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Abstract

Classification is the process of finding a model that describes and distinguishes data classes and finds the target class label.
Practical classification problems require selection of a subset of attributes or features to represent the patterns to be classified.
The feature selection process is very important since it selects the most suitable features to be used in the classification
process. This is due to the fact that performance of the classifier is sensitive to the choice of the features used to construct a
good classifier from small or high dimension data that are inherently noisy. Heart disease is one of the leading causes of death
worldwide, according to estimation of WHO factsheet .Correct diagnosis at an early stage followed by right continual
treatment can result in significant lifesaving however due to many factors related to heart disease automation of the medical
diagnosis process can assist medical practitioners to effectively diagnose the disease. In this paper a survey of feature selection
methods for heart disease diagnosis is presented: and different of techniques are briefly explained and compared finally several
proposals on feature selection in heart disease diagnosis are made.
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1. Introduction

Cardiovascular diseases (CVDs) are currently the number one cause of death globally (WHO,2017) and in Kenya
Cardiovascular issues such as heart attacks are the number one cause of death in adults over 30.However, the trend of the disease
is fast shifting to the youth as more young people are diagnosed with heart conditions. At least 60 per cent of patients who go to
hospital with heart attacks are between 20 and 30 (Merab, 2016). Medical diagnosis is an essential yet difficult task that needs to
be effected accurately and efficiently. The computerization of medical diagnosis is exceptionally advantageous. A classification
system can assist the physicians to examine a patient . The system can predict if the patient is likely to have a certain disease.

This paper explores the different feature selection techniques which are used to reduce features, in order to improve accuracy
of classification techniques in health care field to aid in the prediction of heart diseases. These techniques provide unseen patterns
which can be used for disease diagnosis in the healthcare data. Feature selection techniques are effective approaches to the latest
and high dimensional data. The relevant features’ obtained which lack noise will improve disease diagnosis in the healthcare
industry. Feature selection techniques like Correlation Feature Selection, Information Gain, Relief, and Genetic Search are used to
choose the most relevant features from the high dimensional feature set.

The rest of the paper is organized as follows: in section 2 we provide an introduction to feature selection frameworks and
different feature selection techniques as well as a comprehensive comparison between them; section 3 briefly introduces several
feature selection research works for heart disease prediction. Finally we draw conclusions and recommendation in section 4.

2. Feature Selection

A realization to use data mining tools more effectively is through data processing, most researchers and practitioners had
realized this fact too (Sindhiya and Gunasundari, 2014). Feature selection is one of the essential and commonly used methods in
data preprocessing. Computation of the result by using the entire feature set may not always give the greatest result because of
redundant and irrelevant features, also referred as noisy features. To remove these redundant features, it is essential to use a
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feature selection algorithm which selects a subset of the most important features from the original set by removing the irrelevant
features for a simple and yet accurate data set . By reducing the unwanted and irrelevant features it is probable to reduce the size
of the data set. This is valuable as it increases the classification accuracy and reduces the computational cost and also it removes
the risk of over-fitting (Sindhiya and Gunasundari, 2014).

There exist plentiful applications of relevant feature selection techniques in the healthcare industry. Filter methods, wrapper
methods, embedded and hybrid methods are some of the popularly used techniques used for variable selection.

3. Feature Selection Framework

As presented by (Hany and Abeer, 2014) a typical feature selection process consists of four basic steps namely, subset
generation, subset evaluation, stopping criterion, and result validation. Subset generation is a search procedure that produces
candidate feature subsets for evaluation based on a certain search strategy. Each candidate subset is evaluated and compared with
the previous best one according to a certain evaluation criterion. If the new subset turns out to be better, it replaces the previous
one. The process of subset generation and evaluation is repeated until a given stopping criterion is satisfied, then the selected best
subset usually needs to be validated by prior knowledge or different tests via synthetic and/or real world data sets.
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Figure 1.The feature selection Process

4. Existing Feature Selection Techniques

Feature selection can be found in many areas of data mining such as classification, clustering, association rules, and
regression. Feature selection algorithms designed with different evaluation criteria broadly fall into three categories as stated by
(Ladha and Deepa, 2011).the filter, wrapper, and hybrid models.

4.1 Filter Models

It is one of the ancient methods of feature selection. In variable selection using filter approach, filtering of features is done
before the implementation of any learning algorithm. It ranks features based on a certain evaluation criteria (Tang et al., 2014). As
it is not dependent on the classifier applied, it tends to give varied performance on prediction.

According to (Hammon, 2013) Filter type methods select variables regardless of the model. They are based only on general
features like the correlation with the variable to predict. Filter methods suppress the least interesting variables. The other variables
will be part of a classification or a regression model used to classify or to predict data. These methods are particularly effective in
computation time and robust to overfitting. However, filter methods tend to select redundant variables because they do not
consider the relationships between variables. Therefore, they are mainly used as a pre-process method.

Filters have been identified as having an ability to operate using two approaches: features can be ranked using some predictive
scale “ranking method" or, they can be determined by the process of maximizing a determined cost function space search
method". Ranking is the more common approach in which, the optimal subset is achieved by picking the high ranked features and
eliminating the ones that are low in the rank. The ranking approach is in four steps: 1) determining a scoring function for ranking
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the features from the most predictive to the least predictive; 2) approximate the statistical significance scores; 3) picking out the
highly predictive features; and 4)validate the determined feature subset (Tang et al., 2014).

The space search approach is achieved in three steps: 1) determine the cost function that needs to be optimized; 2) determine
the feature subset that optimizes the cost function using an optimization algorithm; and 3) validate the determined feature subset
(Tang et al., 2014).

These methods give fast and efficient results on execution. Consequently, they are preferred for voluminous databases over
wrapper methods. The limitation of these approaches is that they ignore interaction among classifiers and dependency of one
feature over other and may fail to select the most ‘‘useful” features (Tang et al., 2015).Some of the filter selection Techniques are
Correlation-based Feature Selection (CFS), Principal Component Analysis (PCA), Gain Ratio (GR) attribute evaluation, Chi-
square Feature Evaluation, Fast Correlation-based Feature selection (FCBF), Information gain, Euclidean distance, itest, Markov
blanket filter.
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Figure 2 Filter subset selection approach (Hall, 1999)

4.2 Wrapper Methods

Wrapper methods does selection of features by giving due consideration to the learning algorithm to be used. Wrappers
process is in three steps: 1) searching for the feature subset from a collection of all the generated subsets; 2) determine the
accuracy of the chosen subset with the selected classifier; and 3) iterating the first and second steps until the anticipated level of
performance is attained (Tang et al., 2014) The selection process in the classifier is hidden; that is the feature evaluation cross
validation as seen in Figure 3.

Step one produces the subsets whose performance is given by the classifier before being returned to search stage for the next
iteration. The process is terminated when a feature set with the highest performance is determined. The process is illustrated in the
Figure 2.

According to (Shyamala et al., 2008) Wrapper methods generally result in better performance than filter methods because the
feature selection process is optimized for the classification algorithm to be used. However, wrapper methods are too expensive for
large dimensional database in terms of computational complexity and time since each feature set considered must be evaluated
with the classifier algorithm used. Some common examples of wrapper methods are forward feature selection, backward feature
elimination, recursive feature elimination and genetic search.

4.3 Embedded Methods
In embedded feature selection approach, search is usually guided by the learning process. This approach, also known as nested

subset method (Shahana and Preeja 2016), usually measures the ‘‘usefulness” of feature subsets and performs feature selection as
a part of the training process (Guyon and Elisseeff, 2003). They usually work according to specific learning algorithm which helps
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in optimizing the performance of a learning algorithm. This method make better usage of available data and provides faster
solution as they do not require splitting of training data into training set and validation set. They are computationally inexpensive
and less prone to over-fitting than wrapper techniques. Moreover, the computational

Complexity of embedded methods is better than wrapper methods. The major limitation with these methods is that it takes
decisions depending on the classifier. Hence, selection of features can be affected by the hypothesis that the classifier makes
which might not work with some other classifier (Hira and Gillies, 2015)

According to (Sandri and Zuccolotto, 2006) Common embedded methods include various types of decision tree algorithms:
CART, C4.5, random forest, but also other algorithms (e.g. multinomial logistic regression and its variants as presented by
Cawley et al., (2007).

4.4 Hybrid Method

In recent times, it is one of the widely used approaches used by the researchers for applying feature selection technique (Jain &
Sigh, 2018). The method aggregates one or more approaches together to take advantage of the merits of different approaches to
get optimal results. These methods usually achieve higher accuracy compared to wrapper methods and high computational
efficiency compared to filter methods.

5. Related work on Feature Selection Techniques for heart disease prediction

Anbarasi (2010) carried out a work of efficiently predicting heart disease with reduced number of features that contribute more
towards disease prediction, an original dataset of 909 records with 13 attributes was used the number of attributes was reduced to
6 using genetic search, the reduced data was then fed to 3 classification models, K fold cross validation was used as the test
mode, the diagnosis attribute is the class identifier with the value buff indicating no cardiac ailments and value ISCK indicating
presence of cardiac ailments.

Observation exhibit that the decision tree outperforms other two data mining techniques after incorporating feature subset
selection but with high model construction time. Naive bayes performs consistently before and after reduction of attributes with
the same model construction time classification via clustering performs poor compared to the other 2 methods. With this model
inconsistencies and missing values were resolved before model construction but in real time that was not the case, also the
intensity of the disease based on the results was unpredictable

Khemphila et al., (2011) proposed a Heart disease Classification using Neural Network and Feature Selection, which
introduced the multi-layered perception and Back Propagation algorithm. Here they used information gain where the neural
network was used to classify the diagnosis of patients. It improved the classification accuracy. The output of this attained an
accuracy of training data set as 89.56% and validation data set as 80.99%.

Jabbar et al., (2011) proposed a new algorithm which combines the concept of sequence numbers and clustering. The approach
consisted of two major steps: transforming the medical data into binary and applying the proposed method on binary transactional
data, they called the algorithm cluster based association rule mining based on sequence numbers. The entire database was divided
into partitions of equal size each partition was called a cluster each cluster was considered one at a time by loading the first cluster
into memory and calculating the frequent item set then the second cluster was considered similarly and calculating frequent item
sets. To assess the efficiency of the algorithm they implemented the algorithm in C language on Pentium 4 processor the result
showed that the algorithm performed better than other algorithms. This approach reduced main memory requirements since it
considers only a small cluster at a time and it is scalable and efficient.

Jabbar et al., (2012) introduced prediction of risk score for heart disease using AC and hybrid feature subset selection. They
classified the heart disease data and prediction of the disease by applying feature subset selection measures. Information gain
symmetrical uncertainty and genetic search were applied to select the common attributes which contribute more towards the
prediction of heart disease which indirectly reduces the number of diagnostic tests. The following attributes were used: Age,
Gender, Bpsystolic, Bpdiastolic, Thalach, Hypertension, Ldlcholesterol, Hdlcholesterol, Serum cholesterol, Serum triglycerides
and Rural/urban.

Class association rules were generated using information centric attributes from the training data set, the generated rules were
used to build the classifier. The accuracy of the classifier was measured, accuracy equals to number of object correctly classified
over the total number of objects in the test data. The accuracy of the proposed method was evaluated on 14 data sets from UCI
using 10 cross fold validation. From the experimental results it clearly showed that the relevant attributes identified by various
feature subset selection approaches have indeed improved classification accuracy. In few cases the classification accuracy reduced
marginally but most of the cases results show employing feature subset selection enhanced the classification accuracy.

4 | August, 2018: Vol. 1, Issue 1




INTERNATIONAL JOURNALS OF ACADEMICS & RESEARCH ISSN: 2617-4391 www.ijarke.com
IJARKE Science & Technology Journal

Deepali (2014) proposed a work for heart disease diagnosis using Information Gain and Adaptive Neuro-Fuzzy Inference .The
information gain method was proposed to calculate approximately superiority of each one attribute by means of the entropy by
estimating the differentiation among the prior entropy and the post entropy. The information gain method is one of the simplest
attribute ranking methods and is frequently used in text categorization. The study found that the accuracy for the proposed
approach is 98.24% compared with other methods.

Chai et al., (2014) designed prediction workflow and used WAC to classify the risk level of CVDs. Experiments results
indicated that WAC is more suitable for CVDs prediction with better accuracy and understandability comparing with C4.5 and
CBA. Beyond that, intelligent early warning mechanisms were also designed. The instantaneous risk early warning mechanisms
based on fuzzy logic technology was able to timely monitor physiological parameters mutation, which can prevent the occurrence
of acute disease; Long-term statistical early warning mechanisms based on WAC classification rules can help patients to control
chronic disease and to help doctors with diagnosis and clinical supervision. So, the study is of definite significance to help control
risk level of CVDs patients.

Prassanna et al., (2015) proposed SACHDP methodology for heart disease prediction, he used AC mining over landmark
window of data streams the work was organized as follows: Generating rules from AC mining and Pruning the rules using chi-
square and testing and arranging the rules to form a classifier. He used a novel data structure called prefix streaming tree to hold
the data stream, frequent item set mining was done over streams stored in PS tree and all the frequent item sets satisfying the
minimum support were found .Rules of type items R->C satisfying minimum confidence were extracted, all redundant rules were
pruned using chi-square statistical measure, the set of rules found were placed in a classifier by arranging them in order based on
their confidence and support.

Data set was taken from UCI repository, 13 categorical attributes were used, all non-categorical attributes were converted to
categorical attributes and all the missing, and noise data were processed using weka tool. Experimental results showed that
SACHDP helps in better prediction of unseen heart disease data gave consistent results when compared with existing techniques.
The performance of this method was evaluated on 5 medical data sets by comparing it with traditional associative classification
approaches. This approach reached more than 10% improvement when compared with other approaches. SACHDP reached the
best accuracy, so the proposed algorithm performed better than traditional classification algorithms. SACHDP even takes less
runtime for classification.

Kavitha & Kannan (2016) proposed A framework for the easy prediction of the heart disease. The framework was created by
using the principal component analysis (PCA) to extract the features and mathematical model was computed to select the relevant
features using the relevant constraint. This work helped in improving the efficiency, accuracy and speed of the process. This
framework can further be applied in the applications such as information retrieval, image processing and pattern matching.

6. Conclusions and Recommendations

Heart disease is a major cause of death worldwide and the lack of proper diagnosis measures and close monitoring and
continuous treatment of a patient with such a condition can lead to death. So feature selection to improve on classification
accuracy is a vital task in the medical field.

This paper presents a survey on various feature selection techniques which can be very helpful for rigorous analysis for quick
disease diagnosis and. Several efficient feature selection techniques have been developed in the literature according to different
principles. While feature selection is a well-developed field, scholars are focusing on coming up with new and unique methods to
improve effectiveness of the learning machines. This paper demonstrates that there is a need to inform healthcare professionals of
reliable feature selection and classification techniques that can effectively be applied on medical databases for the early and proper
detection of diseases.

This review of the feature selection methods illustrates the fact that a particular feature selection algorithm plays a very
important role for accurate classification of heart diseases. It is observed from the survey that the filter method is computationally
more efficient and provides better generality than other methods. Wrapper and embedded approach should however be used when
there is a need to find optimal feature subset personalized to a particular learning algorithm. This paper reveals that the current
progression in research is found in hybrid feature selection techniques that can be applied on heart disease datasets to remove
irrelevant and, noisy features. Hybrid approach takes advantage by combining the merits of 2 or more techniques. Unfortunately,
there are not ample empirical works that make use of hybrid approaches for heart disease prediction. Hence, further studies and
research of these approaches are required to be applied on disease datasets. The study has also revealed that most of the research
works done use online available dataset for heart disease prediction which may not give a true picture of the features used for
diagnosis of the disease this paper further recommends that real fresh data to be collected from hospitals and comparisons of
model accuracy to be done between real collected data and online data.
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