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Abstract. In this article, we use the model adjectives using a vector space model.
We further employ three different dimension reduction methods, the Principal
Component Analysis (PCA), the Self-Organizing Map (SOM), and the Neigh-
bor Retrieval Visualizer (NeRV) in the projection and visualization task, using
antonym test for evaluation. The results show that while the results between the
three methods are comparable, the NeRV performs best of the three, and all of
them are able to preserve meaningful information for further analysis.

1 Introduction

Large number of studies indicate that methods using co-occurrence data provide use-
ful information on the relationships between the words, as words with similar or re-
lated meaning will tend to occur in similar contexts [[1]]. This intuition has been care-
fully assessed, in particular, for nouns and verbs. In this article, we study whether co-
occurrence statistics provide a basis for automatically creating a representation for a
group of adjectives as well. Further, we compare dimension reduction methods, in par-
ticular, the Principal Component Analysis [2], the Self-Organizing Map [3]] and Neigh-
bor Retrieval Visualizer (NeRV) [4] affect the quality of the final representation. We
study the neighborhoods of the adjectives in the created vector space, and use antonyms
pairs to evaluate the result.

Nouns and verbs have received much more attention than adjectives in language
technology, knowledge engineering and related research fields. For instance, the nodes
of ontologies are mainly entities labeled with nouns. In linguistics, verbs have been
the subject of very active study as verbs usually serve as the ordering elements of a
sentence. Adjectives are not very well described in ontologies, but Wordnet and Eu-
roWordnet have considered including a small set of lexical conceptual relations that
allow to encode adjectives.

The Self-Organizing Map has been earlier used in several studies to create word
clusters automatically from statistical features obtained from corpora. In [S], analysis
of 150 English word types was carried out using the self-organzing map. The resulting
map divided into separate areas of verbs and nouns, with nouns further dividing into
areas of animate and inanimate nouns. The verbs were studied in [6], where a verb
map was created using features, such as case marking and adverbs. The resulting verb
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clusters depicted organization related to emotional content. In addition, [7]], an adjective
map based on emotive aspects of words was created with manually provided features.

2 Methods

The word vector space model is a standard method for representing text data in numeri-
cal form. In the model, words are represented as feature vectors. Features of a word are
often words that co-occur with it in a certain context or window [8]]. We obtain feature
vectors statistically from a corpus, using a window of a small size, and counting the
co-occurrences of the feature words that appear with the target word in this window.
The similarity of the words can be then measured as the Euclidean distance between
them in the vector space.

The original dimensionality of the vector space is usually high and dimesion reduc-
tion methods are needed. This can be done by either feature selection, i.e. selecting a
subset of the original features that give most information of the object in question, or
by feature extraction, using features that are combinations of original dimensions. Both
are frequently applied to word vector spaces.

Generally, a dimension reduction method is good, if the neighbors of the data points
in the original space can be retrieved well based on the projected points in the visual-
ization. We use three feature extraction methods that project the data to two dimensions
for visualization purposes, the Principal Component Analysis [2] the Self-Organizing
Map (SOM) [3]] and the Neighbor Retrieval Visualizer (NeRV) [4]. In the following, we
give the basic details of each method.

The PCA is an orthogonal linear transformation which transforms the possibly cor-
related data into new variables, in such a way that the greatest variance lies on the
first principal component and most of the variance is contained in a few first principal
components. This makes it a practical tool for dimension reduction, as the remaining
components can be dropped with minimal loss of information.

The SOM is a classical unsupervised learning method which typically produces a
two-dimensional discretized representation of the input space. It preserves the topolog-
ical properties of the input space, which makes it an useful tool for visualizing high-
dimensional data.

The novel NeRV method for nonlinear dimensionality reduction and data visualiza-
tion [4]] conceptualises the dimensionality reduction as an information retrieval problem
and rigorously quantifies the goodness of the dimension reduction method in terms of
precision and recall. The NeRV algorithm [9] is able to optimise the cost function (IJ)
that allows an optimal balance between these two. The cost function is given as

Enerv = MEi[D(pi,q:)]] + (1 — M) Ei[D(qi, pi)] )

where E;[D(p;,q;)] is the number of misses and E;[D(g;, p;)] the number of false posi-
tives. Minimising E;[D(p;,¢;)] maximizes the recall, and minimizing E;[D(g;, p;)] max-
imizes the precision. The relative cost parameter A can be used to focus to either of
them.
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Fig. 1. Comparison of different methods used to create an adjective space based on word co-
occurrence statistics. The y-axis shows the percentage of antonyms successfully found for the
72 test adjectives among the n nearest neighbors and the x-axis provides different values of n,
from 1 to 10. The high-dimensional spaces are marked with an asterisk (24868 dimensions) and
a circle (500 dimensions). The methods for creating the 2-dimensional projection from the 500-
dimensional data are the NeRV (marked with a square), the SOM (marked with a triangle), and
the PCA (marked with a plus sign).

3 Experiments

The objective of the experiments was to study the effect of the dimension reduction on
the data and see whether there are differences in the dimension reduction methods. The
text collection used in the experiments was extracted from English Wikipedia articles.
The statistics of the two closest context words were collected for each of the 72 adjec-
tives included in the analysis. For each adjective, a 24868-dimensional feature vector
was created. The original feature dimensionality contains all the words that occur in
the collection over 100 times. We then reduced the dimensionality of matrix by feature
selection: Only the 500 words that occur most frequently with the 72 adjectives are
included. Further, we use the matrix with 500-dimensional feature vectors to project
the data into two dimensions using the PCA, the SOM and the NeRV. The PCA was
implemented using standard Matlab functionalities, the SOM with its common func-
tionalities using the SOM Toolbox. The NeRV is implemented in the dredviz software
package developed for information visualization[]

! The software package, developed in the Adaptive Informatics Research Centre, Aalto Univer-
sity School of Science and Technology, is available at
http://www.cis.hut.fi/projects/mi/software/dredviz/
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Fig. 2. The set of adjectives used in the study projected into a 2-dimensional space using the
Neighbor Retrieval Visualizer (NeRV) method. The words in bold have the antonym in their
local neighborhood.

There does not seem to exist a consensus among linguists on how adjectives should
be divided into categories in general. We then considered two alternatives, i.e., syn-
onyms and antonyms. Antonyms are words that have an opposite meaning, and syn-
onymous words have a same or almost the same meaning. They both offer a means
for evaluating the ordering of the obtained vector space. As synonymity is not clearly
defined, we used the antonyms for which the definitions are clearer. Each adjective had
an antonym in the set: long—short, good—bad, etc. We then calculated the recall, that is
checked whether the antonym could be found within the [1,2,...10] nearest neighbors.
The result of this experiment is presented in Fig. [l

The fact that the high-dimensional spaces provide higher percentages than the 2-
dimensional spaces is understandable. Lower-dimensional spaces are often used to reach
lower computational complexity. Moreover, a 2-dimensional space is particularly useful
in visualization. Thus, it is to be noted that the nearest neighbors in the case of SOM,
NeRV and PCA were calculated in the 2-dimensional space. The NeRV method seems
to reach better performance than the SOM which again exceeds the performance of the
PCA method. Figure [2 shows the results for the NeRV. We can see that many antonym
pairs are located close to each other in the visualization. The pairs ancient-modern,
old-new and early-late form their own cluster in the top-left corner of the figure. An-
other group is formed by the pairs hot-cold, dry-wet in close vicinity with cool and
warm. Other pairs close to each other include poor-rich, innocent-guilty, happy-sad and
difficult-easy.
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4 Conclusions and Discussion

In this article, we studied the representation of the adjectives based on the short context
they appear in. The results, based on an antonym test, show that the context provides
a reasonably good means for automatically extracting meaningful relationship between
adjectives. While the NeRV performs best in this setting, based on this evaluation, all
methods tested preserve meaningful information for further analysis.

The antonym test is a very simple evaluation method which only measures one side
of the problem: whether the words with opposite meaning can be found close to each
other in the word vector space. A closer look at Fig.Rlreveals that there are several other
words for which the meaning is close or which seem to belong to a same category as
well. To obtain concrete results, though, we would need linguistically or semantically
defined groupings of adjectives and lists of adjectives in each group - which we could
then use as a basis of more thorough evaluation.
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