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Abstract:

Semantic relations are fundamental for understanding the nature of the connection between two concepts in a
domain. This paper presents a model for extracting semantic relations for the representation of knowledge
from academic documents in the context of the Portuguese language. A Web information system called Se-
mantizar was developed to support the extraction of semantic relations from classificatory structures that rep-
resent specific academic documents. To evaluate the qualitative performance of Semantizar, a case study was
carried out, which pointed to important contributions to research about semantic relations extraction. Accord-
ing to outcomes, when two concepts of a classificatory structure exist in a sentence, a semantic relationship
between them can actually exist. Finally, it is concluded that this research is relevant because it brings im-
portant findings for the extraction of semantic relations for the knowledge representation of academic docu-
ments to be applied in the Brazilian scenario.

1.0 Introduction

Semantic relations are fundamental for understanding the nature of the connection
between two concepts in a domain. According to Khoo and Na (2006) and Green, Bean
e Myaeng (2011), concepts can be seen as blocks of knowledge, and relationships are
links that connect and hold these blocks together within the structures of knowledge in
people's minds.

Some factors can influence the specification of semantic relations, including lan-
guage and culture. According to Khoo and Na (2006), it is difficult to analyze the mean-
ing of concepts and their relations when they are taken apart from language because
each language has its characteristics and is linked to the cultural factor. According to
Khoo and Na (2000), it is difficult to analyze the meaning of concepts and their relations
when they are taken apart from language because each language has its characteristics
and is linked to the cultural factor. Therefore, in the literature review conducted by Maia
(2018), was identified the lack of research concerning the theme in Brazil.

Subsequently, a Semantic Relations Extraction Model was formulated. This model’s
goal is to be a theoretical construction of a way of establishing relationships between
concepts from academic document, in order to create semantic structures. The model
was expanded to a computational prototype called Semantizar.

2.0 The Semantizar

The following procedures were observed in the development of Semantizar: (1) spec-
ification, (2) data modeling, (3) architectural design, and (4) prototype implementation
in a Web system. Of these, the specification and the prototype implementation will be
presented in this paper.

In the first stage of the development of Semantizar - specification -, was made the
description of the algorithm for the Semantic Relations Extraction Model, which con-
siders as inputs a classificatory structure and its respective academic document, from
which the structure originated. The classificatory structure is broken down into concepts
and the academic document is decomposed into sentences.
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After this decomposition into concepts and phrases, the Semantizar scans all the
phrases searching for pairs of concepts. In the first scan, the pair of concepts 1 and 2 is
enhanced, then is checked their existence in each sentence until the last one, regardless
of the discovery of a pair of concepts in a sentence. In this way, the search is done
throughout the document. If the concept pair is found in a sentence, that sentence is
highlighted, so that a manual check confirms or denies the existence of a semantic rela-
tionship between these concepts. Then, the Semantizar combines the concept 1 with all
the other concepts of the classificatory structure, checking whether each combination
exists in a sentence. Upon ending the combinations with concept 1, the Semantizar sub-
sequently makes combinations with concept 2 and checks whether they exist in all sen-
tences. In this way, the Semantizar makes combinations of pairs of concepts with all the
concepts of the classificatory structure and checks the existence of each of these pairs
in each sentence of the academic document, from the first to the last one, as illustrated
in Figure 1.
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Figure 1: Search iterations of pairs of concepts in the sentences of the academic document.

The prototype implementation phase was divided into three activities: (1) data input,
(2) reading and preparation and (3) extraction of semantic relations. The Figure 2 shows
de initial interface of Semantizar prototype.

In the data input activity (1), the user informs the metadata of the academic document
from which intends to extract semantic relations, and then sends the files of the publi-
cation and classificatory structure. The publication being a .pdf file and the classifica-
tory structure being a plain text file with .txt extension.
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Figure 2: The initial interface of Semantizar.

In the subsequent activity, reading and preparation (2), the Semantizar checks
whether each term of the classificatory structure exists in the database. If the term does
not exist, it is automatically registered by the system in way: The PHP programming
language, chosen for the implementation of the model, allows text files to be converted
into vectors. In this sense, the file that refers to the classificatory structure is automati-
cally converted into a vector of terms, in which each line of the structure (which refers
to a term) is transformed into a position of the vector. Therefore, the algorithm goes
through each position of the vector, checking if the content of the position, which is the
term of the classificatory structure, exists in the database; if it does not exist, the term is
automatically registered by the system as a noun. This was established because, gram-
matically analyzing, the terms of the classificatory structure denote the nouns.

The second task of the reading and preparation activity is the preparation of the pub-
lication file (which is an academic document: a thesis or a dissertation) for the manipu-
lation that will occur in the next activity of the prototype. Due to the programming lan-
guage chosen for the implementation, it was necessary to convert the text in .pdf format
to a temporary file in .txt format.

The activity of extracting semantic relations (3) is considered the most important,
being the core of the Semantic Relations Extraction Model. It consists of two tasks: the
first searches for pairs of terms from the classificatory structure in sentences of the pub-
lication to which the structure refers. The temporary file of the academic document cre-
ated in the previous step is transformed into a string (variable that stores alphanumeric
characters). Subsequently, this string is decomposed into a smaller string each time a
period (.) is found in the file. In this way, each position of the vector is a sentence of the
publication, separated by a period. Then, the sentence vector is scanned seeking terms
of term vector in each sentence vector position. If a term is found in the sentence, the
Semantizar goes through the other positions of the vector of terms checking if there is
another term of the structure in the same sentence. In affirmative case, the sentence is
taken to compose the interface created for the user to validate the semantic relationship.

The validation of the semantic relation is the second task of the relation extraction
activity. If the user agrees that there is a semantic relation between the two concepts of
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the classificatory structure found in a sentence in the publication by the Semantizar,
(s)he is directed to semantic relation register interface.

In the register interface the user specifies the semantic relation according to judgment
when analyzing the sentence. Besides that, the user determines the type of semantic
relation, the inverse relation, if any, and points out the properties: symmetry and reflex-
ivity. The transitivity property was not considered because it is understood that it applies
to ternary relationships, which is not the case in this paper.

The types of semantic relations that appear in Semantizar were the result of a litera-
ture review by Maia, Lima and Maculan (2017), which elaborated a taxonomy with 63
types of semantic relations classified as hierarchical, equivalent and associative.

3.0 Case study

To evaluate the efficiency of Semantizar in the extraction of semantic relations, a
case study was carried out. It was organized according to the Experimentation Process
methodology proposed by Wohlin et al. (2014), which considers three stages: (1) defi-
nition of the case study, (2) planning and (3) operation.

In the first stage, definition of the case study (1), it was determined: (a) the object of
the case study, which is the semantic relations; (b) the objective: to verify the efficiency
of Semantizar; and (c) the context, which are theses and dissertations in the domain of
Knowledge Organization and Representation.

After the case study definition phase, the second stage, planning (2), follows. Ac-
cording to Wohlin et al. (2014), this stage basically indicates “how” the case study will
be conducted. Thus, in planning, it was established: (a) the sample and (b) the analysis
of the data to be collected.

For the sample, was chosen the faceted structure of MHTX, by Lima (2004) and the
thesis Fatores Interferentes no Processo de Andlise de Assunto: Estudo de Caso de In-
dexadores (Interfering factors in the process of subject analysis: indexer case study), by
Naves (2000). The MHTX is an in-context hypertextual navigation model to organize
theses and dissertations, aiming to support the reading and retrieval of these documents
in Digital Libraries of Theses and Dissertations. In the MHTX prototype three naviga-
tion tools was created: the expanded summary, the concept map and the faceted struc-
ture. In its implementation, the Naves’s (2000) was used aforementioned thesis to in-
stantiate the tools created. Among these tools, the faceted structure presents the charac-
teristics of the desired sample for Semantizar.

As mentioned in the planning stage, in addition to defining the sample, the analysis
of the data was determined. In this case, was decided to perform quantitative and qual-
itative analyses in order to identify: (I) the number of semantic relationships suggested
by the application due to the amount of semantic relations that actually exist (this factor
is important in order to evaluate whether the Semantizar has the potential to automati-
cally extract semantic relations); (II) the concepts that are most likely to be semantically
related (this parameter can point to the key concepts of the analyzed publication); (III)
the characteristics of the semantic relations found; and (IV) the parallel between concept
relationships in the original faceted structure and the resulting representation from Se-
mantizar.

Following the case study process, the next step is the operation (3). This phase con-
sists of the execution of the previously defined and planned case study (Wohlin et al.
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2014). For this, three procedures were necessary. The first was preparation, which in-
volved the clipping of the sample from the classificatory structure and the publication,
selecting subjects from the Personality facet, as can be seen in Figure 3. In this case, the
terms idea, thought and concept were broken down. Regarding the academic document,
we decided to consider chapters 2, 3 and 4 of Naves’s thesis (2000). This choice was
due to the fact that these chapters constitute the conceptual definitions in the thesis in
question. Figure 4 shows the thesis’ summary, in which these chapters can be seen. We
also decided to remove images from the chapters, since Semantizar cannot support im-
age analysis. The second procedure, execution, comprised the processing of the sample
snippets on Semantizar. Finally, the last procedure was the validation, in which a refine-
ment and compilation of the data collected was made in order to avoid interferences in
the data analysis and interpretation. Both in the validation of the data and in the results,
the concepts were observed individually and with their pairs.
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Figure 3: Snippet of MHTX faceted structure
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Figure 4: Fragment of the expanded summary of the Naves (2000)
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4.0 Results

Figure 5 presents a conceptual map generated from the classificatory structure with-
out Semantizar. In this Figure, it appears that the explicit semantic relations are due to
the naming of the sub-facets used by Lima (2004) (see these sub-facets highlighted in
Figure 3). Also, it is observed that there is a semantic relation between information pro-
fessional (Profissional da Informagdo) and librarian (Bibliotecario) created from inden-
tation that denotes a type of hierarchy. However, it was not possible to specify what the
semantic relation really is.

Figure 5: Clusters resulting from conceptual map of the MHTX faceted structure without Se-
mantizar.

In the organization of the faceted structure in the concept map, the presence of two
clusters is verified, as highlighted in Figure 5. The first group consists of concepts re-
lated to text (texto), and the other consists of concepts related to indexer (indexador). In
clusters, objects belonging to a group are related to each other, however, they do not
relate to concepts that are outside of their group. Therefore, in the conceptual map gen-
erated from the semantic relations found in Semantizar, there is a cohesion between all
concepts in such way that these clusters are not possible to be obtained, that is, the con-
cepts are all related to each other, as seen in Figure 6. With the use of Semantizar, it was
possible to explicit 101 semantic relations.

5.0 Contributions

The relations between all concepts were possible with the support of Semantizar,
which allowed the creation of a representation that covered every concepts of a seman-
tically related classificatory structure. So, the user can view all possible relations be-
tween the concepts. Therefore, Semantizar achieved its goal of semantically enriching
a classificatory structure.

The performance of the case study, within the scope presented, was possible due to
the computational support of Semantizar. This task performed manually could demand
time and effort on the part of the professional who executes it. In this sense, Semantizar
facilitated the extraction and explanation of semantic relations, essential for the
knowledge representation, semi-automating this task. Thus, the Semantizar contributed
to the knowledge representation based on a classificatory structure, showing itself to be
objective when detecting two concepts in a sentence from extensive text. The identifi-
cation of concept pairs within sentences is one of the most laborious steps in the context
that Semantizar was created to operate.

© Ergon - ein Verlag in der Nomos Verlagsgesellschaft



251

’ tom akgumas caracteriiicas 9o

T

= .}u‘%_ B emciationio
“igm—— "~

: ] ==
ke [P i)

( m'{m"‘ ._ \ )
o

faz andiise de sssunto do

St TR w5
confeece ﬂ'.lut‘urﬂrr-‘.' ?1'_

sntitia chpteddo do |

trata mrm-.u_;M'."""’m] c
e e

i . ! —
Tl taz vt espuinics 3 ——1
..-/,//

e o 1
.-muvt--—)w&

/

B /
e i
— ; -

Y=g v fipo de
& musimatricamente BoNtrans 4

AN

7

! . _/_,i_.__,r_ um tigo V’f
\

@ pspmetricamente contrina a

Figure 14: Conceptual map of the semantic relations established in the case study.

Therefore, through Semantizar, it was possible to establish 101 semantic relations,
including inverse ones, in 53 different concept pairs, based on a classificatory structure
containing 22 concepts. With that, it was possible to improve the semantics of the sam-
ple.

Another important contribution of Semantizar was that, in a way, it acted as a vali-
dating agent of the classificatory structure, as it indicated 199 signs of semantic relations
in 131 sentences from the snippet of the academic document from which the classifica-
tory structure originated. It is believed that this amount of evidence is an important in-
dicator to suggest that the structure relevantly represents the academic document. An-
other important factor in this regard concerns the sentences in the academic document,
as some of them encompassed more than a clue of semantic relation, which reinforced
confidence in the classificatory structure.

In addition, it was possible, through Semantizar, to indicate the most important con-
cept pairs for the academic document. During the analysis of the data, it was found the
concept pairs that occurred most frequently were the most relevant in the represented
domain. In the case of the sample, two pairs stood out: indexer and document (indexador
e documento) and indexer and text (indexador e texto). Considering these pairs were
extracted from the thesis entitled Interfering factors in the process of subject analysis:
indexer case study, by Naves (2000), it can naturally be said, even without reading the
entire content of the academic document, that such pairs are the most important in the

© Ergon - ein Verlag in der Nomos Verlagsgesellschaft



252

domain. Consequently, Semantizar also indicated the most important concepts for the
academic document. In the same way as for the pairs of concepts, considering the con-
cepts that occurred most frequently in the semantic relations, it can be said that the most
important ones in Naves’s thesis (2000) were indexer (indexador), text (texto) and doc-
ument (documento), also taking into consideration that text and document were classi-
fied as almost synonyms, which also indicates coherence in determining this semantic
relationship.

It was also found during the analysis that, many times, the inverse relations were not
possible because the relations were indirect, the concepts existed: subject (assunto),
content (conteudo) and information (informag¢do). Therefore, it was discovered that
these concepts should compose the classificatory structure due to the fact that they re-
peatedly occurred and that they are representative for the domain. Similarly, it was no-
ticed the concepts with the most evidences false in the context in which they were found
were those that are routinely used in academic documents, such as concept (conceito),
idea (ideia) and authors (autores). In this sense, a review of the classificatory structure
to indicate whether they remain to represent the academic document was suggested.
Thus, in pointing out these suggestions, it can be said that Semantizar can operate to
refine the classificatory structure.

It was also noted that the extraction of concepts can be performed from lists of terms,
as the inherent hierarchy of the classificatory structure was not decisive in Semantizar
for the indication of the existence of a semantic relation.

Finally, the case study carried out made important contributions to research on the
extraction of semantic relations. Those contributions are: 1) The presence of two con-
cepts in a sentence is an indication of the existence of a semantic relation between these
concepts; 2) A pair of concepts can have more than one semantic relation; 3) A pair of
concepts can have the same semantic relation, even in different contexts; 4) The context,
and the knowledge about it, is fundamental for determining the type and/or subtype of
the semantic relation for the same pair of concepts with different relations; 5) The de-
termination of semantic relations, in the way it was treated by Semantizar, depends on
human interpretation; 6) The verbs are the main grammatical class for defining a seman-
tic relation and; 7) Not all semantic relations can be explained.
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