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Abstract. Feature vectors are becoming more popular alternative to traditional
methods based on word ontologies such as WordNet or BabelNet. Their usage is
much simpler on tasks like word similarity. We research keyword extraction problem and focus on utilisation of feature vectors. We present a novel method to extract discriminative words from text documents, where we represent each word
as a vector of its latent features. We evaluate our method on text categorisation
task using a well-known 20-newsgroups dataset and achieve state-of-the-art results.

1. Introduction
A few years ago, ontologies and taxonomies were prevalent for understanding the meaning
of text. With growing amounts of data being generated, unsupervised approaches for learning word meaning are becoming more popular [4]. They do not require us to manually label
a training set like traditional ontology-based approaches, but skip the word disambiguation
task altogether. They learn distributed representation of words, which encodes multiple
senses (and other properties like syntactic features of a word [5]) into vector of latent features. Such word embedding makes tasks like word similarity as simple as measuring cosine
similarity of word vectors [5].
In our approach, we leverage feature vectors of words to extract discriminative words
from text documents and evaluate such document representation on text categorization task.
Using feature vectors, we can easily search for similar words by measuring vector similarity.
Apart from words sense disambiguation, ontologies would also require us to use only some
heuristics to measure word similarity. Despite their expressive force, ontologies lack the
weight of relations (e.g. [2] describes a relation by type, but cannot determine the weight),
since that is hard and laborious task even for human experts.
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2. Extracting feature vectors
First, we pre-process each article with Stanford CoreNLP [6] to transform raw text into sequence of words labelled with part-of-speech tags and designed a finite automaton (see Figure 1) accepting candidate phrases. We experimented with choosing only noun phrases after
parsing each sentence, however, it proved to be rather impractical. Besides the fact that it
skipped the phrases beginning with adjectives, which sometimes significantly influence the
meaning of a phrase, it could not handle more complex documents, which contained more
structured text formatting like lists or other decorative elements. We also tried choosing only
nouns, adjectives, verbs or adverbs, but it yielded worse results than using phrases accepted
by the proposed automaton. By using this automaton, we also avoided stopwords and retained only potentially discriminative words.

Figure 1. Finite automaton for generating candidate phrases.

We leverage feature vectors to simulate the understanding of word semantics [4]. Feature
vector representation maps each word to vector of latent features. We use pre-trained feature vectors1 trained on part of Google News dataset (about 100 billion words), which were
obtained using a simple data-driven approach described in [4] and transform each phrase
into the corresponding feature vector. We build on the evidence [4] that multiple word vectors can be summed up to obtain the meaning of a longer phrase. Although the model contains also some phrases, there is no direct mapping for every possible phrase. We use a simple dynamic programming technique described in [1] to minimise number of concatenated
unit phrases and thus, prefer the longer unit phrases present in the model.
We use the corpus of feature vectors to substitute the vectors of candidate phrases in
the article with vectors of k nearest neighbours present in the corpus. Thus, we get broader
understanding of the meaning of each candidate phrase in the article. For each of those substitution feature vectors, we increase its relevance relative to its discriminative force. This
force is equal to TF-RF score [3], which has been reported to give better results in text categorisation task than TF-IDF. To obtain k nearest neighbours, we do not use the whole corpus
of feature vectors, but reduce it to only 200,000 most frequent words based on Google N-
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gram statistics2. Since there are many noisy words like typos in the corpus, we can use this
reduction, which speeds up the algorithm and does not have negative influence.

3. Evaluation by text categorisation
To evaluate proposed method, we chose text categorisation problem and evaluated our approach on 20-newsgroups dataset. For each document, we computed one feature vector as
a normalised sum of vectors of top relevant words output from our method. Thus, each
document was encoded into 300-dimensional feature vector. We experimented with different number of top words to create the feature vector of a document. Using linear discriminant analysis we achieved F1 score 82.85% for sum of top 1200 word vectors and using linear
SVM we achieved state-of-the-art performance of 84.5% micro-averaged F1 score. We
showed that feature vectors can improve extraction of discriminative words and succeeded
to achieve state-of-the-art results, which we consider the main contribution of our work. We
showed that extracted discriminative words are good for text categorisation, but that also
implies the semantic quality of the underlying representation.
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