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Abstract- As text data in digital format both in online and offline mode is increasing exponentially nowadays, 

managing and retrieving these documents becomes difficult. Many natural language processing (NLP) such as 

archival, retrieval, query response, information summarization, etc., highly rely on the efficient categorization of 

text documents. This has induced researchers to apply machine learning algorithms to automatically categorize 

documents based on languages and within documents belonging to the same language to devise methods which 

classifies documents based on its context. 'Preprocessing', is the first and foremost as well as an important stage in 

text categorization process which can take more than 50% time or effort of the entire classification process [1].  

Thus the importance of preprocessing has made us to carry out this study which reviews the state-of –the-art 

elements of preprocessing for text classification. This will help other researchers to have a bird‟s eye view of the 

research so far being carried out in this domain and to assist them to propose new methods for text classification. 

Keywords:  Natural language processing (NLP), feature extraction, pre-processing, text classification 

 

1. INTRODUCTION 

Nowadays, as online as well as offline text data is 

increasing drastically, the need to extract only the 

required information from this huge volume of data is 

increasing rapidly this has given rise to a new field 

namely Text Mining which analyses natural language 

text to extract useful information needed for a 

specific purpose. In comparison to numerical data, 

text is unstructured, ambiguous, and difficult to 

process. Text mining includes text summarization, 

text classification and text clustering.  

The goal of text classification is to assign some piece 

of text to one or more predefined classes or 

categories.  

Text classification algorithms try to classify 

documents into a set of pre-defined document class 

based on the content contained in that document. The 

content could be text,  tweets, email, customer 

feedback, emotions, product review etc,. Text 

classification has a wide range of applications 

categorizing news article into various topics such as 

sports, politics, cinema, business etc., reviews for 

predicting customer sentiments, filtering spam mails, 

analyzing the customer  queries  behavior and intent. 

This paper focuses on text classification work which 

falls under two categories namely 

i. Works where the classification task is applied 

only in a particular domain such as industry, 

finance, and medicine, Internet, (analysis of 

email, web pages, websites, and tweets) etc.  

ii. Works on text classification with a specific 

purpose. For example, tweet language 

classification, classification of emotions etc.  

Many machine learning algorithms related to text 

classification use a statistical model, where decisions 

are made following a probabilistic approach. More 

recently deep learning approaches were also applied 

with extremely good results. The input data is 

composed of text fragments that can be viewed as 

simple sequences of words, full phrases or even full 

documents. The text is transformed and some weights 

are assigned to different features of the data. The 

machine learning models are trained on the input data 

and can later be used when given new, unfamiliar 

input.  

 

2. STEPS IN TEXT CLASSIFICATION 

PROCESS 

The various steps involved in text classification are 

illustrated in Fig 1. By applying pattern classification 

algorithms  The text classification process tries to 
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classify a set of given documents into different 

categories. 

Corpus creation is the primary step where 

documents belonging to different categories and 

formats are collected which will be used during 

feature extraction phase and during training and 

testing the classifier. Existence of elaborate text 

corpora will help to improve the results of the 

computer vision methods applied for the text 

classification tasks.  Earlier printed text namely 

books, magazines and newspaper served as the main 

source for the creation of Corpus. But with the 

unprecedented growth of Internet today, the World 

Wide Web with a huge volume of information 

available, has become an indispensible resource for 

corpus creation. As creating one‟s own corpus dataset 

is a very time consuming task in most cases, freely 

available online datasets are widely used by 

researchers. Online corpora are available for English 

language, European languages, Middle Eastern 

language and East Asian languages. Sometimes 

Corpus is tailor made  in accordance with the domain 

under investigation. 

Input Validation ensures that the document contains 

onlytext belonging to the language of study and 

words or sentences which are not valid are simply 

removed before further processing. The words preset 

in the corpus and the features created play a vital role 

and improving  the performance of a text 

classification system. Noisy corpus refers 

to unimportant entities of the text such as punctuation 

marks, text of other languages, numbers, hypertext 

and hyperlinks, etc. Removing these noises from the 

document  

 

would increase the accuracy, as the dimension of the 

feature set decreases. However care should be taken 

to remove these entities only in cases they are not 

deemed to be of any significance. Certain 

applications such as sentiment analysis, emoticons 

such as :),  :P,   are important and as such they should 

not be eliminated. 

 

 

Fig. 1 Text Classification Framework 
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Pre-processing 

A document may contain text in various forms such 

as words, sentences, tweets, multiple paragraphs, 

special characters; emoticons etc.  Preprocessing step 

tries to make this text more meaningful for the 

classification algorithm to process it in an efficient 

way. In other words the goal behind preprocessing is 

to represent each document as a feature vector, that 

is, to separate the text into individual words. 

The preprocessing phase includes various sub-phases 

namely Tokenization Tokenization divides the 

documents into tokens which  is a sequence of 

characters, which excludes white spaces and 

punctuation. Stop words are irrelevant words though 

frequently occurring and which play no significant 

role in classifying the document. So stop words are 

eliminated before further processing. The next step is 

stemming which reduces the words to its stem by 

removing suffixes and prefixes if any. Finally the 

output of stemming is fed to the Morphological 

Analyser, which produces the root word by 

analyzing whether the given stem is inflected or not.  

Section 3 gives an elaborate account on the various 

methods employed by researchers for preprocessing 

text for document classification.  

The next phase is Document representation which 

transforms the whole document into a vector of 

words. Vector space model [16] is the document 

representation widely seen in the literature where the 

collection of n documents is represented as an m x n 

array where each document is a vector of dimension 

m. However, because of its huge dimension and due 

to lack of  correlation with adjacent words, this 

vector cannot be straight away fed to the classifier. 

 Next Feature Selection helps to build a word vector 

of smaller dimension by selecting only a subset of 

terms/words from the original document. Based on 

some feature evaluation metrics such as information 

gain (IG), and term weighing schemes such binary 

term frequency and simple term frequency which 

evaluates the number of occurrences of a word in the 

document etc, A threshold is fixed and if the number 

of occurrence of the word is above this threshold it is 

retained and the remaining words are discarded. 

In yet another representation, each document vector 

is associated with weights reflecting the number of 

occurrences of the terms in the document multiplied 

by the inverse of their frequency (tf x idf).  This 

ensures that, frequently occurring words in a 

document vector though rarely occurring in the entire 

collection are of great significance in classifying 

documents due to its high discriminative power.  

The next step is text classification. Machine learning 

algorithms could be applied for document 

classification. The word vector obtained after the 

feature selection phase could be fed into any of the 

supervised or unsupervised classifiers such as K-

Nearest Neighbor, K-means, Neural Networks, 

Support Vector machine etc., to classify the given 

document into predefined document category.  

This paper aims to present a survey of the work done 

so far under preprocessing of text for classification. 

Though some survey papers could be seen in the 

literature which is still useful to the research 

community, today automatic text classification is 

needed for a wide variety of government, research 

and business needs. This warrants survey of latest 

studies and systematic overview of all the allied 

procedures/ preprocessing techniques other than 

the machine learning techniques which have been 

better addressed in the earlier surveys. 

 

3. A REVIEW ON PREPROCESSING FOR 

TEXT CLASSIFICATION 

Out of various steps involved, this section reviews 

literature related to pre-processing stage alone. The 

text-features that are more representative of the 

different text categories considered are obtained in 

this stage. This phase is the most critical and complex 

process that leads to the representation of each 

document by a select set of features. The corpus 

which is a collection of unstructured data is taken as 

input for this stage. First the text document is split 

into tokens using space as the delimiter. Then stop-

words which are of little or no significance are 

eliminated and then stemmer algorithm or 

morphological analyzer is employed that recognizes 

“stem” words embedded in other words.  

 

3.1 Tokenization 

A document is considered as a string, and using space 

as the delimiter the document is partioned into a set 

of words or tokens. In this process some special 

characters such as punctuation, full stop etc are 

discarded.  The tokenization process is language-

dependent. Below is shown a Tamil text which has 

been split into words. 

இ்திாவின் சேமிக்கு் தக்க் 

அதிக். இ்ிலனயின் க்கபிண் 

சேமித்புத் த்ல தாதுகாக்க 

ச்டி பதாறுத்பு் கடலயு் 

அசுக்கு உப்பது. 
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The example Tamil Text is split into tokens as given 

below. 

„இ்திாவின்„, 'சேமிக்கு்', 'தக்க்', 

'அதிக்',  'இ்ிலனயின்',  'க்கபிண்', 

'சேமித்புத்', 'த்ல', 'தாதுகாக்க', 

'ச்டி', 'பதாறுத்பு்',  'கடலயு்', 

'அசுக்கு', 'உப்பது' 

3.2 Stop Word Removal 

Stop-word removal is a kind of data cleaning which 

tries to eliminate frequently occurring words which 

are considered to have no relevance or significance in 

the text classification process. These words simply 

act like synapses which aid in sentence formation. 

Conjunctions, prepositions, adverbs, articles of 

English language are examples of stop-words. 

 As such, stop-word removal is the important and 

primary step before documents are processed and 

before making queries. Stop-word removal increases 

system performance and speeds processing of text.  

For example, the stop words removed from a Tamil 

document given below is shown in bold face.   

எ்ஜிஆ ்ஆட்சி மிக்திண் 

பதாந்கானாக இரு்து என, சன்ஸ் 

தன்கலன.யின் ட் எ்ஜிஆ ்

நூந்நா்டு விாவின், ஆளு ்

தண்ாினான் புசாஹி் சதசிணா.் 

தன்னா் சன்ஸ் தன்கலன.யின், 

எ்ஜிஆ ்நூந்நா்டு 

விாலபாட்டி, உனக எ்ஜிஆ ்

சதல பிதிிதிகப் ாாடு சந்று 

லடபதந்நது. இதில், மிக ஆளு ்

தண்ாினான் புசாஹி், எ்ஜிஆ ்

தன்கலன. ஆா்ேச்ி ல ச் ்ஏ.சி. 

ே்முக், பேண்லண ாகாட்சியிண் 

முண்ணாப் ச ்லேல துலோமி, 

அத்துன்கனாமிண் முண்ணாப் அறிவின் 

ஆசனாேக ்பதாண்ாஜ், சன்ஸ் 

தன்கலன. ச் ்ஐேி கசஷ், 

கவிஞ ்லமு்து, இனங்லக கன்வி 

அலேே் ்ாாகிருஷ்ண் மற்றும் 

தன ்கன்து பகா்டண.் 

The stop words detected are என, இதில், 

மற்றும் 

In [2] several retrieval techniques and their potential 

in improving Arabic retrieval based on a finite state 

machine. effectiveness were explored.  Three stop 

lists viz, general stop list, corpus based stop-list and 

combined stop list were used to carry out the 

comparative study. The impact of term weighting and 

stop words on Arabic retrieval were compared. In [6] 

stop-words in Arabic language have been removed by 

a method. By using frequency list authors in [3] 

arrived at a list of stop-words from a Gujarati corpus. 

A stop-word removal algorithm based on dictionary 

based approach and its implementation for Sanskrit 

language is explored in [4]. 

In [5], a stop-word removal algorithm for Hindi 

documents is proposed which is based on DFA 

implementation. For DFA implementation, it uses 

json objects which take care of current state, 

accepting state, start state, final state, transitions and 

input characters. 200 Hindi documents consisting of 

movie review data collected from the internet were 

taken as input and the proposed system returns the 

documents with stop-words removed from them.  

Eleven rules were proposed to exhaustively identify 

Gujarati stop words in [7]. The proposed algorithm 

was tested on nearly 600 Gujarati documents and  

results show that the proposed approach is successful 

in categorizing Gujarati documents. 

A new method, called term-based random sampling 

was introduced by the authors in [8] which is based 

on the Kullback-Leibler divergence measure.  This 

measure tells us how informative a term is and 

accordingly a term may be considered to be a stop-

word or not.   

Inter and intra cluster similarity approach has been 

proposed in [9] which try to find words which when 

removed increases the dissimilarity between 

documents in different clusters, and decreases 

dissimilarity between documents within the same 

cluster. 

The authors in [10] developed a Persian information 

retrieval system for which they proposed an 

aggregated method to eliminate the Persian stop-

words. Using part of speech tagging and analyzing 

statistical features of terms, the proposed method 

tries to enhance the accuracy of retrieval and 

minimize potential side effects of removing 

informative terms. The experiment results depicted 

good average precision, and better overall response 

time.  

A general and domain specific stop-word list was 

built by authors in [11] using a new method where 

the information content of a word and its prediction 

capacity is estimated. A word could be a candidate 

stop-word provided it does not have a minimum 

information content and prediction capacity. 

A stop word extraction approach for Chinese 

language based on statistical and information models 
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is proposed in [12]. Based on the probability 

distribution, the statistical model derives the stop 

words and the information model measures the 

significance of a word using information theory. 

Results from these two models are aggregated to 

generate the stop word list. 

3.3 Stemmimg 

Stemming programs are also referred to as stemming 

algorithms or stemmers. The purpose of stemmers is 

to produce morphological variants of a root or base 

word.  For example the words “runs”, ”ran”, 

”running”, are reduced to the root word “run. 

Though earlier, stemmers were developed for English 

language alone [13], the corpus growth of other 

languages facilitated by Unicode resulted in the 

research community to turn their attention towards 

developing stemmers for other languages too. The 

basic idea of some stemming algorithms along with 

their advantages and limitations are tabulated in 

Table 1. 

In Indian languages, the initial work reported was on 

building a Hindi stemmer [14], [15]. In Kannada 

morphology analyzer and generator using tree 

architecture was reported in [16]. A Bengali stemmer 

for spell checking Bengali language was reported in 

[17]. 

The stemming work proposed in [18] uses a 

statistical approach which uses String similarity 

Distance (SD) to stem words of Kokborok language. 

The authors calculated the SD for all the related 

words, and then found the median of the distance for 

all the words and the highest occurring SD from the 

result. Over stemming is observed in some cases. 

And the reason for over stemming has been observed 

due to frequencies of words occurrences. Clustering 

technique has been employed in [19], to stem Bangla 

words. The proposed stemmer analyzes the prefixes 

and suffixes of all the word forms present in the 

document. Then the words having the same root are 

formed into a cluster with the root word as the cluster 

centroid.  

 

Table 1: Stemming Methods; An overview 

 

Algorithm principle Example Advantage Limitation 

Porter‟s 

Stemmer 

algorithm 

 

Removes suffixes to 

form root word 

Removal of various suffixes 

such as ED, ING, ION, IONS 

from the input word. 

Example: 

RELATED, RELATIONS, 

RELATING, RELATIONS. 

The removal od suffix from all 

these word gives the root word 

RELATE.  

It produces the 

best output as 

compared to 

other stemmers 

and it has less 

error rate. 

 

Morphological 

variants produced 

are not always real 

words 

Lovins 

Stemmer 

Makes use of look up 

table. The longest suffix 

from a word id first 

removed and then  

recoded to convert this 

stem into valid words. 
Dropping-> dropp ->drop 

Handles 

irregular plurals 

like mice' and 

'mouse' etc . and 

double letter 

word such as 

dropping‟ which 

has been 

stemmed to  

„drop‟ 

Takes more time. 

Sometimes fail to 

stem correctly as 

not all suffixes are 

present. 

Dawson 

Stemmer 

 

It uses more number of 

suffixes thn Lovins and  

suffixes are stored in the 

reversed order indexed 

by their length and last 

letter 

 more suffixes 

used than Lovins  

and it is fast 

Too complex to 

implement. 

Krovetz 

Stemmer 

First the  plural form of a 

word is converted to its 

„children‟ -> „child‟ It is light in 

nature and can 

If the  document 

size is large , it 
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 singular form and then  

the past tense of a word 

is converted to its present 

tense and the suffix „ing‟ 

is removed 

be used as pre-

stemmer for 

other stemmers 

does not perform 

very effectively. 

N-Gram 

Stemmer 

 

An n-gram is a set of n 

consecutive characters 

extracted from a word in 

which similar words will 

have a high proportion 

of n-grams in common. 

 

Program -> „pr‟, „ro‟,         „og‟,  

„gr‟, „ra,  „am‟ 

It is language 

independent and 

hence very 

useful in many 

applications. 

requires a 

significant amount 

of memory and 

storage for 

creating and 

storing the ngrams 

and indexes 

 

 

An exhaustive study on the stemming methods was 

carried out in [20] and the study revealed that the 

statistical stemmer performance is far superior than 

rule-based stemmers though time consuming. Rule 

dependent stemmer like porter stemmer is good 

choice for English document processing but it is 

language dependent. The study on the various 

stemming methods carried out in [21], revealed that 

each stemmer is better in one aspect and scores better 

than others while lacks in some other aspect. There is 

still scope to design a perfect stemmer that satisfies 

all the requirements. 

A template based stemmer for Urdu language is 

proposed in [22] which removes the affixes and 

infixes from the input text. The results of the study 

prove that maximum matching affix approach could 

be effectively employed to develop a stemmer for 

Urdu language. The authors in [23] presented a 

comparison of various stemming methods and 

concluded that decision based approach is mainly 

applicable for a specific language whereas statistical 

approach is language independent. The authors in 

[24] studied about various stemming algorithms and 

its efficiency on various Indian and Non-Indian 

languages.  

The stemmer based on Brute Force algorithm was 

developed for Punjabi language [25] and a stemmer 

based on Finite State Automata (FSA) method to 

stem the Malayalam words is reported in [26]. 

 

4. CONCLUSION 

In the literature number of works on   stop word 

removal could be seen as elimination of stop words 

would definitely lead to effective indexing in all 

Natural Language Applications. It is almost useful in 

most cases to apply some form of stemming, as it 

leads to  better document summarization as well as 

retrieval. Dictionary based approach, Clustering and 

term frequency are the widely used methodologies to 

remove stop words in all works irrespective of the 

language under study. The survey on stemming 

shows that there only a few works and the stemmers 

proposed are  language specific  and the problem of 

finding the optimal algorithm as well finding the best 

parameters still remains an open problem for 

researchers to explore. 
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