to determine
the classification of customers based on the age, BMI,
and charges of insurance customers.

2. Determine Data Mining Goals. The purpose of
data mining or the purpose of this research is to find
knowledge about pattern classification related to the
age, BMI, and charges of insurance customers.

4.1.2. Data Understanding

At the stage of understanding the data, the research
starts with initialization and supports the data to
determine the first insight into the data. Initial data
collection was carried out by observation.

4.1.3. Data Preparation

Data preparation tasks will likely be performed
multiple times and not in any prescribed order. Tasks
include table, record, and attribute selection, data

cleaning, new attributes construction, and data
transformation for modeling tools.
Table 2 Data set for classification
Age  Sex BMI Smoker  Charges
19 Female 27.9 Yes 16.884
18 Male 33.77 No 17.255
28 Male 33 No 4.449
33 Male 22.71 No 2.198.447
32 Male 28.88 No 38.668
31 Female 25.74 No 37.566
46 Female 33.44 No 82.405
37 Female 27.74 No 72.815
37 Male 29.83 No 64.064

Continuation of Table 2

60 Female 25.84 No 2.892.313
25 Male 26.22 No 27.213
62 Female 26.29 Yes 278.087

23 Male 34.4 No 1.826
56 Female 39.82 No 110.907
27 Male 42.13 Yes 396.117

The data preparation stage includes all activities that
build the final dataset (data included in modeling) from
the initial raw data. Data preparation includes all
activities to build a data set in the modeling tool from
the initial raw data or create a new database for data
mining settings. The database is independent or
separate from the operational database. The main
function is for modeling classification data.

The compilation of data includes all activities to
build a data set that will be processed in the modeling
process using the C4.5 algorithm to build a decision
tree. The final data set can be seen in Table 1.

Table 2 presents a Personal Medical Cost data set
that will be used for analysis. This data set has six
columns:

1. Age Column: This column contains
information on the age of the insurance customer.

2. Sex Column: This column contains information
on the gender of the insurance customer.

3. BMI Column: This column
information on body mass index.

4. Smoker Column: This column contains a
description of whether the patient smokes or does not.

5. Charges Column: This column contains
information on the total cost of the insurance bill.

contains

4.1.4. Modeling

The choice of data mining techniques, algorithms,
and determining parameters with optimal values. At the
modeling stage, there are several things to do: selecting
modeling techniques, building models, and assessing
models:

1. Selecting modeling technique: The data mining
technique chosen is the decision tree using the C4.5
algorithm. The decision tree and C4.5 algorithm are
very appropriate to achieve the initial objectives of this
study, which is to gain knowledge about the
classification of insurance customers. Data mining
modeling begins with making rules for the formation of
decision trees.

2. The Building Model phase will be used as a
benchmark in classifying current or non-current
customers.  Customer  assessment  criteria  are
benchmarks in classifying insurance customers, namely
the age and BMI of each customer.

3. At the Assessing model phase, modeling is
performed by forming a decision tree using the C.45
algorithm with predetermined rules of the three
conditions, which will use 1338 random customer data.
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4.1.5. Evaluation

The evaluation in this study is more focused on the
model or pattern produced by the C4.5 algorithm. First,
the resulting model is analyzed to determine whether
the resulting pattern follows the standards of the
insurance data set.

4.1.6. Deployment
The resulting model is analyzed to determine
whether the resulting pattern follows the standards of

charges
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the insurance data set. If the resulting pattern is not
appropriate, then further analysis of the resulting
pattern can result in recommendations for
improvements expected in determining whether
insurance customers are appropriate or not.

4.1.7. Research Result

A decision tree is formed after testing the C4.5
algorithm method on RapidMiner Studio, as shown in
Figure 2.
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Figure 2. The root of the decision tree

Figure 2 that shows the root of the decision tree is
Charges. The decision tree above produces rules that
will be implemented in the program. The following is
an explanation of the rules formed by modeling the
C4.5 algorithm:

1) If charges < 14453.740 then no (4 / 966)
2) If charges > 32328.502 then yes (150 / 4)
3) If bmi < 29.225 and charges < 21981.574 then

yes (76 / 8)

4) If bmi > 30.057 then no (0 / 56)

5) If age > 38 and charges < 24435.050 and
charges > 22205.276 then yes (16 /0)

6) If age <55 and charges > 25449.705 then no (1
/ 10)
7) If charges > 24516.678 and age > 46.500 then

yes (23 /3)
8) If bmi <29.670 then no (0/ 13)
9) Ifage<27thenyes(2/0)
10) If bmi <29.805 thenno (0/2)
11) If age <48 then yes (2/0)
12) Else no (0/0)

4.2. Association

4.2.1. Business Understanding

The benefits of this transaction data can consider the
sales strategy in the following month. In data mining,
there is association analysis which helps analyze
transaction data. Association means looking for a
combination of goods in a transaction that has
occurred.

4.2.2. Data Understanding
The stage of data understanding starts with

initialization support to determine the first insight into
the data. Initial data collection was carried out by
observation.

4.2.3. Data Preparation

The data preparation stage includes all activities that
build the final dataset (data included in modeling) from
the initial raw data. The compilation of data includes
all activities to build a data set that will be processed in
the modeling process using the Association Rule to
build an FP-Growth.

Table 3 Data set for association

Age  Sex Children  Smoker
19 Female O Yes
18 Male 1 No
28 Male 3 No
33 Male 0 No
32 Male 0 No
31 Female 0 No
46 Female 1 No
37 Female 3 No
37 Male 2 No
60 Female O No
25 Male 0 No
62 Female O Yes
23 Male 0 No
56 Female 0 No
27 Male 0 Yes

Based on Table 2, the Personal Medical Cost data
set will be used for analysis. This final data set has six
columns:

1. Age Column: This column contains
information on the age of the insurance customer.

2. Sex Column: This column contains information
on the gender of the insurance customer.
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3. Children Column: This column contains a
description of the number of children covered.

4. Smoker Column: This column contains a
description of whether the patient smokes or does not.

4.2.4. Modeling

The modeling stage combines selecting modeling
techniques and assessing models:

1. Select Modeling Techniques: The data mining
technique chosen is the FP-Growth using the
Association Rule. Fp-growth can be used to achieve the
initial objective of this study, namely, to find the
relationship between insurance customer data based on
age, children, sex, and smoker.

2. Assess Models: Modeling is done by forming a
frequent item set. The following process is the
generation of association rules when the Frequent
Itemset has been obtained.

4.2.5. Evaluation

The evaluation is carried out in-depth with the aim
that the results at the modeling stage follow the targets
to be achieved in this part using the FP-growth
association method.

4.2.6. Deployment

The final report regarding the knowledge obtained
or relation recognition of data in the data mining
process is presented in tables or descriptions that are
easy to understand.

4.2.7. Research Analysis

FP-Growth is more beneficial because it only scans
the database once or twice, while the Apriori algorithm
needs to scan the database repeatedly, so it tends to
take longer. In this analysis, the authors try to find
Association Rules with two parameters, namely the
Frequent Items Set and the preparation of the Rules.
The function of FP-Growth, in this case, is to find out
the Frequent Item Set, while the Association Rules
serve to formulate Rules.

Therefore, it is necessary to determine the
parameters of FP-Growth and Association Rules to
produce valid data. The results from applying FP-
Growth modeling in Rapid Miner are shown in Table 5.

Based on Table 5 can be seen the result of the
Frequent Item Sets obtained from the modeling results
above. There is a support value and items from each
row. For example, support in the value above shows a
support value of the several combinations of set items
listed.

Table 4 shows the result of preparing the Rules
obtained from the Creating Association Rules
procedure.

Table 4 Association rules

No.  Premises Conclusion Support Confidence LaPlace  Gaim ps un Comvicson

smoker chidcren 0452

4.3.Clustering

4.3.1. Business Understanding

At this stage, an understanding of the substance of
the data mining activities will be carried out, and the
needs of the prospective business.

Table 5 Frequent item set

Size Support Item1 Item 2 Item 3 Item 4
1 1,000 Age

1 0,795 Smoker

1 0,571 Children

1 0,505 Sex

2 0,795 Age Smoker

2 0,571 Age Children

2 0,505 Age Sex

2 0,452 Smoker  Children

2 0,386 Smoker  Sex

2 0,292 Children  Sex

3 0,452 Age Smoker  Children

3 0,389 Age Smoker  Sex

3 0,292 Age Children  Sex

3 0,220 Smoker  Children  Sex

4 0’220 Age Smoker  Children  Sex

Knowing everything about the business object
(research object) is imperative to understanding the
data that is then analyzed.

1. Determine Business Objectives: The stage of
determining business objectives and uncovering the
critical factors involved in the planned research ensures
that the research does not produce correct answers to
wrong questions. The business objective based on the
explanation in this analysis is to see the relationship
between data on insurance customers.

2. Determine Data Mining Goals: The stage of
transforming knowledge in the business domain into a
data mining problem definition and determining data
mining objectives (research). The purpose of data
mining or this research is to explore knowledge
(discovering knowledge) about patterns of relationships
between customer data.

4.3.2. Data Understanding

The stage of data understanding starts with
initialization and supports the data to determine the
first insight into the data. Initial data collection was
carried out by observation.

4.3.3. Data Preparation

Data preparation comprises all activities to build
data sets that will be included in the modeling tool
from the initial raw data or create a new database for
data mining setups. The stage of designing raw data in
the data set is used for data mining modeling. Data set
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design must adjust to what has been formulated at the
business understanding stage, especially in formulating
data mining objectives, namely describing patterns
(pattern recognition) of relationships between customer
data. The final data set in this phase are the same as in
Table 1.

4.3.4. Modeling

Selection of data mining techniques, algorithms,
and determination of parameters with optimal values is
a must for the modeling stage. Therefore, the modeling
steps are as follows:

1. Select Modelling Technique: The data mining
technique chosen is clustering using the K-means
algorithm. Clustering and K-means algorithms are very
appropriate to achieve the initial goal of this study,
namely, to find knowledge about patterns in customer
data.

2. Build Model: Data mining software is built
using the RapidMiner Studio application program.
Although many data mining tools provide K-means
algorithm features, including Access, Weka, Matlab,
and others, by building clustering modeling with the K-
means algorithm, it is hoped that who can carry out
exploration of the iteration process or the result of
modeling.

3. Assess Model: Different initiation of cluster
centers may result in different final cluster centers.
Even though the initiation of the cluster center in the
K-Means algorithm is determined randomly,
determining the initiation is needed to obtain optimal
final cluster center results. Modeling was done several
times with different cluster center initiations to assess
which modeling resulted in the most optimal final
cluster center.

4. Generate Test Design: Testing test or learning
stage. The clustering technique does not require a
learning stage because clustering is unsupervised
learning and grouping naturally based on the similarity
of its attributes, which is different from other
classification techniques. Testing was carried out with
ten pairs of different cluster center initiation methods.
The most optimal final cluster center will be selected
from the different clusters and produce two cluster
centers from the different clusters.

4.3.5. Evaluation

Evaluation is the interpretation phase of data mining
results. The evaluation is carried out in-depth with the
aim that the results at the modeling stage follow the
targets to be achieved in the business understanding
stage using the k-means clustering method.

4.3.6. Deployment
Deployment is the stage of making reports on the
results of data mining activities.

PerformanceVector

PerformanceV

oid distance: -85.938

Avg. centroid distance cluster 0: -84.913
Avg. within centroid distance cluster 1l: -86.965
Davies Bouldin: -0.697

Fig. 3 Performance vector result

The final report regarding the knowledge obtained
or pattern recognition of data in the data mining
process is presented in graphs or descriptions that are
easy to understand.

4.3.7. Research and Analysis

Based on the K-Means results that have been
searched, the lowest value of Davies Bouldin is
obtained from the value of k = 2.

Based on Figure 3, the calculation results of
Performance are as follows:

1. Avg Value: Within centroid distance of each
cluster is not close to zero, which means that each
cluster member is not nearby.

2. The K-Means (Davies Bouldin) value shows a
value of 0.697; this number means that each object in
the cluster is reasonably good because it is close to
Zero.

A plot view from K-means clustering is formed like
Figure 4.

Fig. 4 Scatter plot

Figure 4 shows a Scatter Diagram of the Clustering
results with the x-Axis attribute age, y-Axis attribute
sex, and z-Axis attribute BMI. Again, two colors can
distinguish, where the blue color is cluster 1 while the
red color is Cluster 2.

5. Conclusion

The classification method, the C4.5 algorithm, is
applied to the insurance data set by calculating the
information resulting in a value of 95.81% +/- 1.30%
and C4.5 decision tree modeling.

The Association method implements the insurance
data set using the Fp-Growth algorithm and the
Association Rule. Search Association rules are carried
out using two parameters, Frequent Item Sets, and Rule
compilation; hence, FP-Growth functions can view
Frequent Item Sets and their parameters. The result of
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the Frequent Item Sets is that there are support values
and items from each existing line. The support value is
shown as the supporting value of the listed set of items.
Meanwhile, in the Association Rules, a confidence
value is used to measure an association’s validity.
When the trust value is equal to or greater than the
predetermined minimum value, the data can be said to
be a good association rule.

In the clustering method, the insurance data set is
implemented using the K-means algorithm, then the
data set is modified because the clustering method can
only accept integer data. From the results of the K-
Means algorithm that has been searched, the lowest
value of Davies Bouldin is the value of k = 2. Then, the
calculation results of the Performance Vector get the
value of Average within the centroid distance of each
cluster does not say the number 0, and the K-Means
value shows a value of 0.697.

6. Suggestion and Limitation

The limitation of the study is the use of the C4.5
algorithm to perform classification; it is necessary to
select the right variables so that the results from the
decision tree are more accurate or detailed. However,
this research can be developed by combining or
comparing other data mining methods for better
prediction results.
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