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Abstract

Purpose: The question of what methods have been used by researchers to solve a
given scientific problem is an important question for a researcher who intends to
address that scientific problem. Important concepts and methods in any field of
science are mentioned in the technical terms of that field. Therefore, the "usage"
relationship between technical terms is of considerable importance. The purpose
of this research is to establish a method that recognizes the usage relationship
between terms present in the titles of scientific articles and to include those terms
and the usage relationship between them in an ontology. ldentifying and
recording the usage relationship between terms, when implemented on a large
scale, reveals what approaches are examined by researchers to address a given
task.

Method: This research is applied in purpose and qualitative in nature. The
primary data are the titles of articles in a selected scientific journal, a specified
time period. We propose a method which detects technical terms present in the
title of scientific articles, finds two relations between those terms, namely the
hyponym-hypernym and usage relations, and inserts the result into an ontology.
First, the noun phrases present in the title of the article are detected. These noun
phrases are the technical terms, with some reservations. Our method focuses on
titles in which two technical terms are related through a connector, which
semantically indicates usage. Such cases are inserted into the ontology after
detection. In addition to the usage relation, a hyponymy relation is also proposed
based solely on the syntactic structure of each found noun phrase. Appropriate
inference rules are designed in the ontology, based on which the usage relation
between terms is inherited from the hyponym to the hypernym. Although the
usage relationship between the article title components can also be extracted
using large language models, performing this for a large number of article titles is
costly. In addition, it will be necessary to analyze the response of the language
models. Also, the need for inclusion in the ontology will remain.

Findings: To evaluate the method, the titles of one year of articles from a
scientific journal were used. After implementing the method, the ontology was
examined. In 69% of the titles which contained the pattern of this study, both
noun phrase, i.e. the used term and the using term, were completely extracted. In
17% of the titles with the pattern, one or both noun phrase, i.e. at least one of the
two terms, were incompletely extracted, so that the extracted part is semantically
correct but does not contain the entire meaning of the title. In 14% of the titles
with the pattern, at least one of the two noun phrase, i.e., the technical used term
or the using term, was extracted incorrectly.

Conclusion: Since the proposed method is automatic, it can be applied to a large
number of scientific articles. To increase accuracy, it is suggested that other
connectives be considered in the analysis of the article title, in addition to the
connectives that reflect the usage relationship.
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Introduction

In various scientific fields, there are problems and requirements that
researchers try to solve or improve existing answers to. When a
researcher wishes to become familiar with the research literature on a
certain problem, one of their first questions would be what solutions
researchers have tried to address that problem. It is clear that knowing
the answer to this question will be helpful in the early steps to study
the research literature on the subject.

This study is a step towards addressing this requirement.
Specifically, we investigate the hypothesis that syntactic analysis of
the titles of scientific articles can lead to the extraction of usage
relationships between the scientific terms present in them.

Purpose

The purpose of this research is to establish a method that recognizes
the usage relationship between terms present in the titles of scientific
articles and to include those terms and the usage relationship between
them in an ontology. Identifying and recording the usage relationship
between terms, when implemented on a large scale, reveals which
approaches researchers have examined to address a given task.

Method

This research is applied in purpose and qualitative in nature. The
primary data are the titles of articles in a selected scientific journal, a
specified time period. We propose a method which detects technical
terms present in the title of scientific articles, finds two relations
between those terms, namely the hyponym-hypernym and usage
relations, and inserts the result into an ontology.

For any given title such as x, the noun phrases contained in x are
found through syntactic analysis. Each of these noun phrases is a
candidate for a scientific term with some caveats. Then, the
conjunction between two consecutive noun phrases is considered. If
the conjunction indicates a usage relationship between the two noun
phrases before and after it, this relationship is extracted and noted
along with those two noun phrases. For example, if in examining the
title of the article x, eeeciiii aaiinn “y for z” sssee,, nncccch y and z
are two noun phrases, it is found that the term y is used in the term z.
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In this case, this relationship is selected for inclusion in the ontology
add eee eeeeecee eln X, y is used for z” ss eeeecece nneee 11111 11 y.
eee ceeee cssss siiii eered nn... s dddd are “rrr”, “ggggg, “iia” add
“gegegs’.

Also, for each noun phrase consisting of several words, a
hypernymy relationship is established and included in the ontology.
For example, the noun phrase "fast Fourier transform™ generalizes to
"Fourier transform”, and the latter generalizes to "transform". As
arrrrrr - tttt acce, eee ww tttt tttt  tttss  “mmge eegaaaaa ad””’ add
....... . aaaaa ad”” aee hynnny““* ““ “ “egaaaaa ad””.

In the ontology, there are inference rules that provide for the
transmission of the usage through the hypernymy relation, from the
specific term to the general term. Strictly, if y is used in z, y is
generalized to y; and z to z;, the inference rules provide that y; is used
inz,yisused in z;, and y; is used in z;.

Findings

To evaluate the method, the titles of the articles in the year 2024 of the
International Journal of Machine Vision — one of the leading journals
in the field of Computer Vision — were used. The proposed algorithm
was implemented in Python 3.13. An ontology was constructed in
OWL 2 and viewed in Protégé 5.5.0. The HermiT 1.4.3.456 reasoning
engine was used for reasoning.

After implementing the method, the constructed ontology was
examined. In this evaluation, in 69% of the titles that contain the
pattern of interest in this study, both noun phrases, i.e. the used term
and the using term, were properly extracted. In 17% of the titles
containing the pattern, one or both of the noun phrases, i.e. at least one
of the two terms, were incompletely extracted, so that the extracted
part is semantically correct but does not contain the entire meaning of
the title. In 14% of the titles, at least one of the two noun phrases was
incorrectly extracted. The error in extracting the usage relationship is
mainly due to the presence of more than two noun phrases that are
related by more than one connector. In other words, in relatively long
titles with more than one connector, incomplete or unrelated noun
aaaaee aa y be exaaz.... eee 000 ceeeeciiees “a””” add “”””” 7ee
the highest frequency.
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The ontology formed in this experiment has 504 terms, of which
108 terms are without generalization, meaning that they are not in a
hyponymy relationship with any more general term. Recall that the
ontology was formed based on the titles of the sample set under test. It
is expected that if the method is applied to a larger set, a larger
ontology will be obtained.

As an example, it was investigated which terms are employed by
eeerrrm “eecogttt 7 “cerr ggggooeee rrrmed 11111 11 y? eee eesult is

nnnnn nnFigrre .. It can ee eeen tttt trecogttt ™’ eeeeeece rrmm
eee syccccic geneaaiizaiinn ff 6 rrrrr rrr,,,  hhhh hs “ooooo
ocogttt ..... . ach rrrm nn eee gggt eeee ee hle iigrre ss dddd nna

hynnnym eemm ff “recggttt,,,,, ececce eeey aee all used in
“eecogttt bbbb tb rratttt iii ty ee eeee oyuuuu uuuuwh geneaaiizaii...

Figure 1. Terms used by hyponyms of “recognition”

Conclusion
The method proposed in this study can be extended to a large set of
titles. The method has positive features for scalability. First, since the
titles of research articles are freely available, collecting the input
collection does not require any expense. Second, leading publishers
have provided software interfaces for collecting meta-content.
Therefore, collecting a large collection of article titles can be done
mechanically.

To increase accuracy, it is suggested that connectives, other than
those used in the present work, be considered in the analysis of article
titles. Another suggestion would be to form a large corpus of scientific
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article titles in the desired fields, which could greatly help in building
ontologies on a real scale.
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json format with the following fields: "entity1", "relation”, "entity2"
{{{Fast Fourier Transform for Image Segmentation}}}
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