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1 Introduction

The document is prepared to provide a formal dataset to evaluate and compare the performance
of a word similarity/relatedness measure with existing word similarity measures studied in NLP
(Natural Language Processing). The original data (i.e., the word pairs and human-scored simi-
larity value) come from [1]. We compute the other existing similarities through the web interface
provided by [2]. The web interface supports various measures including Path length [3], Lea-
cock & Chodorow [4], Wu & Palmer [5], Resnik [6], Hirst & St.Onge [7], Jiang & Conrath
[8], Extended Gloss Overlaps [9], Lin [10], Gloss Vector [2], and pairwise Gloss Vector [2]. It
is noted that most of the descriptions below about the word pairs and similarity measures are
copied from [1] and [2].

2  Word Pairs and Similarity Measures

2.1 Word Pairs

The word pairs collection contains two sets of English word pairs along with human-assigned
similarity judgments. The collection can be used to train and/or test computer algorithms im-
plementing semantic similarity measures (i.e., algorithms that numerically estimate similarity of
natural language words). The first set (setl) contains 153 word pairs along with their similarity
scores assigned by 13 subjects. The second set (set2) contains 200 word pairs, with their sim-
ilarity assessed by 16 subjects. Subjects’ names have been replaced by ordinal numbers (1..13,
or 1..16) to protect their privacy; identical numbers in the two sets do not necessarily correspond
to the same individual. All the subjects in both experiments possessed near-native command of
English. Their instructions were to estimate the relatedness of the words in pairs on a scale from
0 (totally unrelated words) to 10 (very much related or identical words) [1]. Among the 353
pairs, this document contains only 323 pairs after removing some meaningless pairs (e.g., FBI,
OPEC for abbreviation) in our own research.



2.2 Similarity Measures

A word similarity measure (we call it as a lexical similarity measure [11]) quantifies the com-
monality between individual words. A lexical similarity measure falls into lexical form (syntac-
tic information only)-based ones (in short, syntactic measure) and lexical semantics-based ones
(in short, semantic measure). The formal syntactic measures solely use the syntactic information
only such as letters/alphabets or the length of a word. Often used measures (in schema matching
field and others) include affix (or prefix and suffix), n-gram (typical ones are Tanimoto met-
ric and Trigram), Edit distance, and soundex. They are less accurate to accommodate the real
semantics behind a word, but still useful when no semantics information (e.g., thesaurus or dic-
tionary) is available and when abbreviations/acronyms are popular. The latter semantic measures
are incorporating the semantics or relationships among words with support of a formal lexical
knowledge resources (e.g., dictionary, thesaurus, and corpus) [11]. Some of existing semantic
measures (which are used to generate the formal dataset) are listed and described below.

o path (Path length [3]) A simple node-counting scheme. The relatedness score is inversely
proportional to the number of nodes along the shortest path between the synsets. The
shortest possible path occurs when the two synsets are the same, in which case the length
is 1. Thus, the maximum relatedness value is 1.

e Ich (Leacock & Chodorow [4]) The relatedness measure proposed by Leacock and Chodorow
is —log(length/(2 x D)), where length is the length of the shortest path between the two
synsets (using node-counting) and D is the maximum depth of the taxonomy.

The fact that the Ich measure takes into account the depth of the taxonomy in which the
synsets are found means that the behavior of the measure is profoundly affected by the
presence or absence of a unique root node. If there is a unique root node, then there are
only two taxonomies: one for nouns and one for verbs. All nouns, then, will be in the
same taxonomy and all verbs will be in the same taxonomy. D for the noun taxonomy
will be somewhere around 18, depending upon the version of WordNet, and for verbs, it
will be 14. If the root node is not being used, however, then there are nine different noun
taxonomies and over 560 different verb taxonomies, each with a different value for D.

If the root node is not being used, then it is possible for synsets to belong to more than one
taxonomy. For example, the synset containing turtledove#n#2 belongs to two taxonomies:
one rooted at group#n#1 and one rooted at entity#n#1. In such a case, the relatedness is
computed by finding the LCS that results in the shortest path between the synsets. The
value of D, then, is the maximum depth of the taxonomy in which the LCS is found. If the
LCS belongs to more than one taxonomy, then the taxonomy with the greatest maximum
depth is selected (i.e., the largest value for D).

e wup (Wu & Palmer [5]) The Wu & Palmer measure calculates relatedness by considering
the depths of the two synsets in the WordNet taxonomies, along with the depth of the
LCS. The formula is score = 2 x depth(lcs)/(depth(s1) + depth(ss)). This means that
0 < score < 1. The score can never be zero because the depth of the LCS is never zero
(the depth of the root of a taxonomy is one). The score is one if the two input synsets are
the same.



o res (Resnik [6]) The related value is equal to the information content (IC) of the Least
Common Subsumer (LCS) (most informative subsumer). This means that the value will
always be greater-than or equal-to zero. The upper bound on the value is generally quite
large and varies depending upon the size of the corpus used to determine information
content values. To be precise, the upper bound should be In (N) where N is the number of
words in the corpus.

e hso (Hirst & St.Onge [7]) his measure works by finding lexical chains linking the two
word senses. There are three classes of relations that are considered: extra-strong, strong,
and medium-strong. The maximum relatedness score is 16.

e jen (Jiang & Conrath [8]) The relatedness value returned by the jcn measure is equal to
1/jen_distance, where jen_distance is equal to /C'(synset; )41 C (synseto) —2x IC/(lcs).

There are two special cases that need to be handled carefully when computing relatedness;
both of these involve the case when jen_distance is zero.

In the first case, we have ic(synset;) = ic(synsets) = ic(lcs) = 0. In an ideal world, this
would only happen when all three concepts, viz. synsetl, synset2, and Ics, are the root
node. However, when a synset has a frequency count of zero, we use the value O for the
information content. In this first case, we return O due to lack of data.

In the second case, we have ic(synset ) +ic(synsety) = 2xic(ics). This is almost always
found when synsetl = synset2 = Ics (i.e., the two input synsets are the same). Intuitively
this is the case of maximum relatedness, which would be infinity, but it is impossible to
return infinity. Insteady we find the smallest possible distance greater than zero and return
the multiplicative inverse of that distance.

e resk (Extended Gloss Overlaps [9]) The Extended Gloss Overlaps measure works by find-
ing overlaps in the glosses of the two synsets. The relatedness score is the sum of the
squares of the overlap lengths. For example, a single word overlap results in a score of 1.
Two single word overlaps results in a score of 2. A two word overlap (i.e., two consecutive
words) results in a score of 4. A three word overlap results in a score of 9.

e lin (Lin [10]) The relatedness value returned by the lin measure is a number equal to
2 x IC(les)/(IC(synset1) + IC(synseta)). Where IC(x) is the information content of
x. One can observe, then, that the relatedness value will be greater-than or equal-to zero
and less-than or equal-to one.

If the information content of any of either synsetl or synset2 is zero, then zero is returned
as the relatedness score, due to lack of data. Ideally, the information content of a synset
would be zero only if that synset were the root node, but when the frequency of a synset
is zero, we use the value of zero as the information content because of a lack of better
alternatives.

e vec (Gloss Vector [2]) he Gloss Vector measure works by forming second-order co-occurrence
vectors from the glosses or WordNet definitions of concepts. The relatedness of two con-
cepts is determined as the cosine of the angle between their gloss vectors. In order to get



around the data sparsity issues presented by extremely short glosses, this measure aug-
ments the glosses of concepts with glosses of adjacent concepts as defined by WordNet
relations.

e vecp (pairwise Gloss Vector [2]) The Gloss Vector (pairwise) measure is very similar to
the “regular” Gloss Vector measure, except in the way it augments the glosses of con-
cepts with adjacent glosses. The regular Gloss Vector measure first combines the adjacent
glosses to form one large ”super-gloss” and creates a single vector corresponding to each
of the two concepts from the two “super-glosses”. The pairwise Gloss Vector measure,
on the other hand, forms separate vectors corresponding to each of the adjacent glosses
(does not form a single super gloss). For example separate vectors will be created for
the hyponyms, the holonyms, the meronyms, etc. of the two concepts. The measure then
takes the sum of the individual cosines of the corresponding gloss vectors, i.e. the cosine
of the angle between the hyponym vectors is added to the cosine of the angle between the
hlonym vectors, and so on. From empirical studies, we have found that the regular Gloss
Vector measure performs better than the pairwise Gloss Vector measure.

3 Computed Word Similarity

Table 1 at the end of this document summarizes the normalized similarities for every pair. It is
noted that some of the measures have no upper bound, we arbitrarily set the limit (e.g., 50 for
"lesk’).

4 Basic Analysis

Figure 1 summarizes MSE’s and correlations of the measures with the human judgment. Basi-
cally, the two metrics (i.e., MSE (mean squared error) and correlation) imply the same intuition
that a good similarity measure can quantify similarity/relatedness very close to that by humans.
The difference is that correlation is often used in NLP (natural language processing) to compare
the performance of a lexical similarity measure, while MSE is often used in machine learning
to evaluate the performance of a learner/classifier. In the point of correlation, ’lesk’ and ’vec’
are very good measures, while ’Ich’ and *wup’ are very good in the point of MSE as shown in
Figure 1, in which former bars indicate to correlation and the latter bars to MSE. To be easy, a
new lexical measure is desirable to have greater correlation than that of ’lesk’ or "vec’ or have
less MSSE than that of ’Ich’ or "wup’. One may design a new performance metric incorporating
both correlation and MSE as "new metric = correlation / MSE’. For this sense, ’Ich’ and *wup’
are best having 5.33 and 4.95, respectively (2.22, 5.33, 4.95, 2.72, 1.56, 1.46, 3.60, 2.03, 3.89,
1.13 for ’path’ to ’vecp’). In other cases, other measures such as 'misclassifed rate’, 'recall’,
‘precision’, 'F-measure’, ’overall/accuracy’, and so forth are more useful than correlation and
MSE.
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Figure 1: MSE and Correlation with Human Judgment

5 Conclusion

The document is prepared to provide a neutral dataset to evaluate the performance of a lexical
(word) similarity measure for future works. The dataset consists 11 measures (including human
judgment) and 323 pairs. In many research, correlation and MSE with human judgment are used
as a standard metric to compare the performance.
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