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ABSTRACT 

Text categorization or document classification is one of the 

major tasks in text data mining and information retrieval. 

Many efficient classifiers for text classification have been 

proposed till date. However, the individual classifiers show 

limited applicability according to their respective domains and 

scopes. Recent research works evaluated that the combination 

of classifiers when used for classification showed better 

performance than the individual ones. Our work provides 

description about text classification process and related 

popular classifiers. In this paper, the numbers of approaches 

dealing with combining text classifiers for improving the 

efficiency in the field of text classification are also surveyed. 
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1. INTRODUCTION 
The amount of text available for analysis has increased hugely 

in recent years due to the social networking, micro blogging 

and various messaging/ bulletin board systems. Besides these, 

many articles, news feeds and documents are now available in 

soft copy. An important step in text classification is to classify 

the text documents among some known set of classes/ 

categories. Classifying a document into a specified domain is 

significant because most of other problems in text mining, 

such as text summarization, information extraction, 

discovering semantic relations, etc. only achieve high 

performance/results in a particular domain. 

The task of text mining can be done through two processes: 

Classification and Clustering. While clustering is an 

unsupervised learning approach which aims at grouping a set 

of related data objects into clusters based on some similarity 

or distance measure between them. Classification is a 

supervised form of machine learning aiming at identifying the 

category from a set of categories to which a selected text 

belongs [1]. It is done on the basis of a predefined training 

dataset.  

 

2. TEXT CLASSIFICATION PROCESS 
Text Classification (TC) may be formalized as the task of 

approximating the unknown target function           
      , that describes how documents to be classified, 

according to a supposedly authoritative expert by means of a 

function( ) called the classifier [2]. Here                     

is predefined set of categories and D is a (possibly infinite) set 

of documents. If            (true), then   is called a 

positive example (or a member) of   , while if          

   (false) then    is called a negative example (or non-

member) of   . 

The classification process in itself is a very detailed process 

consisting of various stages [2], [3], [4]. Each stage then has a 

set of methods to choose from depending on the text and the 

given classification problem. 

 The classification process starts by collection of 

documents in different formats like html, web content 

etc.  

 Converting the documents to clear word format 

followed by tokenizing and stemming are parts of the 

preprocessing stage aiming to make the text ready for 

the classification stage.  

 Indexing, also a part of the preprocessing stage, then 

converts the full text document to a document vector.  

 The most important stage is that of feature selection 

involving selection of subset of features important for 

the classification based on some predetermined 

measure. There are various proposed feature selection 

methods for the same.  

 After the feature selection stage, the text is now ready 

to be applied to a feasible classification algorithm, also 

known as “classifier” from among the various 

classifiers proposed till date.  

 The last stage of the classification process measures the 

performance of the classification done. 

 

3. POPULAR CLASSIFIERS 
Classifiers are algorithms for performing the task of 

classification. Various text classifiers have been proposed till 

date. 

3.1 Naïve Bayes Classifiers 
Naïve Bayes Classifiers are simple probabilistic classifiers 

based on the Bayes Theorem [5]. These are highly scalable 

classifiers involves a family of algorithms based on a common 

principle assuming that the value of a particular feature is 

independent of the value of any other feature, given the class 

variable. In practice, the independence assumption is often 

violated, but Naive Bayes classifiers still tend to perform very 

well under this unrealistic assumption and very popular till 

date.  
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3.2 Maximum Entropy 
Maximum Entropy (ME) modeling is a general and intuitive 

way for estimating a probability from data and it has been 

successfully applied in various natural language processing 

tasks such as language modeling, part-of-speech tagging and 

text segmentation [6], [7]. The principle underlying ME is that 

the estimated conditional probability should be as uniform as 

possible, that is, it should have the maximum entropy. The 

main advantage of ME modeling for the classification task is 

that it offers a framework for specifying any arbitrary relevant 

information. But the algorithm which is used to find the 

solution can be computationally expensive if complexity of 

the problem is high. 

 

3.3 Rocchio’s Algorithm 
Rocchio’s classifier is a feedback approach developed using 

the Vector Space Model [8]. The algorithm is based on the 

assumption that most users have a general conception that 

documents should be denoted as relevant or non-relevant. 

Therefore, the user's search query is revised to include an 

arbitrary percentage of relevant and non-relevant documents 

as a means of increasing the search engine's recall, and 

possibly the precision as well, relevance being judged to allow 

the documents to enter a query. It is easy to implement and 

efficient in computation but poor performance when 

proportion of relevant documents in the whole corpus is low. 

3.4 K- Nearest Neighbours 
K-Nearest Neighbor Classification by is a non-parametric 

method for classification and is among the simplest of the 

classification algorithms [9]. It is a method of lazy learning 

because the function is locally approximated and all 

computation is postponed until classification, the output of the 

classification being a class membership. Classification of an 

object is done seeing the commonality among its k-nearest 

neighbors where k is a positive integer. If k = 1, then the 

object is simply assigned to the class of that single nearest 

neighbor. Advantage includes easy implementation and non 

parametric properties but classification process takes long 

time to conclude. 

3.5 Support Vector Machine 
A Support Vector Machine (SVM) is a supervised text 

classification algorithm [10]. The SVMs are different from 

other classification methods because they need both positive 

and negative training set, to seek  for  the  decision  surface  

that  best  separates  the  positive  from  the  negative  data  in  

the  n-dimensional space, so called the hyper plane. The 

document representatives which are closest to the decision 

surface are called the support vectors. SVMs aim to find 

linear separators to solve text classification problems. When 

comparing with Naive Bayes, SVMs show outperformed 

classification effectiveness. Drawbacks of SVMs are that it 

can be applied only to binary classification and problems arise 

in representing documents into numerical vectors. 

4. NEED OF COMBINING TEXT 

CLASSIFIERS 
All the popular classifiers explain in the previous section have 

been proved great in executing their classification tasks, but 

overall no single classifier can be stated as the best or a 

standard model for text classification. This is probably due to 

the fact that each classifier has its particular application or 

working domain or are they limited to a particular kind of data 

for text classification. 

Recent work in this direction was the idea of combining 

various classifiers or performing hybrid approach. This 

approach focuses only on the individual advantages of the 

classifiers discarding their shortcomings and testing if they 

worked beneficially or not. Evaluation studies of all the 

related work were in favor of the combination of classifiers. 

In short, combining classifiers takes into account only the 

gains of using those classifiers that match the needs of the 

classification diminishing each classifier’s individual 

limitations. 

 

5. APPROACHES FOR COMBINING 

TEXT CLASSIFIERS 
Text Classification can be further classified into 

discriminative techniques, like SVMs [10], Decision trees 

[11] and generative or probabilistic techniques related to the 

aspect model like Naïve Bayes [5] and Maximum Entropy [6]. 

When considering combination of classifiers, classifiers 

belonging to the same paradigm can be combined. 

 

Larkey and Croft in [12] propose the combination of three 

classifiers, KNN, Relevance feedback and Bayesian’s 

independence classifiers to be used in the medical domain for 

automatic assignment of ICD9 codes. The task was done first 

with individual classifiers and then with combined to check 

the effectiveness of both the approaches and the hybrid 

approach was concluded better. The performance of the 

classifiers were measured based on document ranks. This is an 

example where classifiers are used for document ranking. The 

approach is of using weighted linear combination. 

Bennett et al. in [13] proposed a probabilistic method to 

combine the classifiers such that the contribution of a 

classifier depends on its reliability. The reliability is measured 

through reliability indicators which are linked to the regions 

where a classifier might perform relatively good or poor. 

Instead of the rank of document, the indicators are based on 

performance of the classifier itself thus making the proposal 

more generalized. 

Grilheres et al. in [14] published detailed study of effect of 

combining classifiers to classify multimedia documents into 

heterogeneous classes. Various combinations are applied to a 

five thousand web pages document of the European Research 

Project Net Protect II and experiment results prove that with a 

prior knowledge on classifiers, better filtering performances 

are possible. The approaches used for combining are both 

voting-based and logic-based. 

Besides the conventional style of linear or voting based 

combination a new technique based on Dampster-Shafer 

theory was proposed by Sarinapakrn et al. in [15].  Their 

main aim is fusion of sub-classifiers since the application is 

towards multi-label classification.  

Dino Isa et al. in their two successive papers [16] and [17] 

have proposed a novel idea as to how meta-outputs of a Naïve 

Bayes technique can be used with SVM and Self-organizing 

maps (SOM) respectively. Bayes formula is used to convert 
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the text document into a vector space where the values denote 

the probabilities of documents towards any class depending 

on the features contained. This is called the vectorisation 

phase of the classifier. It is common to both the classifiers. 

SVM is then applied on this vector space model for final 

classification output. The proposal had improved 

classification accuracy compared to the pure naive Bayes 

classification approach. In [17] the probability distributions 

obtained by Bayes technique are followed by an indexing step 

done through SOM to retrieve the best match cases. SOM is 

similar to clustering of documents based on a similarity 

measure between the documents like Euclidean distance. 

Miao et al. [18] considered very different combination of 

classifiers, namely KNN and Rocchio methods. A variable 

precision rough set is used to partition the feature space to 

lower and upper bounds of each class. Each subspace is 

classified through Rocchio technique. But it fails when the 

arriving document is in boundary region, here kNN is used. 

This presents a new style of combining classification methods 

to overcome each others’ drawbacks. 

A more recent research by K. Fragos et al. in [19] also 

concludes in favor of combining different approaches for text 

classification. The methods that authors have combined 

belong to same paradigm – probabilistic. Naïve Bayes and 

Maximum entropy classifiers are chosen to test on the 

applications where the individual performance is good. The 

merging operators are used above the individual results. 

Maximum and Harmonic mean operators have been used and 

the performance of combination is better than the individual 

classifiers.  

S. Keretna et al. [20] have worked on recognizing named 

entities from a medical dataset containing informal and 

unstructured text. For this, they combine the individual results 

of Conditional Random Field (CRF) classifiers and Maximum 

Entropy (ME) classifiers on the medical text; each classifier 

trained using a different set of features. CRF concentrates on 

the contextual features and ME concentrates on the linguistic 

features of each word. The combined results were better than 

the individual results of both the classifiers based on Recall 

rate performance measure.  

S. Ramasundaram et al. [21] aimed to improve the N-grams 

classification algorithmby applying Simulated Annealing 

(SA) search technique to the classifier. The hybrid classifier 

NGramsSA brought about an improvisation to the original 

NGrams classifier while inheriting all the advantages of N-

grams approach. Feature reduction using    method is used 

but its multivariate value among the n-grams affects the 

performance of the classifier. 

6. CONCLUSION 
Combining classifiers has become a promising research area 

now a day. This paper gives an insight about the various 

methodologies that can be used for combining classifiers. 

Some of the relevant works for each method of combination 

are also discussed. And it is clear that the results obtained 

from the combination of classifiers are much better than the 

results obtained by the same classifiers individually. This 

further gives a boost to the research headed in providing faster 

and more efficient text classification process through 

classifier combinations. 
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