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Abstract
The  classification of cancer based gene expression data is one of 
the most important procedures in bioinformatics. Bioinformatics 
is defined as the science of organizing and analyzing the biological 
data. Feature selection plays important role in Classification. 
Generally, cancer dataset have less number of samples compared 
to number of genes (features) involved.  Feature selection is a 
necessary task to be accomplished before classification process, as 
it becomes difficult to train a classifier for a data set having high 
dimensions (features) and hence, cannot give optimum result. It 
has the capability to extract the relevant features smoothly from a 
high dimensional data set having noise; imprecise and redundant 
information. This paper includes experimental study of accuracy of 
the classifiers before and after reducing the features of the dataset. 
To measure the accuracy of classifier, two induction algorithms 
are used: Decision tree and Naïve Bayes.
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I. Introduction
Gene Expression Datasets (GED) are different from other dataset. It 
contains less number of samples in comparison to high dimensions. 
Cancer GED contains data about expression level of same genes of 
normal person and patient who has some kind of cancer. Microarray 
is used for analyzing gene expression data and a database known 
as Gene expression dataset can be built up. The number of copies 
produced of RNA is called expression level of gene. The process 
of measuring gene expression via cDNA microarray is called 
gene expression analysis. Gene Expression analysis is used to 
determine whether the particular gene is expressed or not. In gene 
expression analysis, the expression levels of thousands of genes 
are simultaneously measured.
Classification is data analysis task that maps the data in to 
predefined targets [1]. It is a supervised learning as targets are 
predefined. The aim of the classification is to build a classifier 
based on training samples of dataset. Then, the classifier is used 
to predict the unknown class value of samples based on the values 
of other attributes.
Microarray experiment gives expression level of thousands of 
genes from which all are not affect by the disease. If classification 
is directly performed on original GED, then it will take more 
computation time and gives less accurate classifier because 
some of the genes are redundant and irrelevant to the class label 
(disease). Before performing classification, it requires to remove 
redundant, noisy and irrelevant gene from the GED to achieve 
more accurate classifier with less computation time.
The main aim of feature selection technique is to identifying 
optimal subset of features which relevant to class label. Optimal 
feature subsets contain features highly correlated with the class, 
yet uncorrelated with each other. It is two phase process: (1) 
feature generation and (2) feature evaluation. Subset of features/
Feature is selected from feature space in feature generation stage 
and that subset of features/feature is evaluated using evaluation 

method in second phase. To generate subset of feature various 
methods are used examples Best first search, genetic search, Tabu 
search etc. Various methods are available to measure relevancy 
of subset of features/feature with class value (disease) like 
Information gain, correlation feature selection, wrapper approach 
etc. Main Advantages of feature selection are: (1) It can help 
to improve the efficiency of learning process (2) It removes 
redundant, irrelevant and noisy information from dataset and (3) 
probability of overfitting is increase as the dimensions of dataset 
are increase, so feature selection can help to decrease the problem 
of overfitting [2]. Section II, of this paper describes classification 
with example; Section III, defines feature selection and various 
methods of feature selection, Section IV, defines which dataset 
are used for performing experiment and also defines experiment 
result which are getting through performing experiment in Weka 
3.6 data mining tool.

II. Classification 
Classification is data analysis task, which classify the data based 
on predictor attributes [3]. It is two step data analysis task, 
consisting of model construction and model usage phase. In first 
step, classification algorithms are used to construct a classifier 
or model based on training set. Training set is set of tuples of 
dataset with associated class label. Classifiers are represented by 
classification rules, decision tree, or mathematical formula. In 
second step, testing set is used to measure the accuracy of classifier. 
Testing set is consisting of set of tuples with their associated 
class label, but they are independent of training set means they 
are not used to construct a classifier. If accuracy of classifier 
is acceptable, the classifier can be used to classify the unseen 
data. Unseen data defined as a set of tuples where value of class 
label attribute is unknown. Here weather information dataset is 
considered for performing classification. Shows in above fig. 1, 
Outlook, temperature, humidity, windy are predictor attributes and 
play is class label attribute which is either yes or no. 

Fig. 1: Model Construction
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Fig. 2: Model Usage

Applying classification algorithm on training set of weather 
dataset, it will gives classifier in form of rules i.e. the rule is: 
“If outlook=”overcast” then play=yes”
Testing set is used to measure the accuracy of classification rules 
show in fig. 2. If the accuracy is acceptable then the rules are 
applied on unseen data i.e. the data is:
“If Outlook is overcast, temperature is high, humidity is normal 
and windy is true, then classifier gives play is yes as an output“

III. Feature Selection
Feature selection process, which consists of four basic steps, 
namely, subset generation, subset evaluation, stopping criterion, 
and validation [4-5]. Subset generation is a search process 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. If the 
new subset turns to be better, it replaces best one. This process is 
repeated until a given stopping condition is satisfied.

A. Feature Generation 
Feature generation means to select subset of features/feature from 
the feature space based on generation methods. It can be classified 
into two parts:

Individual Ranking method• 
Subset generation method.• 

1. Individual Ranking Method
Individual Ranking method assigns rank to the each feature based 
on their relevancy value with the class label and select top k 
ranked features. Main advantage of this method is simplicity 
and scalability. Another is, it requires less time for computation. 
The disadvantages are: first, some highly relevant features may 
be correlated with each other thus it will introduce redundancy. 
Second is, Features that are complementary to each other in class 
distinction may not exhibit high individual relevance so, sometime 
it will loss relevant features.

2. Subset Generation Methods
If there are n possible features initially, then there are n2 possible 
subsets. Generations of subset of features are classified into three 
methods:

(i). Complete/Exhaustive Search
In this search, it examines all possible feature subset in feature 
space. The search space is O (2N). This search finds the best or 
optimal feature subset, but it is too expensive. Branch &bound 
etc. is example of complete search.

(ii).  Heuristic Search
In this type of search, guideline is required to select feature. It 
is depends on incremental generation of subsets. Search space is 
smaller and faster in producing results. Sequential forward search, 
Best first search etc. are example of heuristic search.

(iii). Genetic Search
In this search, there is no predefined way to select a feature. 
They are selected randomly. The search space is O (2N), but 
these methods search less number of subsets than 2N by setting a 
maximum number of possible iteration [8]. This procedure would 
require values of some parameter. Good result is depends on the 
value of these parameters given by user. Genetic Algorithm, Tabu 
search etc. follow this strategy [9].

B. Feature Evaluation
Subset of features/feature which generated using generation 
method is evaluated based on evaluation function. Feature Selection 
algorithms are divided into two parts based on the way the learning 
algorithms are used: filter approach and wrapper approach. In a 
wrapper algorithm, the performance of the classifier is used to 
evaluate the feature subsets. In a filter algorithm, some feature 
evaluation function is used to evaluate the subset of features. Many 
feature evaluation functions have been used particularly functions 
that measure distance, information, dependency, and consistency. 
Wrapper methods are usually slower than filter methods but offer 
better performance [10-11].

1. Evaluation Function
Individual Ranking method assigns rank to the each feature based 
on their relevancy value with the class label and select top k 
ranked features. Main advantage of this method is simplicity 
and scalability. Another is, it requires less time for computation. 
The disadvantages are: first, some highly relevant features may 
be correlated with each other thus it will introduce redundancy. 
Second is, Features that are complementary to each other in class 
distinction may not exhibit high individual relevance so, sometime 
it will loss relevant features. 

(i). Distance Measures
It is also known as separability, divergence, or discrimination 
measure. For a two-class problem, a feature X is preferred to 
another feature Y if X induces a greater difference between the 
two-class conditional probabilities than Y; if the difference is zero, 
then X and Y are indistinguishable. An example is the Euclidean 
distance measure.

(ii). Information Measures
These measures determine the information gain from a feature. 
The information gain from a feature X is defined as the difference 
between the prior uncertainty and expected posterior uncertainty 
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using X. Feature X is preferred to feature Y if the information 
gain from feature X is greater than that from feature Y (e.g., 
entropy measure).

(iii). Dependence Measures
Dependence measures or correlation measures qualify the ability 
to predict the value of one variable from the value of another. It 
can be used to find the correlation between a feature and a class. 
If the correlation of feature X with class C is higher than the 
correlation of feature Y with C, then feature X is preferred to Y. A 
slight variation of this is to determine the dependence of a feature 
on other features; this value indicates the degree of redundancy of 
the feature [12-13]. (E.g. correlation based feature selection)

(iv). Classifier Error Rate
The methods using this type of evaluation function are called 
“wrapper methods”, (i.e., the classifier is the evaluation function). 
As the features are selected using the classifier that later on uses 
these selected features in predicting the class labels of unseen data, 
the accuracy level is very high but computation cost is high.

IV. Experimental Setup
First 66.67% samples of original dataset are taken as training 
dataset and remaining 33.33% are taken as testing dataset. Then, 
decision tree and naïve bayes classification algorithms are applied 
on training dataset so it gives classifier as an output. After that, with 
the use of test dataset, accuracy of classifier is measured [15]. Now, 
Feature generation method with suitable feature evaluation method 
is applied on original dataset which gives reduced dataset by 
removing irrelevant and correlated features. After that, Separation 
criteria are applied on dataset to separate training set and test set 
which is obtained after applying feature selection method and 
then classification is performed on training set and the accuracy 
of classifier is measured using test dataset.

A. Experimental Dataset and Tool
Weka 3.6 data mining tool is used for performing experiments 
on following datasets:

1. Colon Tumor Dataset [16]
This dataset contains 62 samples collected from colon tumor 
patients. Among them, 40 tumor patients (labeled as “negative”) 
and 22 normal patients (labeled as “positive”).Each sample is 
described by 2000 genes.

2. Central Nervous Tumor Dataset [17]
This dataset contains 60 Samples, each of which is described by 
7129 genes and class attribute with two distinct value - class1 
(“Survivor”) and class0 (“failures”). Among them, 21 labeled as 
class1 and 39 labeled as class0. Survivors are patients who are 
alive after treatment while the failures are those who succumbed 
to their disease.

3. DLBCL-NIH Dataset
This dataset contains 58 Samples, each of which is described by 
7399 genes. Among them, 32 labeled as cured and 26 labeled as 
fatal.

4. Leukemia (ALL vs. AML) Dataset
In this dataset, there are 72 observations, each of which is described 
by the gene expression levels of 7129 genes and a class attribute 
with two distinct labels—ALL versus AML. Among them, 47 

patients labeled as ALL and 25 labeled as AML.

B. Experimental Result 

1. Colon Tumor
Fig. 3 shows, the comparison of accuracy obtained by applying 
various feature selection method on dataset. Horizontal axis 
shows feature selection method with no. of feature and vertical 
axis display the accuracy that is obtained with particular method. 
Before applying feature selection on this dataset, accuracy for 
naïve bayes classifier is 61.90% and for J48, accuracy is 66.67%. 
For Naïve bayes classifier, highest accuracy is 76.19% obtained 
by applying BFS (best first search) Correlation Feature Selection 
(CFS) or hybrid approach (Ranker Best first search with wrapper 
approach) with no. of feature is 4. For J48 (decision tree) classifier, 
highest accuracy  66.67% is achieved with hybrid approach with 
no. of feature 3, BFS with wrapper, individual ranking method 
with information gain and BFS with CFS. Applying feature 
selection before classification, it will reduce the no. of feature so, 
automatically computational cost will reduced and also increase 
predictive accuracy by removing redundant features.

2. Central Nervous System
Fig. 4 shows, original dataset gives 40% accuracy for J48 classifier 
and 50% for naïve bayes classifier. With the use of feature 
selection, highest accuracy 100% is achieved by applying hybrid 
approach with minimum no. of feature 3 for J48 classifier. For 
Naïve Bayes classifier, highest accuracy 75% is obtained using 
Wrapper approach with no. of gene is 10.

Fig. 3: Accuracy Comparison in Colon Tumor

Fig. 4: Accuracy Comparison in CNS
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Fig. 5: Accuracy Comparison in DLBCL-NIH

3. DLBCL-NIH
Fig. 5 shows, Classifier is built based on training set of original 
dataset, and then it gives accuracy 11.11% for naïve bayes classifier 
and 44% accuracy for J48 classifier. Highest accuracy 88.89% is 
obtained using hybrid approach with minimum no. of 2 features 
for J48 classifier and same accuracy is achieved by applying Best 
first search with correlation feature selection.

4. ALL-AML Leukemia
Shown in fig. 6, for J48 classifier, highest accuracy 87.50% is 
achieved along with any of the feature selection method defined 
in figure. For naïve bayes classifier, highest accuracy 100% 
is obtained by applying BFS with CFS or BFS with Wrapper 
approach.

C. Discussion
Experimental studies shows  that applying feature selection method 
before classification, it will gives more accurate classifier with less 
computation time. With the use of full dataset for classification, 
it gives less accurate classifier and also takes more computation 
time. Applying feature selection before performing classification, 
it will give more accurate classifier in less time. 

Fig. 6: Accuracy Comparison in Leukemia

Comparing feature selection methods, mostly bfs with correlation 
based method give optimal subset. Hybrid method (Ranker bfs 

wrapper) always gives more accurate classifier with less number 
of attributes, but wrapper approach takes more computation time 
compare to other methods.

V. Conclusion and Future Work
The High dimensional dataset always contain more irrelevant, 
redundant and noisy data. If classification is directly performed on 
original cancer GED, then it will give less accurate classifiers and 
decrease the predictive accuracy.  Feature selection is necessary 
preprocessing step for classification to increase the predictive 
accuracy.  In future we will go through following methods to 
improve the accuracy of classifier: First, Apply Individual Ranking 
method on original Cancer GED to select top-k features which 
are relevant to class label. Before applying feature generation 
method, Apply correlation based method on top-k features which 
are selected in previous step to remove redundancy. Then, apply 
best first search feature generation method on those features which 
are getting after performing correlation methods to generate subset 
of features. Now, apply feature subset evaluation approach on 
that subset which is generated by BFS to select optimal feature 
subset. Then, divide the reduced cancer GED into training dataset 
and testing dataset. After separating dataset, Classifier is built up 
based on training dataset and tested using testing dataset. If it 
gives accurate classifier then it will be used to predict the unknown 
class label.
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