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Abstract — Data mining stands as a pivotal tool in healthcare, enabling the
extraction of crucial insights vital for informed decision-making. Its applications span
disease detection, policy formulation, recommendation systems, and personalized
patient profiles. However, the vastness and intricacy of healthcare data pose challenges
in analysis and pattern recognition. This paper reviews data mining techniques,
processes, and tools pertinent to the healthcare sector. It underscores the significance
of accurate data analysis in disease diagnosis, management, and treatment. By
harnessing data mining's potential, healthcare industries can optimize resource
allocation and enhance decision accuracy.
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. INTRODUCTION

Data mining has emerged as an indispensable tool in the healthcare sector,
facilitating the discovery of knowledge and patterns crucial for informed decision-
making. Analyzing vast volumes of health data demands advanced methodologies to
extract meaningful insights. Key applications of data mining in healthcare include
disease detection, prevention, and management, as well as combating fraud in health
insurance and optimizing medical spending. Moreover, it aids in formulating effective
healthcare policies, developing personalized recommendation systems, and creating
patient health profiles. However, the complexity of healthcare data presents challenges
in analysis and decision-making. Data mining techniques such as classification,
association, and clustering play a pivotal role in deriving actionable insights from this
complexity. This paper reviews data mining techniques and tools pertinent to
healthcare, emphasizing the importance of accurate data collection, preparation, and
analysis. By leveraging data mining, healthcare organizations can streamline
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processes, improve patient outcomes, and optimize resource allocation. Ultimately,
the integration of data mining strategies promises to enhance decision accuracy and
reduce unnecessary spending in the healthcare sector.

I DATA MINING PROCESSES

In the healthcare industry, the abundance of data necessitates transformation into
actionable information for effective decision-making. Data mining holds promise in
analyzing complex datasets to extract meaningful insights. The data mining process
involves seven steps, commencing with the selection stage and culminating in
knowledge discovery.

1. S
election: Initial parameters are employed to choose relevant data, marking the
inception of the data mining process.

2.Peprocessing: Unnecessary parameters are eliminated to ensure data cleanliness
and accuracy.

3.Transformation: Data pertinent to the specific problem are modified to
facilitate targeted solutions.
4.Data Mining: This crucial stage delves into the complexity of the data to
uncover valuable knowledge, hence termed as the knowledge discovery phase.
5.Interpretation and Evaluation: The information derived from the data mining
stage undergoes scrutiny and evaluation. This process ensures that the knowledge
extracted from the intricate data is pertinent for informed decision-making.

Data Mining Interpretation /
Fvalation
=
|:| ¥
ik

Knowledge

Fig 1: Application of Data Mining—A Survey Paper.
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. DATA MINING TECHNIQUES IN HEALTH CARE

Data mining techniques are classified into two types: supervised learning and
unsupervised learning. Supervised learning involves a teacher who assists students in
learning. The learning predicts an outcome based on specific parameters. Examples of
such learning include classification and regression. Similarly, unsupervised learning is
a process that does not require instructor. It defines a class of data without his
assignment. A common example is clustering. Table 1 summarizes the supervised and
unsupervised learning. Table 1: Characteristics and strategies for unsupervised and
supervised learning.

Characteristic/

Technique Unsupervised Supervised Learning
Learning
Discover patterns Predict an output
Goal or based on input features
structures in data
No labeled output; Both input and labeled
Input/Output only output data
input data
Training data Unlabeled data Labeled data
Clustering,

dimensionality Regression, classification, object detection

reduction, anomaly
detection

Examples

Evaluation metrics Evaluation metrics typically well-defined
may (e.g., accuracy, F1 score)
be  subjective
Evaluation and context-
dependent

Generally scalable,depending on algorithms
Can be and computational resources
Scalability computationally
expensive for large
datasets

The methodologies of data mining are utilized in broad, complex data to unearth
information within. Methods such as classification, regression, association, and
clustering have been applied for this purpose. The varied classification algorithms
depicted in fig 2 are leveraged for the analysis of diverse diseases.
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Fig 2: Different Data mining models in healthcare .

Clustering

Clustering refers to the process of discovering relationships within the data. Clustering
Is used for a variety of healthcare uses including the following:

Grouping patients of similar profiles together for Monitoring;

Detecting anomalies or outliers in claims or transactions;

Defining treatment groups based on medication or condition;
Detecting activity through motion sensors.

a. Partitioning-based Clustering

Partitioning objects into k number of clusters where each partition
makes/represents one cluster, these clusters hold certain properties such as each cluster
should consist of at least one data object and each data object should be classified to
exactly one cluster. These methods are broadly classified to optimize a targeted
benchmark similarity function such that distance becomes a significant parameter to
consider first. The examples are:

« K-means clustering, (understand K means clustering from here in detail)

« CLARANS (Clustering Large Applications based upon Randomized Search)

b. Hierarchical-based Clustering

Depending upon the hierarchy, these clustering methods create a cluster having a
tree-type structure where each newly formed clusters are made using priorly formed
clusters, and categorized into two categories: Agglomerative (bottom-up approach)
and Divisive (top-down approach). The examples of Hierarchical clustering are:

« CURE (Clustering Using Representatives)

. BIRCH (Balanced lIterative Reducing Clustering and using Hierarchies)
c. Density-based Clustering
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These methods of clustering recognize clusters of dense regions that possess some

similarity and are distinct from low dense regions of the space. These methods have
sufficient accuracy and the high ability to combine two clusters. Its examples include

« DBSCAN (Density-based Spatial Clustering of Applications with Noise)
« OPTICS (Ordering Points to Identify Clustering Structure)
Table 2: Outline of the clustering methods, benefits and drawback.

Methods Benefits Drawback
K-means
clustering.  Simple clustering e Requires number  of cluster in
approach advance
. Efficient e Problem with handling categorical
. Less complex attributes.
method e With non- convex shapemight  be
difficult
o O discover.
e The result of the outliers may differs.
Hierarchical
clusteri |. Implementation is not |. Have cubic time complexity in
ng difficult many cases so it is slower
. Exceptional graphical It allows user to  undo
abilities. decision
. Clustering figures Gaps in between points might
need not to be specify be
difficult to discover
Density
based . Clustering figures Can handle
clusteri need not to be specify | points of different gaps
ng . Unequal shapes can be The more the data, the better the
taking care off. results.
. Complicated data are
easily handles

Association is like finding connections between things to help us make
predictions or get better results. There are two types of association: one is about finding
patterns and the other is about predicting. When finding patterns, we don't need
someone to tell us what to look for. But when predicting, we use a special way of
learning that needs someone to teach us. Association classification has two steps:

i. Set of predetermined classes.

i Analysis of error rate.
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Classification: the data set are known. For example, framework for classification
and prediction of patient’s survivability from the previous knowledge for a period of
years. Software used in classification can learn from the dataset to predict future
occurrence. In classification the datasets features can be classified as low, moderate,
high and very high based on the symptoms of the diseases diagnosed. The forms of
learning used in classification is supervised that involves teachers having known data
label. In healthcare industry, the classification is the most widely used methods for
detection, prediction and optimization.

a. K-Nearest Neighbor (K-NN): This method is simple to use and employs
classification and regression techniques. The output varies depending on whether k-
NN is used for classification or regression. KNN analyzes new data in a database to
determine the optimal subset for accurate prediction. In [1], researchers explored the
use of the closest neighbor approach software to predict heart disease. The research
yielded an accuracy of 97.4% for disease diagnosis, surpassing existing machine
learning techniques.

b. Decision trees(DT) are often used in classification and prediction. It is simple
yet a powerful way of knowledge representation. The models produced by decision
trees are represented in the form of tree structure. A leaf node indicates the class of the
examples. The instances are classified by sorting them down the tree from the root node
to some leaf node[2].

c. Artificial Neural Networks (ANN) .A recent survey of Al applications in
health care reported uses in major disease areas such as cancer or cardiology and
artificial neural networks (ANN) as a common machine learning technique [3].
Applications of ANN in health care include clinical diagnosis, prediction of cancer,
speech recognition, prediction of length of stay [4], image analysis and interpretation

[5] (e.g. automated electrocardiographic (ECG) interpretation
used to diagnose myocardial infarction [6]), and drug development[7]. Non-clinical
applications have included improvement of health care organizational management [8],
prediction of key indicators such as cost or facility utilization [9]. ANN has been used
as part of decision support models to provide health care providers and the health
care system with cost-effective solutions to time and resource management [10].

d. The Bayesian classifier is based on the Bayesian theorem and is
particularly suited when the dimensionality of the inputs is high. Despite its simplicity,
Namve Bayes can often outperform more sophisticated classification methods [11].

e.Support vector machine (SVM) is a nonprobabilistic binary linear classifier
used with both classification and regression problems. SVM s often used along with
NLP methods to analyze text for topic modeling and sentiment analysis. It is also used
in image recognition problems and handwriting digit recognition.Table 3 shows the
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summary of the benefits and drawback of the data mining techniques.
Table 3: Summary of the classification techniques, benefits and drawback.

Techniques

Benefits

Drawback

K-NN

Simple to

implement . Efficient and effective in
training data

Data requires large space for storage in the

database .
Data overfitting. Delay in testing.

Decision Tree

Building decision tree does
not

requires prior knowledge .

Reduces anomaly and assign specific

values to problem. The diversity of

data can easily be processed .

Easy to
understand . Numericand categorical

Only requires one attributes.
It generates categorical output.

Can be unstable because the data are

dependent on the dataset features.

data are only processed .

Support Vector

Machine

than other
It

Improve  accuracy
machine learning classifier .

Expensive to

implement .

Information are easily store on the
entire network .
Fault tolerance . Can learn event to
make decisions .

has a regularization
9 Problem need to be formulated as 2-
parameter lass classification
Uses kernel trick Defined by ¢ . '
Lo Consume time
a convex optimization
problem. Only solve problem of binary numbers
Neural Network Result can be generated
_ with incomplete | Requires  higher processing power
information . Data can have overfitting

Difficult to discover the structure of
the network.

Bayesian Network

Easy to implement Can
handle

continuous and discrete data.

Not sensitive to irrelevant features

. Lesser training data are required

Dependency of the variable might
result in inconsistency of the result .
Computational infeasible unautomated

} DATA MINING TOOLS USED IN HEALTHCARE

Data mining tools assist in the analysis of extensive and intricate data sets by
examining the attributes specified by users to identify patterns of events. These tools
are utilized for tasks such as diagnosing illnesses, making predictions, and managing
diseases to acquire insights and facilitate decision-making. Due to the wide variety of

( 40 )
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software tools available, it becomes difficult to choose the appropriate software to
solve a specific problem[11]. The most popular data mining tools are explained below:

KNIME (/namm/), the Konstanz Information Miner, is a free and open- source
data analytics, reporting and integration platform. KNIME integrates various
components for machine learning and data mining through its modular data pipelining
"Building Blocks of Analytics™ concept.

aWaikato Environment for Knowledge Analysis (Weka) is a collection of
machine learning and data analysis free software licensed under the GNU General
Public License. It was developed atthe University of Waikato, New Zealand and
Is the companion software to the book "Data Mining: Practical Machine Learning Tools
and Techniques".

b. A: R is an open source computational and statistical analysis program. R
software brings enormous benefits to the world of research and development as well as
to the healthcare industry. The software for developing R data mining tools is
FORTRAN, C and R.

¢« KEEL (Knowledge Extraction based on Evolutionary Learning) is an open
source (GPLv3) Java software tool that can be used for a large number of different
knowledge data discovery tasks. KEEL provides a simple GUI based on data flow
to design experiments with different datasets and computational intelligence
algorithms (paying special attention to evolutionary algorithms) in order to assess the
behavior of the algorithms.

d. Orange Data Mining is a set of open- source data visualization  and
analysis tools designed to enable users to quickly explore and analyze large datasets.
This can be especially useful when working with big data and complex databases.

e.Orange Data Mining is a set of open- source data visualization  and
analysis tools designed to enable users to quickly explore and analyze large datasets.
This can be especially useful when working with big data and complex databases.

f. RapidMiner provides data mining and machine learning procedures including:
data loading and transformation (ETL), data preprocessing and visualization,
predictive analytics and statistical modeling,evaluation, and deployment. RapidMiner
IS written in the Java programming language. RapidMiner provides a GUI to
design and execute analytical workflows.

V. DATA MINING APPLICATIONS IN HEALTHCARE

The application of data mining in healthcare promises to advance the clinical
practice of diseases in terms of diagnosis, treatment, prevention, prescription and
optimization of timely delivery to patients with diseases. This. There is big data in the
healthcare sector about patient conditions in terms of diagnosis, treatment and costs
that need to be analyzed to derive meaningful information and knowledge. Data mining
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applications in healthcare are listed below:
1, Effective management of Hospital resource.

2. Hospital Ranking.

3. Better Customer Relation.

4. Hospital Infection Control.

5. Improved Patient care.

6. Decrease Insurance Fraud.

7. Health Policy Planning.

8. Prediction of novel drug targets.
CONCLUSION

This paper provides a comprehensive overview of existing research on data
mining within the healthcare industry. The study begins by examining the contextual
background, definition, and methodologies of data mining, as well as exploring the
various techniques applied in healthcare settings and the associated advantages and
limitations. Data mining tools are employed in the healthcare industry to forecast future
outcomes based on generated information, aiding organizations in making informed
decisions. Various forms of analytics including descriptive, predictive, prescriptive,
and discovery were introduced. The origins and modification of health data were
examined, alongside a review of prior research on the subject. Specific areas of
application for data mining within healthcare were also highlighted.
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