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Abstract

Authorship attribution (AA) is the task of identifying authors of anonymous texts. It is
represented as multi-class text classification task. It is concerned with writing style
rather than topic matter. The scalability issue in traditional AA studies concerns with
the effect of data size, the amount of data per candidate author. Most stylometry
researches tend to focus on long texts per author, but it is not probed in much depth in
short texts. This paper investigates the task of AA on Telugu texts written by 12
different authors. Several experiments were conducted on these texts by extracting
various lexical and character features of the writing style of each author, using word n-
grams and character n-grams as a text representation. The support vector machine
(SVM) classifier is employed in order to classify the texts to their authors. AA
performance in terms of F  measure and accuracy deteriorates as the number of
candidate author’s increases and size of training data decreases.
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Empirical Evaluations Using Character
and Word N-Grams on Authorship
Attribution for Telugu Text

S. Nagaprasad, T. Raghunadha Reddy, P. Vijayapal Reddy,
A. Vinaya Babu and B. VishnuVardhan

Abstract Authorship attribution (AA) is the task of identifying authors of
anonymous texts. It is represented as multi-class text classification task. It is con-
cerned with writing style rather than topic matter. The scalability issue in traditional
AA studies concerns with the effect of data size, the amount of data per candidate
author. Most stylometry researches tend to focus on long texts per author, but it is
not probed in much depth in short texts. This paper investigates the task of AA on
Telugu texts written by 12 different authors. Several experiments were conducted
on these texts by extracting various lexical and character features of the writing
style of each author, using word n-grams and character n-grams as a text repre-
sentation. The support vector machine (SVM) classifier is employed in order to
classify the texts to their authors. AA performance in terms of F1 measure and
accuracy deteriorates as the number of candidate author’s increases and size of
training data decreases.
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1 Introduction

Authorship attribution (AA) is the technique of determining the author of a text
when it is ambiguous to identify the real author [1]. Every author has his own
writing style. Invariably, AA applications are plagiarism detection, resolving dis-
puted authorship, criminal law, civil law and data security [2]. AA can be viewed as
problem of text classification (TC), but it is different from classification in terms of
considering embedded author style in addition to text content. Hence, AA is more
challenging compared with text classification. In TC, the problem is viewed as
identification of related topic or the given test document, whereas in AA, it is
viewed as assigning the test document to one the many predefined authors [1].
AA is a research field that is in the last decade on various data sets of various
languages. AA is identified as a stylometry problem [3] till computational tech-
niques were enough matured. Usage of computational techniques in AA gives
pathway for considering many other aspects other than linguistic features. Different
data sets with various sizes were experimented in combination with different
features and with different machine learning algorithms. Based on the data set size
and the based on the number of authors, features and machine learning approaches
behave differently [4]. In order to evaluate the proposed AA method thoroughly, its
performance is measured under various conditions [5] such as training corpus size
and number of candidate authors. Unless these issues are addressed, it is impossible
to claim superiority of any type of features for AA. In this paper, a systematic study
of the features of AA, such as effect of author set size; data size on performance;
and influence of lexical and character features in a categorization approach using
support vector machine (SVM) was presented. The behaviour of SVM and the
predictive strength of different types of features using various author sets sizes and
varying data sizes on Telugu data set were compared. To our knowledge, this is the
first study of these aspects of AA on Telugu data set.

2 Related Work

AA can be viewed as one of the oldest problems and one of the newest research
problems in the field of information retrieval. Stylometry is the statistical analysis of
literary style. The main assumption behind stylometry is that the authors make
certain subconscious and conscious choices in their writing. Some of the features
that were used in stylometry include average sentence length, average syllables per
word, average word length, distribution of parts of speech, function word usage, the
type–token ratio, Simpson’s Index, Yule’s Characteristic K, entropy, word fre-
quencies and vocabulary distributions [6]. Some models that were used in stylometry
include n-grams [7], feature counts, inductive rule learning, Bayesian networks,
radial basis function networks, decision trees, nearest neighbour classification and
SVM [8]. Mosteller and Wallace [9] propose to select semiautomatically the most
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common terms composed mainly by various function words for AA. The earliest
studies of AA were reported by Yang et al. [10] and Yule [11], in which statistical
methods were used limit data, not only the size of the experimental corpus but also
the size of feature set. Yang et al. [10] graphically represented the word length as
characteristic curves, and he also in [11] used sentence length to differentiate
between authors text.

Many types of lexical features were proposed [12–16] including token-level style
markers, frequency of word usage, richness of the vocabulary, including the dis-
tribution of vocabulary, the number of hapax legomena. Burrows [17] extracted
commonly used words from the collection as the features. Stamatatos in [18] was
experimented with vocabulary richness. Stamatatos also pointed out in [19] that
merely using features at the token level are not be sufficient for reliable AA. Burrows
in [20] first proposed the use of function words as style markers for AA. Baayen in
[13] experimented with 42 common function words and eight punctuation symbols.
A set of 50 common function words was selected as style markers by Holmes in [15]
in order to discriminate between two authors on disputed journal articles. Binongo in
[21] also used 50 common function words to examine the authorship. More function
words were used by Juola and Baayen [16]. Pol [22] has carried out experiments to
discriminate the power of different lexical features. Grammatical-based or syntax-
based features in AA were applied by several researchers [13, 23]. Chi-square (χ2)
measure is often used to determine relevant features in authorship attribution
[19, 24]. The cumulative sum technique [25] looks at the frequencies of a range of
possible habits in use of language. Principal component analysis (PCA) [15–17],
Markov chains [13] and compression-based techniques [26] are typical of compu-
tational approaches that were proposed for AA. N-grams are widely used in
authorship attribution [18, 27]. Juola in [28] proposed a similar approach that was
applied to AA, in which the unigram model on the character level was used.
Benedetto in [26] used compression approach to different applications including AA.
Machine learning approaches were applied to AA in recent years, including neural
networks [29], Bayesian classifiers [30], SVMs [31] and decision trees [32].

In this paper, Sect. 3 discusses about the different steps in proposed model such as
data preprocessing, feature extraction, feature selection and machine learning
approach. The AA accuracy and F1 measure in terms of data set size and author set
size were evaluated in the Sect. 4. The description about the data set collection and
the language characteristics was presented in Sect. 4. Section 5 summarizes the work
done, and the conclusions were drawn from the results and possible extensions.

3 Author Attribution Model

Authorship attribution is viewed as an automatic text classification task that assigns
documents according to a set of predefined author set. AA model consists of various
steps as shown in Fig. 1. They are data preprocessing, feature extraction and feature
selection. These three steps are performed on both training set and testing set.
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A learning model was generated for each author using machine learning technique
SVM, and finally, test document is assigned to one of the known authors using the
learning model.

3.1 Data Preprocessing

The raw text documents are not suitable for processing by the machine learning
algorithms. In this scenario, there is a need to convert these raw documents into a
suitable format such as attribute-value representation. This step contains the toke-
nization, stemming and stop word removal as in [33].

Tokenization is a process of dividing the raw text into meaningful elements. The
elements are in the form of paragraphs, sentences, phrases, words and also char-
acters. Based on the characteristics of the language, various types of elements may
have various meanings. Tokens such as punctuation symbols, whitespace and
numbers are not included in the input token list as they are not deriving any
meaning to be extracted from the text. This token acts as an input data for the
remaining steps in the proposed model.

To reduce the feature space of the token set, all the words are reduced to their stem
form. Stemming is the process of deriving root or base form of the original wordwhich
is from the token set. The stemmed word may not be the root of the original word, but

DATA PREPROCESSING

FEATURE EXTRACTION

FEATURE SELECTION

TRAINING DATA SET

CLASSIFICATION

TEST DOCUMENT

DATA PREPROCESSING

FEATURE EXTRACTION

FEATURE SELECTION

AUTHOR IDENTIFICATION

LEARNING MODEL

Fig. 1 Text authorship
attribution model
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all the related words are mapped to a single word known as stemmed word. For the
Telugu data set used in the paper, the stemmed words are derived using the Telugu
stemmer called Telugu morphological analyser (TMA) as in [34].

3.2 Feature Extraction

The style of a particular author is generally identified by extracting various features
from the text. The various features of a text are broadly categorized into three types
as in [32], namely lexical, syntactic and structural features. In this paper, lexical
n-grams such as syllable n-grams and word n-grams as features were considered.
Vishnu in [35] claimed that lexical n-grams are best features for Telugu text
classification. As in [36, 37], lexical features are good for small data sets and also
able to capture nuances in different linguistic levels: it is considered that the syllable
unigram, syllable bigram, syllable trigram and syllable tetragram at syllable level
and also word unigram, word bigram, word trigram and word tetragram as features
at word level.

3.3 Feature Selection

The extracted features from the previous step may increase the dimensionality space
of the input set. The machine learning classifiers suffer with the problem of curse of
dimensionality as the dimensionality space increases. Hence, it is required to
remove irrelevant or not most relevant features from the features set. It is carried out
by various measures such as document frequency, DIA association factor, chi-
square, information gain, mutual information, odds ratio, relevancy score and GSS
coefficient. In this paper, chi-square (χ2) metric [25] is used as a measure for feature
selection, which is the most effective feature selection metric in the literature [26].
Chi-square measures the correlation between feature and author set. The relevance
of feature t with the author set c is calculated as follows:

v2 t; cð Þ ¼ N � AD� BCð Þ2
Aþ Cð Þ � Bþ Dð Þ � Aþ Bð Þ � C þ Dð Þ

where A is the number of times both feature t and author set c exist; B is the number
of times feature t exists, but author set c does not exist; C is the number of times
feature t does not exist, but author set c exists; D is the number of times both feature
t and author set c does not exist; N be the total number of the training samples. As the
value is more, the feature t is more relevant to the set c. Some of the features whose
chi-square value is less than the threshold value are considered as non-relevant to the
class c.
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3.4 Classification

SVM is proved to be an effective machine learning algorithms for text categori-
zation. In [38] for AA, SVM is used to generate learning model by using lexical
features such as character n-grams and word n-grams to represent the text. SVM
classifier is used to learn the boundaries between author sets where author sets are
treated as classes. The learned model generated from the SVM is used for author
identification of unknown text as shown in Fig. 1.

3.5 Author Identification

In this step, author is assigned for a given unknown text document. Unknown
author text is processed through the various steps as shown in Fig. 1. The vector
representation of the text document after dimensionality reduction is given as input
to learn the model which is generated from the classifier. The learned model assigns
one of the authors from author set to the test document.

4 Results and Discussions

The following Sect. 4.1 briefly describes the characteristics of the language;
Sect. 4.2 describes the data set. The different evaluation measures used in author-
ship attribution are explained in Sect. 4.3; Sect. 4.4 discusses about the influence of
the number of authors on AA. Sect. 4.5 presents the influence of the size of the data
for each author on AA.

4.1 About the Language

There are more than 150 different languages spoken in India today. Indian lan-
guages are characterized by a rich system of inflectional morphology and a pro-
ductive system of derivation. This means that the number of surface words found to
be very large and so the raw feature space, leading to data scarcity. Dravidian
languages such as Telugu and Kannada are morphologically more complex and
comparable to the languages such as Finnish and Turkish as in [34]. The main
reason for richness in morphology of Telugu (and other Dravidian languages) is the
significant part of grammar that is to be handled by syntax in English (and other
similar languages) to be handled within morphology. Phrases including several
words in English are mapped on to a single word in Telugu. Hence, there is a
necessity to study the influence of features and different AA approaches on Indian
context.
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4.2 Data set Description

To address the problem of authorship attribution on Indian context for Telugu
language, the data set is collected from Telugu newspapers. The collected data
cover various topics. The data set contains 300 news articles written by 12 authors.
The average numbers of words are 547 per document. In our experiments, the data
set is separated into two groups such as training and testing data. The training set
contains 20 text articles for each author. On the other hand, for the test set consists
of 5 text articles for each author. The training data set is used to generate learning
model using SVM algorithm. Each test document is assigned to one of the authors
from the author set using the learning model.

4.3 Evaluation Measures

The performance of the SVM in combination with various lexical features for
various data set sizes and author set sizes is evaluated using accuracy and F1

measure. The accuracy and F1 measure are defined as follows:
Accuracy is the number of text articles from test set for which the author is

correctly assigned over the total number of articles in the test set as in Eq. 1

Accuracy ¼ Number of documents that are correctly assigned
Total number of test documents

ð1Þ

F1 is calculated as in Eq. 2

F1 ¼ 2 � precision � recall
precision þ recall

ð2Þ

where

precision ¼ Number of documents correctly author assigned
Number of documents author assigned

ð3Þ

and

recall ¼ Number of documents correctly assigned
Total number of test documents

ð4Þ
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4.4 Influence of Number of Authors in the Training Set
on Authorship Attribution

In this phase, 120 text documents were considered in training set and five docu-
ments for each author in the test set. Initially, we have considered 6 authors each
with 20 documents in the training set. With the help of training and testing set
documents, the precision, recall, F1 measure and accuracy were evaluated using
SVM classifie with different feature vectors. The obtained results were presented in
Table 1. Similarly, process is continued by considering 8, 10 and 12 authors in the
training set with 15, 12 and 10 text documents for each author subsequently. From
the obtained results, it is clear that as the number of authors in the training set
increases, there is a significant decrease in the performance both in terms of F1 and
accuracy measures. Word unigram is outperforming compared with all other fea-
tures. After the word unigram, character trigram is performing well compared with
the remaining features. Character-level features performance is good when com-
pared with word-level features.

4.5 Influence of Amount of Data per Author in the Training
Set on Authorship Attribution

Articles are collected from various topics written by 12 authors. In total, we have
collected 300 news articles from the websites. From the collected text documents,
240 documents are treated as training set and the remaining 60 documents are
considered as test set. For the experimental evaluation, each time we have con-
sidered 5, 10, 15 and 20 documents per author. The performance of the each feature
using SVM in terms of F1 and accuracy is calculated for each data set as shown in
Table 2. From the obtained results, it is clear that as the number of documents in the

Table 1 F1 and accuracy values for number of authors with number of features using SVM for
fixed data size

Feature F1 value Accuracy

Number of authors

6 8 10 12 6 8 10 12

Character unigram 0.68 0.64 0.61 0.58 0.74 0.71 0.69 0.65

Character bigram 0.75 0.71 0.68 0.63 0.78 0.75 0.70 0.64

Character trigram 0.82 0.78 0.75 0.69 0.85 0.81 0.74 0.71

Character tetragram 0.79 0.75 0.76 0.67 0.82 0.79 0.77 0.74

Word unigram 0.84 0.81 0.77 0.71 0.87 0.83 0.79 0.76

Word bigram 0.76 0.73 0.67 0.64 0.79 0.75 0.72 0.67

Word trigram 0.68 0.66 0.64 0.61 0.73 0.71 0.68 0.64

Word tetragram 0.64 0.62 0.60 0.56 0.69 0.70 0.63 0.60

Bold indicates outperforming value compared with other values
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training set increases there is significant increase in the performance both in terms
of F1 and accuracy measures. Word unigram is outperforming compared with all
other features. After the word unigram, character trigram is performing well
compared with the remaining features. On an average, the character-level features
are exhibiting good performance compared with word-level features. The reason for
good performance is, in general, character-level features will gather clues from
lexical, syntactic and structural levels, and also character n-grams reduce the
sparseness of the data.

5 Conclusion

Addressing the problem of authorship attribution on Telugu text is not yet
attempted by any other researcher still now. The work is carried out in this paper is
a real motivation towards the language. We have viewed the AA problem as a text
classification problem. In this paper, it is evaluated the influence of various lexical
features at character and word level with varying lengths and also empirically
evaluated the impact of number of authors in the training set by keeping the total
number of documents in the training set constant. Similarly, we also studied the
influence of data set by keeping the number of authors in the training set as
constant. In both cases, we obtained the expected results. In most cases, word
unigrams and character trigrams are performing well in terms of F1 metric and
accuracy compared with other features. In this paper, for each feature vector,
learning model is generated using SVM.

As a future work, we can investigate the influence of various machine learning
algorithms that were investigated for generating best suitable learning models. And,
it also considered various other features and its combinations to increase the per-
formance of author identification. We can also extend the scope of study on AA by
increasing the data set size.

Table 2 F1 and accuracy values for number of documents with number of features using SVM for
fixed number of authors

Feature F1 value Accuracy

Number of documents per author

5 10 15 20 5 10 15 20

Character unigram 0.51 0.58 0.62 0.65 0.58 0.65 0.68 0.71

Character bigram 0.55 0.63 0.65 0.71 0.61 0.64 0.70 0.75

Character trigram 0.59 0.69 0.73 0.75 0.65 0.71 0.76 0.81
Character tetragram 0.60 0.67 0.70 0.73 0.63 0.74 0.73 0.78

Word unigram 0.66 0.71 0.76 0.85 0.68 0.76 0.83 0.89
Word bigram 0.58 0.64 0.69 0.76 0.62 0.67 0.69 0.77

Word trigram 0.52 0.61 0.63 0.69 0.59 0.64 0.66 0.69

Word tetragram 0.49 0.56 0.59 0.66 0.60

Bold indicates outperforming value compared with other values
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