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ABSTRACT 
BACKGROUND: It is very common for any research publication to have multiple authors; yet, there are methodologies to assess the 

quality of research paper as a whole and not with respect to every author involved in writing the research paper. There is only 

very less or lack of information regarding the role of every author involved in preparing the research manuscript. Bibliographic 

metrics proposed until now also are lined up in the direction of research paper analysis assuming it as a single entity; whereas, in 

reality, every manuscript is made in parts and assembled together to get the final shape before it is communicated. OBJECTIVE: In 

this paper, we attempt to analyse potential scientific authorship in a finer grained manner with the help of their sample writings 

and the specific features of an individual author. Authorship attribution is a kind of interesting and more challenging research 

problem which tries to do statistical analysis of every author’s individuality based on their writing styles.  RESULTS: We adapt text 

segmentation algorithms for identifying changes in the writing styles within the manuscript along with various stylometric 

features like lexical, character, syntactic, semantic and application specific features. CONCLUSION: We have applied K-Means and 

Partition Around Medoids(PAM) clustering algorithms on the linguistic information of a research article and the results are 

undoubtedly promising enough in identifying the contribution of authors across scientific publications through Average no. of 

words/sentences, Sentence length variation, Lexical density, Punctuations, BagOfWords(BOW) and POS frequencies. Finally 

results indicate that K-Means quietly performs well with limited training data to compared with PAM algorithm. 

 

KEYWORDS:  stylometric, feature extraction, authorship, bibliometrics, clustering.  
 

INTRODUCTION 
 

Authorship Attribution is the process of identifying an author of an unknown text or document by applying 
a statistical computing on features related to text like lexical, character, syntactic, semantic and application 
specific. Generally the above mentioned features are more than enough to differentiate the authors based on 
their content and writing style when more than one author claims their credit or there is a doubt in authorship. 
Research in authorship analysis dates back to 19th century itself on ‘The Federalist Papers’ (a series of 146 
political essays written by John Jay, Alexander Hamilton, and James Madison, twelve of which claimed by both 
Hamilton and Madison) was definitely the most influential work in authorship attribution. The idea was based 
on Bayesian statistical analysis of common word frequencies which produced significant discrimination among 
the candidate authors [4]. Some of the existing approaches has been introduced mainly based on classification 
approaches [1,2,3] where as set of documents written by the same author used as the training samples to train 
the classification model and the trained model is then applied to the test set to identify the author of an article. 
Supervised classification always gives better results even though we need large number of documents while 
training a model as well as labeling of those documents is a time consuming task. Then this problem was 
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attempted in [5, 6, and 8] with less number of training documents. Authorship identification carried out from 
unstructured texts [7] and with different languages [9]. 

 
Limitations of the attribution methods concerning the evaluation procedure were the following: 

1. The textual data were very long (commonly including entire books) and almost certainly not 
stylistically homogeneous. 

2. The count of candidate authors was too small (generally 2 or 3).  
3. The evaluation corpora were not measured for topic.  
4. The proposed method evaluation has the ability to understand without any evidence (normally based on 

scatterplots’s subjective visual inspection).  
5. The comparison of various methods was too tough due to absence of appropriate benchmark data 
 
As a first step into this direction, we seek to identify author attribution in research papers. We apply the 

TextTiling algorithm of NLTK to detect change in topics. The algorithm was originally developed to detect 
changes in topics in order to apply text segmentation. Then we use feature extraction methods to capture the 
different features. 

Authorship grants credit and has significant importance on academic, social, and financial implications. 
Authorship also suggests liability and authority for published work. The following suggestions are anticipated to 
ensure the credit given to the contributors of intellectual contributions in a substantive manner to a paper as 
authors, but also that contributors credited as authors understand their role in taking ownership and 
accountability for their published work. 

Authorship attribution only conveys the writer of a publication, does not consider the contribution of an 
individual author. Therefore, at least for original research, some journals are requesting and publishing 
information regarding the contributions of an individual author with their name. Nowadays editors are motivated 
to build and implement a contributor-ship policy, and also the integrity of the work identified for responsible 
persons as a whole. These policies eliminate much of the uncertainty related to contributions; however 
qualifying an individual for authorship based on the quality as well the quantity of contribution is an 
unanswered question [19].  

Authorship attribution to multi-author paper can be very useful [10]. In the present days of global reach, we 
find the authorship of a given research paper running in huge numbers. The collaborations range from 3 authors 
to more than 500 authors. As long as the number of collaborators is close to a single digit, it is manageable and 
understandable that each contributing author could involve in the formulation of the problem, the idea, the 
purpose, the methodology and futuristic impact and direction. But when the publications result from hundreds of 
authors and papers of high value are written almost every month, it creates a problem. In one case of 4 author 
paper each involved author declared his part as 90-95% - clear absurd. In such cases stylometry can be used to 
find out the contribution of each other. 

 
MATERIALS AND METHODS 

 
PDF Extraction: 

For analyzing the writing style of scientific articles, we need their textual content [11]. The Portable 
Document Format (PDF) is the most common format today.  Inside, they might have any number of structures 
that are difficult to understand and exasperating to get at. Hence, we need to extract PDF files and convert them 
to text files. Here, we use PDFMiner. This tool helps to extract information from PDF documents [16]. 

 
Text Segmentation: 

We use the TextTiling algorithm for segmenting text [15]. TextTiling is a task of dividing a whole text into 
passages, paragraphs and subtopics. Scientific articles and reports are generally the composition of a sub or 
main topics, discussed briefly. Representing the scientific article as a collection of token is very essential to deal 
with bibliometric features based on the linguistic information present in a paper. This algorithm has three main 
components which help us to chop the input text into meaningful tokens and to calculate the cohesion score at 
each boundary point. Finally these cohesion scores help to produce depth scores for each potential boundary 
point which has a lower cohesion compared with the neighboring boundary points. To select the low relative 
boundary points these depth scores help us. Also the gap indicates a text’s topic shift. The results are the text file 
with boundary points which are pushed between the gaps with enough high depth scores, depicting the several 
topics by dividing at the smallest cohesive points. 

 
Feature Extraction: 

In this, the stylometric features of authors are detected [13]. Feature Extraction technique is a kind of text 
preprocessing task where useful features has been extracted from the massive amount of tokens. There are 
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several features available in a scientific article to analyze regarding authorship attribution based on their writing 
style. Firmly lexical features like token-based (word length, sentence length), vocabulary richness, word 
frequencies, word n-grams (unigram, bigram, tri gram or  tetra gram) and spelling errors assist as to deal with 
lexical information available in an article. In order to proceed with character level features, a classifier analyses 
their frequency based on the character types (letters, digits), character n-grams and compression methods 
(entropy).  

There are various feature extraction techniques available for extracting the syntactic level features like part-
of-speech (verbs (VB), nouns (NN), preposition (PP)), chunks (length of paragraph/chapter), sentence and 
phrase structure, rewrite rules frequencies and errors. Always semantic features such as synonyms, semantic 
dependencies and functional features provide better results than the above three when we concentrating on the 
contribution of an author. Also structural, content-specific and language-specific features vary depends on the 
application we choose. Stylometric features have also been explored for applications related to author profiling 
[17] and vandalism detection [18].To extract the semantic features like synonyms and hypernyms of words, 
WordNet plays [20] a vital role. 

 
Partitioning Around Medoids (PAM) Clustering: 

PAM clustering is a most common form of k-medoid clustering. k – medoids clustering algorithm is 
partitional (breaks the dataset into groups) and attempts to minimize the distance between labeled and center of 
a cluster. In contrast to k-means clustering, k-medoids chooses data points as centers and works with an arbitrary 
matrix of distances between data points instead of l2. 

1. Initialize: randomly select (without replacement) k of the n data points as the medoids 
2. Associate each data point to the closest medoid. 
3. For each medoid m, for each non-medoid data point o: 
4. Swap m and o, recompute the cost 
5. If the total cost of the configuration increased in the previous step, undo the swap 
 
Once clustering is finished, the authorship attribution values are displayed along with the percentage of 

attribution for each author [11]. 
 

RESULTS AND DISCUSSION 
 

Dataset: 
For the evaluation we use a dataset composed of randomly selected documents from ScienceDirect 

(www.sciencedirect.com). Most of the papers are from the Journals of Informetrics or Scientometrics. For this 
evaluation, we select a small subset containing around 50 papers from the above mentioned journals. We 
selected various multi-author papers as well as previous works of all the respective authors outside the journal 
context.  

Table 1 depicts the results obtained for both K-Means and PAM clustering techniques.Maximum of 4 
authors were encountered for a particular paper. Authors were numbered 1-4 according to order of appearance in 
the dataset.For evaluation metrics, we have used F1 score, Precision and Recall. F1score is the harmonic mean 
of precision and recall. For evaluating writing style dissimilarity, we calculate a stylometric dissimilarity among 
two adjacent sliding windows.A thorough evaluation of an authorship attribution method would require the 
examination of its performance under various conditions.  

 
The most important evaluation parameters are the following: 

• Training corpus size, in terms of both the amount and length of training texts. 
• Test corpus size(in terms of text length of the unseen texts). 
• Distribution of the training corpus over the authors. 
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Fig. 1: Plot for various features in Authorship Attribution 

 
The graph in Figure 1 was generated using forty research papers and the feature score has been calculated 

from a single author's contribution in a multi author paper based on the features such as Average no. of 
words/sentences, Sentence length variation, Lexical density, Punctuations, BagOfWords(BOW) and POS 
frequencies.  

 
Table 1: Authorship Attribution – Results 
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Contributions To Knowledge: 
There exist several approaches to analyze the quality of research paper as a whole and not with respect to 

every author involved in writing the research paper. This stylometry approach is highly useful for all kind of 
people who are dealing with innovative research and research articles to identify the text written by an 
individual author in a multi-author paper based on the several stylistic features.  
 
Conclusion And Future Work: 

More attention has been given on authorship attribution in recent days. In this paper, an author attribution 
has been experimented on a scientific research articles with several features and the writing styles of 
unrestricted texts of various authors. An unsupervised approach has been designed to extract stylistic features 
which are simple and efficient. K-Means and PAM clustering algorithms are employed to determine authorship 
of documents using stylometry. All features are content-independent of an individual author. Evaluation is 
carried out through Machine learning algorithms K-Means and PAM clustering algorithms. Our results proved 
that PAM is producing better results with less training set of features to compare with K-Means. As a part of our 
future work we would like to concentrate on identifying the new features and combining the other combination 
of features with less time, space, computation to achieve better accuracy. As well as we would like to address 
the problem of authorship attribution when there exists a small quantity of training examples.  
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