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Abstract

Hospital information system captures huge data in each hospital database, but currently few knowledge
is produced because of its complexity. Data mining has great potential for exploring the hidden patterns
in complex data sets of the hospital information system. Introduction to data mining will provide hospital

staff understand how data mining discovers and extracts useful patterns from this large data.
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Introduction

In recent years, the increasing volume of health
data and growing of quality demand in hospital make
it necessary to explore the potential of stored data
efficiently, not only the clinical data, in order
to improve diagnoses and treatments, but also on
management, in order to minimize costs and improve
the care given to the patients. Data mining (DM),
which is an integral part of knowledge discovery in
databases (KDD), can provide important benefits to
the health sector, as a fundamental tool to analyse
the data gathered by hospital information systems
(HIS) and obtain models and patterns which can
improve patient assistance and a better use of
resources and pharmaceutical expenses.

DM or data mining is a technology that blends
traditional data analysis methods with sophisticated
algorithms for processing large volumes of dataset.
It is the process of automatically discovering useful
information in large data repositories.” The term is
often used to apply to two separate tasks of
description and prediction. The objective of descriptive
task is to derive patterns - for example trends, clusters,
anomalies - that summarize the underlying relation-
ships among the data. While the objective of predic-
tive task is to predict the value of a particular
attribute based on the values of other attributes- such
as decision trees and neural networks. Traditional data
analysis use standard query tools to answer
questions such as, “How many patients in hospital
readmits within 24 hours?” DM is valuable for more
complicated queries such as, “What are the
important predictors of 24 hours readmission?”

The paper overviews DM concepts and tech-
niques, in order to introduce its developmental
history and how it extracts useful knowledge from
large hospital database system. In addition, a number
of applications of data mining in health care system

are presented.
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Developmental history of DM

DM is a concept emerged in the late 1980s.
But it soon attracted huge interests for research works
with many new and remarkable techniques being
discovered throughout the 1990s. DM has evolved
from a number of different disciplines such as statistics,
machine learning, artificial intelligence, and database
technologies.” The concept of DM is difference from
data warehousing which process is used to integrate
and combine data from multiple sources and format
into a single unified schema. Data warehouse provides
the enterprise with a storage mechanism for its huge
amount of data and develops an architectural model
for the flow of data from operational systems to
decision support environments. On the other hand,
DM is the process of extracting interesting patterns
and knowledge from huge amount of data. However,
DM techniques can be applied on the data ware-
house of an enterprise to discover useful patterns.

DM is also different from statistics although
statistics is required in several DM techniques.
Statistical inference is assumption driven in the sense
that a hypothesis is formed and tested against data.
DM, in contrast, is discovery driven. That is, the
hypothesis is automatically extracted from the given
data.

The use of DM is in a variety of purposes in
both health and other sectors. Industries such as
medicine, banking, insurance, and retailing commonly
use data mining to reduce costs, enhance research,
and increase sales. For example, the insurance and
banking industries use data mining applications to
detect fraud and assist in risk assessment (e.g., credit
scoring). Using customer data collected over several
years, companies can develop models that predict
whether a customer is a good credit risk, or whether
an accident claim may be fraudulent and should be
investigated more closely. The medical community

sometimes uses data mining to help predict the
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effectiveness of a procedure or medicine. Pharma-
ceutical firms use data mining of chemical compounds
and genetic material to help guide research on new
treatments for diseases. Retailers can use informa-
tion collected through affinity programs (e.g., shoppers’
club cards, frequent flyer points, contests) to assess
the effectiveness of product selection and placement
decisions, coupon offers, and which products are often

purchased together.*?

Process of DM

DM can be considered as one step in KDD.
Other steps in the KDD process, in progressive order,
include data integration, data selection, data prepro-
cessing or cleaning, data transformation, data
mining, pattern evaluation, and knowledge presenta-
tion.”’ Various steps that are involved in mining data
are shown in figure 1.

1) Data integration. First of all, the data are
collected and integrated from all different sources.

2) Data selection. Since all the collected data

in the first step may not be needed, in this step, only
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those data which are useful for data mining will be
selected.

3) Data preprocessing or data cleaning. Unclean
data may contain errors, missing values, noisy or
inconsistent data; so different techniques are applied
to get rid of such anomalies.

4) Data transformation. The data, even after
cleaning are not ready for mining as may need to be
transformed into forms appropriate for mining. The
techniques used to accomplish this are smoothing,
aggregation, normalization etc.

5) Data mining. The data are then ready to be
applied data mining techniques, to discover the
interesting patterns. Techniques like clustering and
association analysis are among the many different
techniques used for data mining.

6) Pattern evaluation. This step involves visuali-
zation, transformation, removing redundant patterns
etc. from the generated patterns.

7) Knowledge presentation. Finally, this step
helps user make use of the knowledge acquired to

take better decisions.
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Fig.1 An Overview of the Steps That Compose the KDD Process.
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DM techniques
In the DM process, many techniques are used
for either descriptive or predictive task. The four core

techniques"®

are: associations, mining frequent
patterns; anomaly detection; classification and pre-
diction; and clustering.

Associations, mining frequent patterns

These methods are to discover patterns that
describe strongly associated features in the data.
Useful applications of association analysis include
finding groups of genes that have related functionality,

market basket analysis, etc.

Anomaly detection

Anomaly detection is the task of identifying
observations whose characteristics are significantly
different from the rest of data. Such observations are
known as anomalies or outliers. Applications of
anomaly detection include fraud detection, unusual

patterns of disease, etc.

Classification and prediction

The classification and prediction models are two
data analysis techniques used to describe data classes
and predict future data classes which may be either
discrete or continuous variable. The goal is to learn a
model that minimizes the error between the predicted
and true values of data variables. Some techniques
are decision trees and neural networks, for example,
to judge whether a patient has a particular disease

based on the results of medical tests.

Clustering

Cluster analysis seeks to find groups of closely
related observations so that observations that belong
to the same cluster are more similar to each other
than observations that belong to other clusters.
Clustering has been used to identify group of simi-
larities, characterize patient groups based on pattern

of disease, payer, demographic data, etc.
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Applications of DM in hospital
information system (HIS)

Many health care organizations worldwide have
applied DM to derive knowledge from HIS. Some of
which are described below.

Clinical data

The applications of DM on clinical data are,
detecting adverse events, identifying high risk
patients and improving their outcomes, quality
improvement, and building nursing knowledge.® In
developed countries, the Food and Drug Administra-
tions applies neural network - a useful DM tech-
niques - to collect adverse drug event data in order
to detect when too many adverse events occur or
detect link between drug and adverse event” Too
many adverse events linked to a drug might indicate
drug is too dangerous or health of patient is at risk.

DM is also implemented to identify high risk
patients and consequently, improve theirs outcome.
For example, in diabetic patients, classification tech-
nique on medical data can early detect patients’ com-
plication from their condition attributes.” American
Healthways uses Enterprise miner, a predictive mod-
eling technology from SAS, to identify high risk
diabetic patients to improve their quality of health
care and prevent future health problems.®

To obtain interesting patterns in infection con-
trol data, data mining surveillance system is imple-
mented using association rules on culture and
patient care data. Early recognition of outbreaks and
emerging resistance required proactive surveillance

then are detected.®™

Financial data

To control healthcare cost and improve use of
resources for more efficiently, many health insurance
companies and hospitals implement DM applications
to detecting health care fraud/abuse and predicting

11)

hospital charge."” Fraud detection system can

automatically execute overnight, assigning any fraud
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probabilities to each medical claim.
in Chile in 2003 revealed that approximately 75
fraudulent and abusive cases per month could be
detected from 800 daily medical claims by a private
health insurance company, making the detection 6.6

months earlier than without the system.

Products of DM related software

Because of growing needs on DM applications,
many companies have developed DM products to
the market - for example, Enterprise Miner by SAS,
Kate by Acknosoft, Knowledge Seeker by Angoss,

Business Miner by Business Objects, Intelligent Miner
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by IBM Corporation, Mineset by Silicon Graphics,
DataMind DataCrucher by DataMind, and Drawin by

Thinking Machines Corporation.

Conclusion

Data mining is the process of extracting infor-
mation from large datasets, such as in hospital infor-
mation system, in order to find useful patterns that
can convert to knowledge. An understanding of the
knowledge hidden in the hospital information system
is vital to hospital management team and staff to
lowering health care cost while improving the quality

of patient’s care.
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