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Abstract 
 
Text classification problem is primarily applied in document labeling. However, the major setbacks with the existing feature selection 
techniques are high computational runtime associated with wrapper-based FS techniques and low classification accuracy performance 
associated with filter-based FS techniques. In this paper, a hybrid feature selection technique is proposed. The proposed hybrid technique 
is a combination of filter-based information gain (IG) and wrapper-based CFS algorithms. The specific purpose for this combination is 
to achieve both high classification accuracy performance (associated with wrapper) at lower computational runtime (associated with 

filter). The proposed IG-CFS technique is then applied to label Quranic verses of al-Baqara and al-Anaam from two major references, the 
English translation and commentary (tafsir). StringToWordVector with weighted TF-IDF method were used for preprocessing the textual 
data while four classifiers: naïve bayes, libSVM, k-NN, and decision trees (J48) were experimented. The overall highest classification 
accuracy of 94.5% was achieved at 3.89secs runtime with the proposed IG-CFS technique. 
 
Keywords: Feature Selection Techniques; Holy Quran; Text Classification Algorithms; AUC; ROC Curve  
 

1. Introduction 

Automated text classification is the systematic way of organizing 
documents automatically into predefined categories [1]. The num-
ber of documents being processed over the years continually in-
creased as a result of the massive technological growth and devel-
opment in the important fields of artificial intelligence (AI) and 
machine learning (ML). With the increasingly demand for pro-

cessing large documents within a short time, automating docu-
ments processing becomes a necessity.  
In the field of machine learning, the specific task is developing 
models that give computing machines the capability of learning 
[2], [3]. Thereafter translates the acquired knowledge learnt into 
decision making automatically.  
Important to text classification is feature selection: a dimensionali-
ty reduction method that helps to reduce the complexity of dimen-

sionality usually associated with text [5]. To optimize the perfor-
mance of the classification algorithms, techniques such as in fea-
ture selection are essentially needed in cleansing and selecting the 
most relevant feature subsets for the experimental work. 
Quran is a unique text and a good source of information with 
78,000 words systematically arranged into sections such as verses, 
chapters, quarters, parts etc., by religious scholars [1]. With such 
great importance and characteristics, features (or keywords) could 

be extracted from the divine text which helps to improve the liter-
acy level of its readers and researchers.  
In addition, there are multiple sources of the Quranic text availa-
ble from the extensive academic works of the religious scholars. 
From such sources are the Quran translations done into almost all 
languages, Quran commentary etc. However, working on these 
sources independently has its setback. For example, the Holy 
Quran translation as a source may not be sufficient for the purpose 

of analyzing the Quranic verses for the labeling task. Thus, there 
is a need to combine the sources while extracting features for the 
classification task. 
However, the existing FS techniques employed for this purpose 
have the limitations of high computational runtime as associated 
with the wrapper-based feature selection algorithms and lower 

classification accuracy performance associated with the filter-
based FS algorithms. In view of this, the study proposes a hybrid 
feature selection technique.  
The proposed technique is a two-step combination of filter-based 
information gain (IG) and wrapper-based CFS algorithms. The 
proposed IG-CFS technique will be used for the purpose of auto-
mating the classification of Quranic verses in chapters two and six 
of the Holy book. The input data (Quranic verses) are automatical-

ly labeled to one of the predefined labels: ‘iman, ibadah, akhlak’. 
In organizing the paper, some related works were reviewed in 
section II while the detailed explanation of the methodology em-
ployed for the experimental work is presented in section III. Sub-
sequently, section IV documented the results while section V 
summed up the research work with recommendations. 

2. Related Work 

The field of Holy Quran study have witnessed quite a number of 
research works among which are: text classification applications 
on the Holy Quran [1], [5], [6], [7], [8], [9]; ontology-based appli-
cations [10], [11], [12], [13]; digitized Holy Quran applications 
[14], [15], [16], [17]. 
From among the techniques that have been widely applied to text 

classification problems, including the Bayes probabilistic ap-
proach [4], decision trees [18], neural networks [19], support vec-
tor machines [20], and k-nearest neighbour [21]. 
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The research work in [29] is based on classifying sonar targets 
using information gain FS algorithm for attribute evaluation. The 
experimental work focused on training networks for the purpose 
of discriminating between the sonar signals. The experimental 
results showed IG attribute evaluation significantly improved the 
classification task.  
A Genetic algorithm wrapper-based feature selection method was 
proposed in [30] for classifying hyperspectral images using SVM 

classifier. The feature selection process involves three steps: creat-
ing the training and testing sets using ENVI software; setting up 
required parameters; running the model. The FS algorithm was 
used to optimize the kernel parameters and feature subsets. 
[31] introduced in their work a feature selection method using 
support vector machine to find dependency between the attributes 
of high dimensional data extracted from UCI data repository and 
then decide the appropriate class attributes values. The results 

showed that the FS method had promising results in the classifica-
tion tasks. In addition, from other research works in feature selec-
tion include but not limited to [32], [33]. 
In this study, a hybrid model is proposed to improve feature selec-
tion process for the Quranic text classification task. Hybrid ap-
proach to feature selection has been successfully experimented in 
classification problems [22] – [25]. The proposed FS technique 
combines information gain filter FS algorithm and correlation-

based wrapper FS algorithm. Both algorithms are often experi-
mented in text classification problems [26]. IG algorithm is simple, 
easy to use and has been effectively employed in classification 
problems [26], [24], [27]. Correlation-based (CFS) is a wrapper 
feature selection algorithm. CFS have also been experimented in 
classification problems [28], [5]. 

3. Method and Experiment 

This study is about applying FS techniques in selecting most rele-
vant features from the Quranic text needed for the classification 
problem. In this paper, three FS algorithms are experimented: IG, 
CFS, and the proposed hybrid technique. The experimental work 
employed four classifiers for classifying the input text to the de-
sired labels.  
The experimental design consists of four steps as shown in Fig. 1. 

The input data are Quranic verses collected from the combined 
sources of Holy Quran translation and tafsir. The resulting com-
bined text data is otherwise termed ‘grouped-data’.  

3.1. Data Acquisition 

The experimental datasets consist of 451 instances (or verses); 286 
verses from chapter two (Surah al-Baqarah) and 165 verses from 
chapter six (Surah al-Anaam) of the Holy Quran. Table 1 shows 

the distribution of the percentage weight compositions of the three 
predefined classes (Iman, Ibadah, and Akhlak) with the experi-
mental datasets. 
 

Table 1: Percentage Composition of Class Labels 

 

Datasets 

 

No of Instances 

Class Weight 

Iman Ibadah Akhlak 

Translation 451 343.0 44.0 64.0 

Tafsir 451 345.0 42.0 64.0 

Trans+Taf 451 345.0 42.0 64.0 

3.2. Feature Generation 

The experimental work is not possible to be performed except 
with features. These features needed are to be first extracted from 
the Quranic texts. To do this, the study employed standard 
StringToWordVector filter tool [5]. 
TF-IDF weighting method is thereafter applied to access and 
measure the degree of relevance of the extracted features. 

Term frequency         is defined as the number of times a given 

term   (word/token) appears in a document   [1,5]. Mathematical-

ly, (       ) is defined as: 

 

            
          

                            
 

(1) 

 
Where 
                             is denoted with: 

                . 
Inverse-Document Frequency (IDF) is a measure of how much 
information a word provides. In other words, IDF is a method of 
evaluating if a term is common or rare across all documents in a 
collection [1,5]. Mathematically, IDF is given as:  
 

            
 

           
 

(2) 

 
TF-IDF could then be given as: 
 
                              (3) 

 

  
Fig. 1: Proposed Framework 

3.3. Feature Selection 

To solve the complexity associated with text, feature selection 

technique is employed. The technique has significant influence on 
the classification process. Three feature selection algorithms are 
experimented namely: IG, CFS, and the proposed hybrid IG-CFS. 
Furthermore, the filter method is less computationally expensive 
in comparison with the wrapper method. The filter method selects 
features independent of the classifiers. This makes the method 
simple, fast, and less computationally expensive. The wrapper 
method utilizes the performance of the classification algorithms to 

evaluate and select the feature subsets. Due to this dependency, 
the method has high accuracy performance but highly computa-
tionally expensive. Thus, to achieve both high classification accu-
racy at lower computational runtime, the study proposed a hybrid 
technique.  
Information gain FS method measures the inter-dependency of the 

extracted features to the class labels. Given variables   and  , the 
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FS method can be calculated as:  
 

                   (4) 

 
     represents entropy of discrete random variable   defined as: 

 

                       

    

 (5) 

 
    represents value of the variable  ,       probability of    over 

all possible values of  y.  

       could as well be defined as:  

 

          

    

            

    

               (6) 

 

      is the prior probability of   ,          is the conditional 

probability of    given   . 

IG is otherwise calculated as: 
 

                    
        

          
        

 (7) 

 
CFS wrapper-based method finds the subsets of features that are 
individually highly correlated with the class but have low inter-
correlation [5]. The method can be calculated using: 
 

    
       

             
 (8) 

 
The experimental work of the proposed hybrid technique follows 

the following steps for the Holy Quran datasets. 

 
Step 1: Input data (Holy Quran verse) 

Step 2: Generate features from input data using StringToWordVector             

and TF-IDF 

Step 3: Feature preprocessing using IG feature selection algorithm  

Step 4: Implement features from (step 3) with the classifiers 

Step 5: Select features from (step 2) using CFS algorithm 

Step 6: Implement selected features from (step 5) with the classifiers 

Step 7: Load the generated features from (step 2) 

Step 8: Iterate (step 3) 

Step 9: Apply CFS algorithm on selected features from (step 8) 

Step 10: Implement resulting features from IG-CFS with the classifiers 

Step 11: Evaluate results 

3.4. Classifier 

In this study, four classification algorithms: nearest neighbor (k-
NN), support vector machines (libSVM), naïve bayes (NB), and 
decision trees (J48) classifiers were implemented using 10-fold 
cross validation method for the labeling task. 
The k-NN classifier is an instance-based learning algorithm that 

has shown to be very simple but effective for text classification 
problem [1,5]. It is a non-parametric method used in classification 
and works by calculating the Euclidean distance between points.  

In classifying a new document  , the algorithm ranks the docu-

ment’s neighbors in the training set, and then uses the class of k 
most similar neighbors to predict the class of a new document 
(also known as majority vote). The Euclidean distance is given as: 
 

                     

 

   

 (9) 

 

Naïve bayes classifier greatly simplify learning by assuming that 
features are independent given class and has proven effective in 
many practical applications, including text classification [1,5]. The 
classifier is a simple probabilistic model based on the Bayes rule 

[5]. Given a class  , the probabilty of a particular document   to 

belong to   is given as: 

 

         
              

    
 (10) 

 
SVM is one of the most widely used and applied classification 
methods. It has been successfully applied to many application 
domains. SVMs are typically used for learning classification, 
regression, or ranking function. The algorithm works by searching 
a seperating hyperplane to seperate between samples with a 
maximal margin [1,5]. The equation for hyperplane is:  

 

        (11) 

 

To classify an unseen document  , the sign of       must be 
known [1]. This is further shown as: 
 

          or           (12) 

 
Decision tree is a way of representing a sequence of rules that 
leads to a class or value. It consists of three fundamentals: root 
node, internal node, and leaf node [5]. The algorithm is a tree like 
structure which classifies an input sample into one of its possible 
classes [1]. In decision tree classification algorithm, each node 
specifies a test to be performed on a single attribute [1]. The goal 

is to create a model that predicts the value of a target variable 
based on several input variables. The data generally takes the 
form: 

                        (13) 

3.5. Performance evaluation 

Accuracy is one of the standard evaluation measures employed to 
validate the classifiers’ results [5]. Given the confusion matrix, 
accuracy is obtained using: 
 

         
     

           
 (14) 

 
In addition, AUC values as a validation method also reflects the 
overall ranking performance of a classifier [5].  

4. Results and Discussions 

The FS algorithms experimented on the Quranic datasets produced 
varying results as shown in Tables 2 to 5. The datasets include: 
QTrans, QTaf, and QTrans+Taf.   

 

Table 2: Classification Accuracy using NB classifier 

 

FS Algo-

rithm 

QTrans QTaf QTrans+Taf 

Time 
ACC 

(%) 
Time 

ACC 

(%) 
Time 

ACC 

(%) 

All Fea-

tures 
- 83.4 - 87.5 - 90.4 

IG 1.30s 91 1.36s 88.3 1.37s 92.6 

CFS 144.1s 91 112s 88.3 155.4s 92.5 

IG-CFS 2.57s 91 3.53s 88.3 3.89s 92.5 
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Table 3: Classification Accuracy using libSVM classifier 

 

FS Algo-

rithm 

QTrans QTaf QTrans+Taf 

Time 
ACC 

(%) 
Time 

ACC 

(%) 
Time 

ACC 

(%) 

All Fea-

tures 
- 84 - 84.3 - 84.8 

IG 1.30s 88.6 1.36s 86.6 1.37s 93.1 

CFS 144.1s 90 112s 89.2 155.4s 94.5 

IG-CFS 2.57s 90 3.53s 93.3 3.89s 94.5 

 

Table 4: Classification Accuracy using Avg. k-NN classifier 

 

FS Algo-

rithm 

QTrans QTaf QTrans+Taf 

Time 
ACC 

(%) 
Time 

ACC 

(%) 
Time 

ACC 

(%) 

All Fea-

tures 
- 83.2 - 84.2 - 84.5 

IG 1.30s 86.9 1.36s 87.5 1.37s 86 

CFS 144.1s 87 112s 90.9 155.4s 89.4 

IG-CFS 2.57s 86.9 3.53s 90.9 3.89s 89.4 

 

Table 5: Classification Accuracy using J48 classifier 

 

FS Algo-

rithm 

QTrans QTaf QTrans+Taf 

Time 
ACC 

(%) 
Time 

ACC 

(%) 
Time 

ACC 

(%) 

All Fea-

tures 
- 82.3 - 85.7 - 84.1 

IG 1.30s 85.7 1.36s 86.6 1.37s 87 

CFS 144.1s 85.2 112s 86.7 155.4s 87.3 

IG-CFS 2.57s 85.2 3.53s 86.7 3.89s 87.1 

 
From the experimental results, the classifiers were implemented 
with the entire features generated from the Quranic datasets as 
well as with the selected features using IG, CFS, and the proposed 
IG-CFS algorithms. The significant influence of feature selection 

on classification algorithms could be seen.  
In explaining how the complexity of text data could affect the 
classification process, the entire features generated were imple-
mented on the classifiers. This had the least classification accuracy 
performance of 82.3% with decision trees J48 algorithm using the 
QTrans dataset.  
Consequently, applying feature selection technique on the feature 
set in reducing the dimensionality produced the overall highest 

classification accuracy of 94.5% with libSVM classifier using 
CFS and the proposed IG-CFS algorithms on QTrans+Taf dataset. 
Although, both feature selection algorithms jointly had the highest 
accuracy result; however, the proposed hybrid technique utilized 
lower computational runtime of 3.89secs in comparison with CFS 
with higher runtime of 155.4secs.  
This explains why wrapper-based FS algorithms (such as CFS) are 
highly computationally expensive to run but however achieve 
better results. Furthermore, the results explained why filter-based 

FS algorithms (such as IG) perform less in terms of accuracy but 
are very simple and easy to run with lower computational runtime. 
To sum it up, the study proposed a hybrid FS technique applicable 
in achieving high classification accuracy performance at less com-
putational runtime. This specific goal as could be seen from the 
experimental results was achieved with the proposed IG-CFS al-
gorithm. In addition, the study further tested the algorithms using 
AUC performance evaluation metric as visualized in Figures 2 to 

5. 
 

 
Fig. 2: AUC results with NB 

 
Fig. 3: AUC results with libSVM 

 

 
Fig. 4: AUC results with k-NN 

 

 
Fig. 5: AUC results with J48 

 
Evaluating the performance of the algorithms with AUC evalua-
tion metric generated promising results as could be seen in the 
above figures. Implementing with naïve bayes classifier produced 
the overall best AUC result of 0.944 with the QTrans+Taf dataset. 
The proposed IG-CFS algorithm consistently had satisfactory 
AUC values across the experimental Quranic datasets.  
The results of the proposed IG-CFS algorithm on the Quranic 

datasets are further visualized in Figures 6 to 8. Employing ROC 
curve together with other standard performance metrics show 
better justifications of the experimental results. 
 

 
Fig. 6: IG-CFS algorithm on QTrans dataset 
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Fig. 7: IG-CFS algorithm on QTaf dataset 

 

 
Fig. 8: IG-CFS algorithm on QTrans+Taf dataset 

5. Conclusion 

Selecting features is an integral phase of classification problems 
such as the Holy Quran verses labeling. A hybrid FS technique 
was proposed and further experimented with classification algo-
rithms. The ultimate goal of the study is to automate the labeling 

of Quranic verses into the predefined classes: ‘iman, ibadah, 
akhlak’. Specifically, the study aimed at achieving high classifica-
tion accuracy at less computational runtime with feature selection 
algorithms experimented.  
The input data (Quranic verses) were normalized while infor-
mation gain, CFS, and the proposed IG-CFS algorithms were 
adopted and experimented in the classification task. 
Subsequently, the experimental results were validated using stand-

ard metrics and the proposed IG-CFS achieved the overall best 
performance of 94.5% accuracy result and AUC value of 0.944 at 
a lower computational runtime of 3.89secs. In addition, the exper-
imental results of the proposed FS technique were further visual-
ized using receiver operating characteristic curve. The experi-
mental results have shown that the feature selection algorithms 
employed in the proposed approach had significant impacts on the 
classifiers implemented in the verse classification task. 
Conclusively, the research study aims at extending the experi-

mented hybrid FS technique to other classification problems. 
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