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a b s t r a c t 

Two document representation methods are mainly used in solving text mining problems. Known for its 

intuitive and simple interpretability, the bag-of-words method represents a document vector by its word 

frequencies. However, this method suffers from the curse of dimensionality, and fails to preserve accurate 

proximity information when the number of unique words increases. Furthermore, this method assumes 

every word to be independent, disregarding the impact of semantically similar words on preserving 

document proximity. On the other hand, doc2vec, a basic neural network model, creates low dimensional 

vectors that successfully preserve the proximity information. However, it loses the interpretability as 

meanings behind each feature are indescribable. This paper proposes the bag-of-concepts method as 

an alternative document representation method that overcomes the weaknesses of these two methods. 

This proposed method creates concepts through clustering word vectors generated from word2vec, and 

uses the frequencies of these concept clusters to represent document vectors. Through these data-driven 

concepts, the proposed method incorporates the impact of semantically similar words on preserving 

document proximity effectively. With appropriate weighting scheme such as concept frequency-inverse 

document frequency, the proposed method provides better document representation than previously 

suggested methods, and also offers intuitive interpretability behind the generated document vectors. 

Based on the proposed method, subsequently constructed text mining models, such as decision tree, can 

also provide interpretable and intuitive reasons on why certain collections of documents are different 

from others. 

© 2017 Elsevier B.V. All rights reserved. 

1. Introduction 

With growing importance of unstructured data, text data, as 

one of the most common forms of unstructured data, have in- 

evitably became an important source for data analysis. To extract 

interesting patterns and insights from them, most fundamental and 

crucial step is document representation. In order to apply vari- 

ous machine learning and data mining techniques, raw documents 

need to be transformed into numerical vectors, in which each doc- 

ument’s defining characteristics are captured. If these document 

vectors can preserve proper proximity between the documents and 

their unique characteristics, subsequent text mining algorithms can 

extract more accurate and valuable information hidden in the data. 

Most popular document representation methods have often re- 

lied on the bag-of-words based approaches [1,18,28] , in which a 

document is fundamentally represented by the counts of word 
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occurrences within a document. For decades, this approach has 

been shown to be effective in solving various text mining tasks 

[12,15,33] . One of its major advantages is that it produces intu- 

itively interpretable document vectors as each feature of the doc- 

ument vector indicates an occurrence of a specific word within a 

document. The bag-of-words approach, however, can be problem- 

atic when a number of documents being represented are enor- 

mous. As a number of documents increase, a number of unique 

words in the entire document set will also naturally increase. Con- 

sequently, not only will the generated document vectors be sparse, 

but their dimensions will also be huge. As the dimension and the 

sparsity of the document vectors increase, conventional distance 

metrics become ineffective in representing the proper proximity 

between the documents. Furthermore, the bag-of-words methods 

assumes that all words within the documents are independent. 

However, different word types such as synonyms and hypernyms 

usually describe similar information within the document. Thus, 

this word independence has adverse impact on capturing docu- 

ment proximity. Consequently, the text mining models constructed 

from the bag-of-words approach can be unsuccessful in capturing 
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Fig. 1. Document vectors generated via bag-of-words approach. 

Fig. 2. Basic architecture of word2vec (Skip-gram). 

Fig. 3. Word2vec (Skip-gram) training. 
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