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Abstract. The lack of availability of gold standards for evaluation of
distributional thesauri is a stumbling block that prevents a direct com-
parison of alternative approaches in a uniform way. Here we present
B2SG, a TOEFL-like task for Portuguese that contains 2,875 tests with
semantic relations (synonyms, antonyms and hypernyms) for nouns and
verbs. The resource is validated by comparing it with lexical resources
and by human judgment. The resource was used for evaluating two dis-
tributional thesauri: one built from lemmata and the other from surface
forms. The evaluation of thesauri demonstrated that the use of lemmata
is slightly more accurate than the use surface forms for building distri-
butional thesauri. B2SG is readily available for download (http://www.
inf.ufrgs.br/pln/resource/B2SG.zip).
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1 Introduction

The importance of resources such as WordNet [5] can be measured by the num-
ber of initiatives dedicated to (re)produce them in other languages, such as
the EuroWordNet [15] and the Global WordNet Association [3]. For Portuguese,
such initiatives include Onto.PT [7], OpenWN-PT [13], WordNet.PT [10], Word-
Net.Br [4]. Manual construction of such resources is costly and time-consuming,
and normally ends up with low coverage. An alternative is the automatic con-
struction of distributional thesauri, that present semantic similarity between
words and are both language independent and applicable to any domain [9].

The automatic evaluation of such thesauri is a complex task, because of the
lack of resources with information on the similarity of words. Moreover, due to
the large scale of the resulting thesauri the evaluation cannot be done manually
by judges as it would consume too much time. An alternative is the evaluation
of thesauri based on their performance on a particular task. For instance, we can
approximate the concept of similarity by presenting an explicit semantic relation
between words, such as the TOEFL [8] and the WordNet-Based Synonymy Test
(WBST) [6] for English. For Portuguese, there are no specific gold standards for
the evaluation of distributional thesauri. Here we present the BabeNet-Based
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Semantic Gold Standard (B2SG)1, that builds upon the WBST, and we also
use this resource as a means to evaluate two distributional thesauri.

We discuss the methodology used for developing and validating B2SG in
Sect. 2. The creation and evaluation of distributional thesauri is then described
in Sects. 3 and 4. Conclusions and future work are presented in Sect. 5.

2 Constructing B2SG

The BabelNet-Based Semantic Gold Standard (B2SG) contains nouns and verbs
involving antonym, hypernym and synonym relations. Similar to Toefl [8] and
WBST [6], for each target word the B2SG lists 4 alternatives: one semantically
related word, and 3 unrelated words. For instance, for the target noun concor-
rente and the synonym relation, there are four alternatives: competidor, cortina,
amurada, and carmesim, among which the correct alternative is the first.

The data set was generated in 3 steps:

1. Selection of target words: we used a word frequency list from AC/DC
project2 to avoid low-frequency words. The number of senses of each word
was annotated using BabelNet [12], and words not found on BabelNet were
excluded from B2SG.

2. Selection of semantically related words: for each word in the frequency
list from step one we selected a set of semantically related candidates from
BabelNet. We then selected the candidate with closest frequency and number
of senses regarding the target word. A total of 10,000 nouns and 5,000 verbs
were chosen for synonymy and hypernymy, abiding to the restriction that
they were the closest in frequency3. The antonym category for both verbs and
nouns did not present the respective minimum of 10,000 and 5,000 words, so
we used all candidates, without applying a frequency filter.

3. Selection of unrelated words: using the list of words from Step 2 we
selected, for each target word, only words without explicit relation to it.
These selected words were randomly divided in groups of 3 words, and we
then selected the group with closest mean frequency and mean number of
senses in regard to the target word.

Using this process, we ensured that the target, related and unrelated words
were close in terms of frequency and polysemy. It is also important to clarify
that the same group of words were used in multiple test items, either as target,
related or unrelated word. After going through these three steps, we selected a
list of test items containing 4,734 target words (1,200 verbs and 3,534 nouns),
as shown in Table 1.

For a validation of B2SG, the data set was first evaluated against Onto.PT [7],
a thesaurus for Portuguese. As a second step, any relation that was not found in

1 A preliminary version of B2SG, yet without validation, was presented in [16].
2 Available at http://www.linguateca.pt/ACDC.
3 This list of 10,000 words include both target and related words.

http://www.linguateca.pt/ACDC
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Table 1. B2SG per relation

Synonyms Hypernyms Antonyms Total

Verbs 500 500 200 1,200

Nouns 1,667 1,667 200 3,534

Total 2167 2167 400 4,734

Onto.PT was manually evaluated by two native speaker human judges. As a result
25.4 % of the resource was found in Onto.PT, and another 35.3 % were validated
by human judges. From the initial 4,734 relations, 60.7 % in total were considered
valid, resulting in a gold standard with 2,875 validated relations.

Table 2. Semi-automatic validation

Antonym Synonym Hypernym Total

N V N V N V

Initial 200 200 1667 500 1667 500 4734

Onto.PT 40 51 676 244 191 0 1202

Human Judges 105 116 495 191 568 198 1673

Total Validated 145 167 1171 435 759 198 2875

% Correct 72,5% 83,5% 70,2% 87,0% 45,5% 39,6% 60,7%

As can be seen in Table 2, the validation resulted in more true positive rela-
tions for verbs than for nouns, and more for synonyms and antonyms than hyper-
nyms. In the case of nouns, many of the false positive candidates were proper
nouns (e.g. Martinho), letters (e.g. c), abbreviations (e.g. sr.), and foreign words
(e.g. punch and eau) present in BabelNet. When these words were among unre-
lated alternatives, they were replaced by other candidates following the same
criteria for frequency and number of senses as before. However, when they were
either among the target or related words, the whole relation was removed from
the resource. For hypernyms, many of the false positives were candidates evalu-
ated by the judges as synonyms, and, as they lacked the more general meaning
of a hypernym, they were removed from the resource.

3 Generating Distributional Thesauri

Since one of the possible applications of resources such as B2SG is the evaluation
of distributional thesauri, we decided to make an experiment that could be seen
as a baseline for future distributional thesauri for Portuguese. So here we describe
the corpus and methodology we used to generate two distributional thesauri that
were later evaluated against B2SG.
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To obtain a large representative corpus from which to generate the distribu-
tional thesauri we combined different Portuguese corpora and used their surface
forms and lemmata (Table 3) for training4. The whole corpus was parsed with
PALAVRAS [2], so that we had access to the lemmata.

Both distributional thesauri were then generated with word2vec [11], using
Skip-Gram with the following parameters: a vector size of 300 dimensions, a
context window of size 5, a downsampling threshold of 1e-5, a sampling of 5 for
the negative training algorithm, and a minimum frequency of 10 in the corpus.

Table 3. Corpus information

Corpus Surface Lemma

Types Tokens Types Tokens

brWaC 812 K 166.7 M 618 K 166.5 M

EuroPal 132 K 47.8 M 67 K 47.9 M

CETEN Folha 206 K 21.2 M 120 K 21.5 M

PLN-BR 582 K 34.1 M 479 K 34.1 M

CETEM Publico 611 K 166.6 M 330 K 138.9 M

Corpus Brasileiro 2.8 M 1G - -

Total 3.7 M 1.5 G 1.5 M 409 M

4 Distributional Thesauri Evaluation

The evaluation of both distributional thesauri was made by obtaining the sim-
ilarity values between the target word and alternatives for each test item in
B2SG. If the related word (correct alternative) had the highest similarity score
among the alternatives, the answer was considered correct.

We evaluated both thesauri using 2 criteria: a strict one, in which all 5 words
in a test item (target and all alternatives) had to be in the thesauri; and a
non-strict one, in which at least the target and related alternative had to be
present.5 The results of the evaluation are shown in Table 4, for the surface form
thesaurus, and in Table 5, for the lemmatized thesaurus.

The results obtained with both thesauri were comparable, and the thesaurus
built from the lemmatized corpus performed slightly better in general, even
though the corpus was more than three times smaller6.
4 The parsed corpus does not include the Corpus Brasileiro [1] because the lemma

information is different from the one in the other corpora, since it is not parsed with
PALAVRAS.

5 The results for the 2 criteria were very similar, because both thesauri had good
coverage in relation to the test items.

6 As Pennington, Socher and Manning [14] point out, larger corpora lead to better
statistics, so we can assume that a larger corpus of lemmatized forms would present
even better results.
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Table 4. Evaluation of the surface form thesaurus: strict and non-strict criterium

Test Type Strict criterium Non-strict criterium

Coverage Correct % Correct Coverage Correct % Correct

Antonym Noun 105 90 85.7 % 145 126 86.9 %

Verb 143 100 69.9 % 167 118 70.7 %

Hypernym Noun 545 432 79.3 % 756 606 80.2 %

Verbs 167 115 68.9 % 198 138 69.7 %

Synonym Noun 861 726 84.3 % 1167 997 85.4 %

Verb 366 275 75.1 % 433 332 76.7 %

Table 5. Evaluation of the lemmatized thesaurus: strict and non-strict criterium

Test Type Strict criterium Non-strict criterium

Coverage Correct % Correct Coverage Correct % Correct

Antonym Noun 98 82 83.7 % 143 123 86,0 %

Verb 141 110 78.0 % 167 132 79,0 %

Hypernym Noun 525 425 81.0 % 753 615 81,7 %

Verb 166 118 71.1 % 198 141 71,2 %

Synonym Noun 832 721 86.7 % 1162 1025 88,2 %

Verb 366 267 73.0 % 433 320 73,9 %

5 Conclusions and Future Work

In this paper, we described the development of B2SG, a TOEFL-like task for
Portuguese. We used a lexical resource for Portuguese to extract target words
that were similar in frequency and polysemy, resulting in almost five thousand
test items including nouns and verbs distributed among three relation types:
synonymy, antonymy and hypernymy. After automatic and manual evaluation of
the resource, B2SG presents 2,875 validated test items. Using an existing lexical
resource for the validation of B2SG made the evaluation faster, since more than
one fourth of the gold standard could be automatically validated before passing
on to human judgments.

We also used B2SG in an experiment that serves as a baseline for Portuguese
distributional thesauri. The test of B2SG was applied for the evaluation of two
Portuguese distributional thesauri: one from surface forms and the other from
lemmatized forms. On our results, the latter was in general slightly more accu-
rate, even if smaller, than the former.

As future work we plan to apply this methodology to build the resource for
other languages, and to extend the test items to include also adjectives and
adverbs.



338 R. Wilkens et al.

Acknowledgments. This research was partially developed in the context of the
project Text Simplification of Complex Expressions, sponsored by Samsung Eletrônica
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