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Abstract: Classification is the process of attempting to identify, which category or label a particular object
belongs to, based on a training set. An object is observed for particular features and based on the values of
those features the object is categorized or classified accordingly. An algorithm or model that implements this
classification of objects is called a classifier. Classification is considered to be part of supervised learning,
where a collection of correctly categorized objects is already available.Certain methods are used to classify
questions. This study will describe in detail the methods that have been identified by previous studies for the
classification of questions. These methods are organized into several sections. The machine learning
approaches, the statistical approaches, the Structural Induction method and the Rule-Based approach.
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INTRODUCTION The  IR-based  question  answering  systems  try  to  find

The purpose of questions classification (QC) is to of documents, usually from the web and finding a
guess the type of entity that a question, which is written segment of text which is likely to be the answer to that
in natural language, belongs to by classifying the question [1].
question under a category selected from a set of A question is normally a concise piece of text [2] in
predetermined categories. For example, for the question the form of an oral question or a direct query [3]. A
“What London street is the home of British journal?” the significant difference is that questions classification
function of questions classification is to allocate the presents the issue of handling short sentences, unlike text
“Location” label to this question in view of the fact that documents and hence, less information is available on
the answer to this question is a named entity belonging to each question that occurs [4-8]. Many classification tasks
the “Location” type. The questions classification is also result in poor accuracy when it comes to dealing with
known as answer type prediction signifying that the type short portions of texts & Web postings, blogs & news
of the answer is predicted. The set of predefined feeds, product reviews and book & movie summaries
categories, which are considered as question classes, are because of sparseness data [9].
usually called questions taxonomy or answer type However, the classification of questions is similar to
taxonomy.  Questions  classification  is   a   vital  element text classification, but the former requires training data
of  question  answering  systems  and  a significant and test data consisting of questions (short texts) and is
amount of research has been conducted with regard to it smaller in size compared to the larger and longer text
over the past ten years [1]. Question Answering (QA) classification.
systems  are  able  to provide the exact piece of
information in response to a question. An open domain Methods of Question Classification: The automatic
question answering system should be able to answer a classification of question has been a very critical area of
question written in a natural language, just like a human. research over the past couple of years. Certain methods
Recent studies on open-domain  QA  systems  are are used to classify questions; Figure 1 shows the
typically based on Information Retrieval (IR) techniques. methods for questions classification.

the answer  to  a given question by processing a corpus



Middle-East J. Sci. Res., 24 (5): 1724-1731, 2016

1725

Fig. 1: Methods of question classification 

Fig. 2: Process of text classification overview Yadav et al. (2013) used the Naïve Bayes machine

Machine Learning: Machine learning-based text classification of questions. Their proposed Naive Bayes
classification is a very popular research area since it has algorithm proceeded by finding out the feature vectors
proven to be very effective and more dynamic than rule- associated with each category.These feature vectors
based methods [10]. Figure 2 gives an overview of the text included common terms occurring in questions pertaining
classification process. to one particular category expressed in terms of their

Traditionally, the field of machine learning has been weight or relevance in particular questions. It was found
divided into three broad categories or learning paradigms: that the accuracy increased with a rise in the number of
supervised, unsupervised and reinforcement learning. training data and in order to speed up the calculation of
These are defined as follows: Supervised learning: the weight, the weights and terms were saved in the
Supervised learning involves learning a function from a MySQL database. In addition, an index was provided to
training set of pairs of inputs and corresponding further improve the ease of retrieval, thus reducing the
outputs.Unsupervised learning: In the unsupervised classification time.
learning paradigm, the goal is to learn patterns and Employing the same taxonomy, training and test data
interesting structures directly from the input, without as [12, 13] conducted several experiments with regard to
knowing the corresponding outputs.Reinforcement the classification of questions. In a preliminary
learning: In reinforcement learning, an agent learns how to experiment, different machine learning methods were
act in a given environment by means of maximizing a compared with regard to the issue of question
reward function.Semi-supervised learning is another classification. The Nearest Neighbours (NN), Naive Bayes
learning paradigm that lies somewhere in the middle of (NB), Decision Trees (DT), Sparse Network of Winnows
supervised and unsupervised learning. This learning (SNoW), SVM. The features that were pulled out and fed
model uses both labelled (although very few) and as input into the machine learning algorithms in the
unlabelled data for training [11]. preliminary experiment were bag of-words and bag-of-n

There are several machine learning-based text grams (all uninterrupted word series in the questions).
classification   algorithms   such   as   Naïve   Bayes  (NB), Binary feature vectors were used to denote the questions.
k-Nearest Neighbours (KNN), support vector machines The classifier indicated that the bag-of-n grams features
(SVM) and neural networks that are widely used among were slightly more accurate by 5.8% than the bag-of-

researchers. These will be further explained in the next
section.

Naive Bayes (NB): A supervised learning algorithm
known as the Naïve Bayes classifier has been used
extensively in many applications involving classification
tasks, where it achieves state-of-the-art results despite its
simplified naive assumptions.

learning method in their study on the automatic
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words features. When the Naïve Bayesian classifier was The highest performance was achieved using the k-
trained on 5,500 examples of labelled questions, the
results indicated that it performed well on the whole when
it came to questions classification, producing an accuracy
of 83.2% in the coarse grain category using the bag-of-n
grams features.

Rish (2001) proposed a Naïve Bayes machine learning
algorithm for a question and answer system and found
that the problem with this technique was the unrealistic
independence assumption. His purpose was roughly to
understand the data attributes which influence the
performance of the Naive Bayes.. Ultimately, they gained
a better understanding of the effect of the independence
assumption on classification and employed it to develop
better approximation methods for learning effective
Bayesian net classifiers and for probabilistic inferences,
such as for locating maximum-likelihood tasks.

K-Nearest Neighbour (k-NN): The k-Nearest Neighbour
(k-NN), which is a classifier that is based on examples, is
also described as lazy learning because it postpones the
decision on the making of generalizations beyond the
training data until every new query occurrence has been
located.

Khamar (2013) carried out a study on the
classification of short texts by means of the k-NN
according to the distance function, whereby a comparison
was made of different algorithms such as the Support
Vector Machine, Naive Bayes, k-Nearest Neighbour and
so on. The results indicated that the k-NN was more
accurate than either the Naive Bayes or the SVM
algorithm. The k-NN algorithm is determined by the
distance function and the k-Nearest Neighbour value. The
Euclidean distance function is used in the conventional k-
NN, but the drawback of this function is that should any
of the input features have a fairly large range, then it can
suppress the other features.

Abduljabbar and Omar (2015) proposed a new
method to classify exam questions automaticallyaccording
to the cognitive levels of Bloom’s taxonomy by
implementing a combination strategy based onvoting
algorithm that combines three machine learning classifiers.
In this work, several classifiers are takeninto
consideration. The classifiers are, Support Vector
Machine (SVM), Naïve Bayes (NB) and k-
NearestNeighbour (k-NN) that are used to classify the
question with or without feature selection methods,
namelyChi-Square, Mutual Information and Odd Ratio. 

NN approach on macro F1-measure (80.82) and the worst
performance was obtained with the NB classifier (74.95)
when the application performed without any feature
reduction method use. Because k-NN is a simple non-
parametric, the experiments showed that it is an effective
classifier in the field of short text classification leading to
a higher result than other approaches.Then a combination
algorithm is used to integrate the overall strength of the
three classifiers (SVM, NB and k-NN). The classification
model achieves highest result through the combination
strategy by applying Mutual Information, which proved
to be promising and comparable to other similar
models[14,15].

Support Vector Machines (SVM): Vladimir Vapnik and his
team members developed the Support Vector Machine
(SVM) in the early Nineties [16, 17]). This is a well-known
supervised learning algorithm that has been very
successfully applied to many problems concerning
classification tasks, such as text classification [18] and,
more recently, questions classification [13].

Solorio et al. (2004) introduced a simple language
independent method for questions classification,which
makes use of lexical characteristics and the Internet to
train the Support Vector Machine classifier.

Bullington et al. (2007) demonstrated the successful
use of support vector machines (SVM) in the
classification of open-ended questions, which can be sub-
divided into categories according to the format and
content of the predicted response. An open-ended
question can be defined as a question that calls for a
carefully considered answer. Such questions are often
asked by interviewers, marketers and instructors in order
to elicit as much information as possible from an
individual.

Zhang and Lee (2003) employed the Support Vector
Machine in their study on questions classification. They
suggested the use of a special kernel function, known as
the tree kernel, to facilitate the SVM in exploiting the
syntactic configuration of questions. The tree kernel
gauges the similarity between two syntactic trees by
counting the number of tree fragments that are present in
both syntactic trees.

Hacioglu and Ward (2003) used a machine learning
approach for question classification with the aim of
replacing their regular expression-based classifier with
one that learns from a set of labelled questions. They
discovered that a lot of time was needed to generate a
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prolific collection of patterns and keywords for an speech labels [25]. Certain text classification algorithms
extensive coverage of questions for application in an
open domain. Their reason for using support vector
machines was because they had been used with success
to solve many benchmark problems.On comparing the
results of this experiment with those of a similar
investigation by [12], it was discovered that this method
has great potential, comparable a performance with
minimal and even without linguistic analysis.

Text classification methods were introduced to E-
learning by [19-21]. This paper investigates the success
of SVMs with regard to the classification of questions
into Bloom's cognitive levels, which is especially
important in questions concerning bank management
systems.The SVM-Light software package was used to
construct and assess SVM classifiers, specifically the
linear kernel, on an estimated 70% and 30% of the dataset
respectively.

Neural Networks: The concept of Neural Networks or
Artificial Neural Networks (ANN) was conceived on the
basis of the thought processes in the human brain. The
human brain consists of billions of neurons, which are
nerve cells that constitute the basic units of the nervous
system. Neurons serve as couriers of information to the
entire human body. Like the brain, the neural network
stores information or data from the learning process of the
system [22].

Fei et al. (2003) proposed a method for the
classification of questions for E-Learning systems using
Artificial Neural Networks. These tests can be in the form
of multiple choice tests, as well as fill-in-the blanks and
short-answer tests.. The classification of objective
questions according to three levels of difficulty, namely
hard, medium and easy, involved the pre-processing of
data, features selection, categorization and assessment.
The effectiveness of the classification and the viability of
the proposed model were experimentally tested[23].

A classification model for the cognitive level of
examination questions based on Bloom’s Taxonomy was
also proposed by [24]. The model executes the artificial
neural network method, which is trained by the scaled
conjugate gradient learning algorithm, since it is suitable
for networks that have numerous weights.

Statistical Approach: A statistical approach attempts to
solve problems by routinely learning lexical and structural
preferences from corpora instead of parsing exclusively
through  the  use  of  syntactic  categories,  like  parts  of

which are based on the statistical approach, such as ME
and N-Gram, are popular among researchers.

Maximum Entropy Models: Maximum Entropy (ME)
models, which are also known as Log Linear models, are
another group of successful classifiers that are used in
the classification of questions. In contrast to SVMs, the
Maximum-Entropy model is a statistical approach which
can calculate the probability of a given sample belonging
to each class.Several researchers have made use of the
ME model in their work. [26] used the TREC dataset (a
dataset that is widely used in the Text REtrieval
Conference (TREC)) and applied this approach to identify
a rich feature set for QC, resulted in an accuracy of 85.4%
and 89.8% on fine-grained and coarse-grained classes,
respectively. By extracting better features from the same
dataset, [27] attained an accuracy of 86.6% and 92.0% on
fine-grained and coarse-grained classes, respectively.
More recently, [28] managed to obtain even better results
through the use of better feature extraction methods,
achieving an accuracy of 89.0% and 93.6% on fine-grained
and coarse-grained classes, respectively, on the same
dataset.

A sub-tree mining approach for the classification of
questions was put forward by [29], whereby a question
was parsed and the subtrees of theparsed tree were
regarded as features. By using the ME model for
classification, they were able to achieve an accuracy of
83.6% for the fine-grained classes in the TREC dataset.
They used a more compact features space compared to
other works. Using the same features space, their method
outperformed the SVM with its tree kernel [13, 1]).

N-gram: The algorithm for the statistical approach
involves the N-gram, which has the ability to find the
probability of predict word. The N-gram is a series of
terms, which are mostly words, with various lengths
ranging from 1 to 5 grams.

Wang et al. (2009) noted that the N-gram model is
used extensively in statistical natural language
processing. An n-gram is defined as a sub-sequence of n
items, which could be phonemes, syllables, letters, words
or base pairs depending on the application, from a given
sequence. An n-gram is named according to its size and
thus it is known as a ‘unigram’ (size 1), ‘bi-gram’ (size 2),
‘tri-gram’ (size 3) or‘multi-gram’ (size 2 or more). When it
comes to natural language processing, words are
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modelled in such a way that each n-gram consists of n Structure Induction: Extraction by structure induction
words.N-grams have been used for questions
classification in several studies [30-32]carried out a study
to define an N-gram-based method of text categorization
that is able to accommodate textual errors. The tiny, swift
and robust system performed very well for language
classification, attaining in one test a correct classification
rate 99.8% for the classification of Usenet
newsgrouparticles that had been written in different
languages. In their study, the N-gram was an N-character
slice of a lengthier string.On the other hand, [33]
conducted a study on text categorization through the use
n-grams of characters for varying values of n. The results
of this method were investigated by means of several
experiments using: (i) the multivariate chi-square (ii) the
cosine and Kullback&Liebler distances (iii) the additional
use of two benchmark corpuses, the newswire articles of
Reuters-21578 and the 20 newsgroups data for
assessment. The macro-averaged F1 function was used to
carry out the assessment and the results showed that this
method was more effective that the Bag-Of Word and
stem representations.

A study on Chinese questions classification was
carried out by [30] by means of an SVM-based machine
learning approach and semantic gram extraction. Since
sentences in Chinese do not have distinct word
boundaries and words segmentation should be acquired
before n-grams are obtained from a sentence, the
researchers (i) employed semantic thesauruses to group
the uni-grams and used HowNet to extricate the semantic
unigrams; (ii) semantic multi-grams were then selected
based on certain rules. First, multi-grams with named
entities were disposed of. Next, those multi-grams which
only emerged once in all the training data were rejected,
not only because they did not have sufficient information
for classification but also to cut down on the number of
features.A different study was conducted on the system
of Question-Answering (QA). The study considered the
problem of classifying newly-posted questions into
twoclasses: those that expect subjective answers and
those that expect objective answers [31].In their
experiments, theytried some features: cue words (hand-
extracted words or expressions), word n-gram (n=1, 2 and
3), word dependency (a modifier and a modifier relation)
and maximal repeats. To classify the questions, two
classifiers were used: Naïve Bayes and SVM. They
achieved over 80% weighted accuracy using uni-gram and
bi-gram features learned by Naïve Bayes with smoothing.

was introduced by [34] to classify questions. In their
paper, they proposed a new method, which was
acombination of two different approaches. First, patterns
were pulled out from the training data through the use of
machine learning. These patterns then functioned as
regular expressions during the classification. They
demonstrated the method by describing and contrasting
several implementations of two systems, namely a
grammatical inference system with an Alignment-Based
Learning (ABL) classifier and another system which uses
a trie structure classifier.According to the results obtained
for the annotated questions of the TREC10 data, the
approach is practicable and both systems produced
acceptable results. Future systems which fall in the
method of structure-induced questions classification (for
instance, those that are based on other grammatical
inference systems) are expected to lead better
performance. In addition, it is believed that the structure
discovered by the systems can be employed to locate the
core of the question.

Rule-Based Method: Rule-based approach tries to match
the questions with some manually handcrafted rules
[35,36]. These approaches however, suffer from the need
to define too many rules [37,5]. Furthermore, while rule-
based approach may perform well on a particular dataset,
they may have quite a poor performance on a new dataset
and consequently, it is dificult to scale them. The rule-
based text classification has also seen a lot of research,
since researchers can easily create rules based on a
particular aim, such as classifying any documents that
contain any information on medicine into a medically-
related class. [38-40] agreed that rules are built according
to identified situations.

Machine learning based on parsing and the
classification of questions for question answering were
described by [39], who showed experimentallyhow
question parsing significantly enhanced when the
augmentation a semantically-enriched Penn treebank
training corpus with an additional question treebank. In
addition, extra features have been included in the machine
learning-based parser by the formulation of 276 rules at a
high level of abstraction[40].

In their article, [38] presented a rule-based e-testing
system to help tutors to acquire better question items
through successive test sessions. They pointed out that
their system is able to give tutors a better justification as
to which question items suit their students. The system
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utilizes an online fuzzy production rule and improves forms of classification and the text in question especially
questions during the analysis phase. when the questions are only a few words that contain or

In their paper, [8] described the questions via the carry the meaning of the questions. Obviously, to
ExCSR (Extended Class Sequential Rule) model. To mine understand the content of a text or question requires
ExCSR rules, a method based on PrefixSpan (an efficient knowledge of the natural language. Typically, the natural
sequence rule mining method), called the DS-SRM language requires some knowledge of words to interpret
(Distance Sensitive Sequential Rule Miner), was the meaning of the question requirements or the
presented as well. Due to the existence of redundancy in categories of the questions. The methods of questions
the mined rules, a rule selection algorithm, MCRSelection classification have been discussed and the previous
(Most Cover Rule Selection), was also proposed to find studies were included. Certainly this review is different
the most interesting rules. The experimental results on the from other reviews in that it covers questions
University of Illinois Urbana-Champaign (UIUC) question classifications in a comprehensive manner involving
set show that the proposed method can achieve an various methods.
accuracy of 90.6%, which outperforms the previously
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