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Abstract

The current state-of-the-art techniques and algorithms for extracting information like metadata from
scientific publications like research papers have been methodically and thoroughly evaluated in this study.
This paper's major focus is on the literature review of the various Information Extraction models,
algorithms, and methodologies, and more especially on the structural information extraction from research
papers. This work is divided into several sections, each of which discusses a solution to a prospective
Information Extraction problem in order to cover the noteworthy Information Extraction approaches and
methodologies. The categorization of the present OBIE and a quick description of information extraction
and ontology-based information extraction come first. The most crucial ideas for understanding this work
are covered in the paper. It demonstrates how an Information Extraction (IE) problem from research
papers handles an unstructured text. The conventional IE systems and methodologies have been explained,
together with their explanatory findings. Finally, tables are used to offer a thorough overview of the
evaluation.
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Introduction

Information is provided to readers through documents. In the past, readers were people, but computers are
evolving into a new class. Compared to individuals, computers can gather information considerably more
quickly and store a lot more data. To take advantage of these computer powers, methodologies for data
extraction from documents must be developed. This is a result of these writings' general lack of
organization. The methods may be thought of as converters, taking unstructured texts and converting them
into more computer-friendly input and information output in a certain format. It is crucial to develop these
techniques as there are more and more unreliable documents available from the website and other
sources(Lim, Jeong, and Choi 2019).

Due to the increased requirement to extract structured information from texts, information extraction has
become more and more significant in research. The automated extraction of data from unstructured sources,
such as entities, entity relationships, and attributes that characterize entities, is known as information
extraction(Salloum et al. 2018). Information extraction (IE) is the process of looking for a preset set of
definitions in a certain domain while disregarding extraneous information. A corpus of texts plus an
information demand that is well-defined make up a domain. Or to put it another way, IE is the process of
separating structured factual information from unstructured text.

Data production is at an all-time high among people and machines. Finding usable data is made more
challenging by the quantity and variety of data produced. A technique called IE is used to separate
structured information from unstructured data. Unstructured information is expanding at incredibly fast
rates and has been rising recently, thus it is important to understand the primary issues in IE, mining, and
analysis. Unstructured data's complexity, variability, and scale are the key factors preventing the collection
of usable information. The key issues revolve around structuring unstructured data in order to enhance
representation.

Text In Data out
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Figure 1: IE transform an unstructured text into sets of facts
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Information extraction from text

Entities, relationships, facts, sentences, and other sorts of structured data are all extracted from the data
flow using the information extraction (IE) method. The performance of IE and data analysis are improved
by accurate and efficient data transformation. The management, processing, and analysis of unstructured
data may be aided by a number of IE techniques to extract structured and practical information from
unstructured data(Adnan and Akbar 2019). The findings from the source document are reported together
with a collection of documents (emails, web pages, newsgroups, news items, business reports, research
papers, blogs, abstracts, and proposals) that meet certain precise criteria(Adnan and Akbar 2019). Non-
structured data, or textual information, is carried by natural language documents without a specific data
model. As a result, neither the format nor the explicit communication of the content or connections that the
data reflect. The diversity of textual data makes working with it a difficult task. The various ways that
people express themselves and use various writing styles can all be characterized by the same
things(Popovski, Seljak, and Eftimov 2020). The IE process, which separates structured information from
unstructured data, is a crucial step in data analysis(Niklaus et al. 2018). The IE "extracts instances from
unstructured data from predetermined categories” in order to produce a structured and understandable
representation of the relationships between entities. One of IE's aims is to organize and make useful
information available. Documents are obtained as inputs, and many significant data representations that
satisfy various requirements are used. Using a structured style, IE approaches analyze free-form text to
efficiently extract the most crucial and significant information(Zaman et al. 2021). IE approaches' primary
goal is to extract the crucial information from the text in order to improve sources of knowledge or
databases(Safar 2020).

Ontology Base Information Extraction

Ontology-based information retrieval is an innovation that has recently occurred in the field of data
extraction (OBIE). Ontologies are used in this situation to extract information, and data is frequently
evaluated through an ontology. Remember that the formal and clear explanation of a mutual
conceptualization is what is meant by the term "ontology"(Biniam 2020). Ontologies are often established
for distinct areas. Information extraction and the process of extracting information for a certain domain are
fundamentally related, thus it may be helpful for this approach to describe the ideas of that domain clearly
and particularly using ontology(Vijayarajan et al. 2016). For example, the information extraction method
described above can be motivated by a geographical ontology that specifies concepts like "country," "city,"
and "province." This is the underlying principle of the ontology-based knowledge extraction method.
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‘FigAure 2: Ontolog'y-Based Informat-i‘on Extraction System
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An information extraction system that uses ontologies to present its output processes semi- or unstructured
natural language text to extract specific types of information. It should be noted that this idea calls for the
development of ontologies through the use of text-processing tools(Moltmann 2017) techniques for
locating (and displaying) ontology-related knowledge are also necessary. Despite the fact that the process
of extracting information is not often connected with the production of ontologies, it should be noted that
this is an essential stage in the process of extracting information from ontologies. Additionally, because it
identifies the related domain ideas and connections, the process of developing an ontology itself extracts
some information.

Classification of Current OBIE Systems

To better understand how existing OBIE systems function, a description of each along a number of
dimensions is discussed and defined in this section.

Information Extraction Method

There are now many different types of data extraction methods available(Allahyari et al. 2017).
Applications for OBIE adopted several of those methods(Rajbhandari 2019). Ontologies guide OBIE
systems to retrieve haveology-related information such instances and property values.

Building and updating ontology

The only ontology that OBIE systems can classify is the one that will be used to extract information. One
method is to use the ontology as a system input. This method allows for the manual construction of
ontologies as well as the use of pre-built ontologies. This strategy(Konys 2016, 2018) The majority of
OBIE systems appear to have adopted it.

Creating an ontology from scratch or building on an existing one might result in the creation of an
ontology. While some OBIE systems provide an ontology, they don't extract any instances. Additionally,
by adding additional classes and characteristics, the ontology may be modified during the information
extraction process. When recognizing instances and their property values in this circumstance, ontology
modifications are not taken into consideration.)

Extracted Ontology Components

An ontology is made up of many different components, including classes, data type properties, object
properties (including taxonomic relationships), instances (objects), instant property values, and limitations.
The Ontology Components allow OBIE systems to be categorized(Sibarani et al. 2017). Ontology building
systems typically extract only class information.

Systems that build ontologies and gather data about instances are the source of many ontology elements.
During the ontology construction process, class names, taxonomies, and the type of data are extracted.

Source Types

Despite the fact that all OBIE systems employ natural language to extract data from text, their sources
might vary substantially(Florrence 2020). Other systems have particular document format requirements or
target websites, while some systems can process any kind of text in a natural language. Most OBIE systems
are capable of handling any kind of document, including web pages and word processing files, but they
need a specific domain.
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Systems for the Extraction of Structured Information from Research Articles
The methods for extracting information from academic publications are covered in this section.
The CiteSeerX system

CiteSeerX was one of the earliest scientific literature search engines. This uses Autonomous Citation
Indexing (ACI), a programme for indexing academic works in electronic file types like Postscript and PDF
files. To create quotation indexes, CiteSeerX uses data extraction techniques(Wu and Giles 2020). CiteSeer
was designed to be extremely versatile, allowing the use of a variety of metadata extraction methods.

The ParsCit System

The ParsCit research is centred on extracting and parsing reference strings, or text strings that are
connected to a particular earlier work and appear in the bibliography or reference section of a published
work(Indrawati, Yoganingrum, and Yuwono 2019). Conditional Random Fields are used as the learning
mechanism across all tasks, which are all designed as supervised machine learning methods. In order to
categorise reference strings from an unstructured text file and determine the citation contexts, ParsCit tags
the reference string token sequences with Markov Random Fields(Lauscher et al. 2018).

ArnetMiner

To gather and mine data from virtual academic networks, a tool called ArnetMiner is used(Tang 2016).
This work prioritises the automated web-based extraction of researcher profiles because it uses Conditional
Random Fields models to overcome the labelling issue.

It is necessary to extract the value of the data from a researcher's personal profile, including the researcher’s
name, affiliation, homepage, phone number, and research interests. Due of the wide variations in research
website formats, this is a difficult challenge to handle(Sleeman, Finin, and Joshi 2015).

Bibliographic References Extracted from Patents

With regard to patent filings, Patrice Lopez created a framework for the automated recovery of
bibliographic references from multilingual writings(Romary and Lopez 2015). Utilizing Conditionally
Random Fields, the identification process is carried out. Depending on whether the function is applicable to
academic papers or patent documents, there are a number of differences for the CRF that is used as well as
some modifications, as references in academic articles are typically found in a separate section as opposed
to appearing in the text of patent documents. These alterations are connected to the characteristics
used(Sharma and Tripathi 2017). The target document's text body (such as a PDF) is initially extracted in
the first phase.

Methods and Models for Extraction of Structured Information from Research Articles

Over the years, many academics from the IE field have contributed to academic papers (Salloum et al.
2018). To obtain metadata, scientific literature uses a variety of machine learning and NLP techniques.
Some of the often utilized techniques include machine learning and rule-based approaches. Markov models,
vector support machines, and conditional random fields are a few of the machine learning methods
employed. The advancements regarding the extraction of information for each approach are described in
the section that follows.
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Rule-based Approaches

It describes a method of retrieving desired data using predefined instructions. For the purpose of extracting
metadata, many researchers have used rule-based techniques that are text-structure & format-focused. a
study that was released in (Azimjonov and Alikhanov 2018) utilizes guidelines that are based on textual
and geometric properties.

Tuarob, Mitra, and Giles (2015) A set of regular expressions should be used to extract information and
section titles (Title, Author Details, and Abstract). Section hierarchy, common section recognition (such
abstract and initiation), and section headers are all covered in the issue's three minor tasks. Authors use
regular expressions in the typical sections that track lexical patterns. Rizvi et al. (2018) provides a novel
method for extracting from manuscripts user-related table data. Regardless of the subject or contents of the
paper, the technique used applies standard, general terms and guidelines. In addition to being all-
encompassing, the approach is also powerful and capable of managing various document layouts that are
used while creating the papers.

Casali, Deco, and Beltramone (2016) recommends a system architecture to help administrators of
institutional repositories manage a small website's collection of Spanish and English text documents. As a
result, it is possible to locate documents that can be added to the repository.

Clark and Divvala (2015) It was released in English. It recommended using a rule-based technique to
identify the body text portions of the page's structure and deduce from the gaps where figures or tables may
be added. This approach does not make any solid assumptions about how the figures are organised in the
document, thus it can extract a broad variety of numbers as long as they differ from the text of the main
article. The technique works even when there is only one subtitle next to several photos, showing a
comparable sub-part as well. Ahmad, Afzal, and Qadir (2016), In this study, a comprehensive approach for
information extraction from CEUR Workshop research papers in PDF format is presented. The proposed
framework makes use of potent technologies transformed to two formats.

Kovriguina et al. (2015) focus on

e Creating an ontology that describes the paper's metadata and sources cited.

e Named entities' development of metadata extraction processes.

e Creating a tool to crawl PDF documents using metadata extraction techniques and distributing the
findings as Linked Open Data.

¢ A metadata library and PDF entire texts of articles were created in order to extract contextual
information.

e The metadata extraction library makes use of regular expressions based on named entity
extraction, acronym resolution algorithms, natural language processing techniques, and HTML
page style characteristics. The extraction processes for named entities need to be improved.

Choudhury et al. (2020) Create a simple model work in advance to extract metadata from scanned covers of
thesis and dissertations. First, scanned pages were turned into images, and then text files were produced
using OCR software.

Table 1: Accuracies against (Ahmad, Afzal, & Qadir 2016; Choudhury et al. 2020; Clark and Divvala

2015)
Datasets Precision Recall F-score
(Clark and Divvala 2015) 0.96 0.89 0.90
(Ahmad, Afzal, and Qadir 2016) 0.77 0.76 0.77
(Choudhury et al. 2020) 0.97 0.91 0.92

ISSN: 2308-7056 Zaman, Aslam, Mir, Irshad, Khan & Ayyaz (2022) 17



July 2022
Vol. 10 Issue.3

www.irbas.academyirmbr.com
International Review of Basic and Applied Sciences

Table 2 provides an overview of relevant research on rule-based methodologies, related work, and a
taxonomy of comparable methodologies.

Table 2: Summary of Rule-Based Approaches, Information Extraction from Research Articles

References Approach Features Datasets Metric
(Azimjonov Regular Expression Title, abstract, various open | Precision Recall F-
and keywords, page access measure
Alikhanov number, and text journals for
2018) content are extracted. computer
science

(Tuarob, Regular Expression Title, author CiteSeer X Precision Recall F-
Mitra, and information, the repository measure
Giles 2015) abstract, and section

headers are extracted.
(Rizvi et al. Regular Expression table extraction with Industrial Precision Recall F-
2018) captions reports measure
(Casali, Regular Expression Title, author different Precision Recall F-
Deco, and information, and digital measure
Beltramone affiliations are extracted | libraries for
2016) education
(Clark and Regular Expression Tables and figures with | 150 papers Precision Recall F-
Divvala captions are extracted in computer | measure
2015) science
(Ahmad, Regular Expression Title, abstract, section ESWC Precision Recall F-
Afzal, and headings, references, datasets measure
Qadir 2016) and figure and table

captions are extracted.
(Kovriguina Regular Expression Title, author ESWC Precision Recall F-
etal. 2015) information, and body datasets measure

of text are all extracted
(Choudhury Regular Expression Title, authors, years, thesis of the | Precision Recall F-
et al. 2020) graduates, and MIT and measure

institutions are Virginia

removed. Tech

libraries

Machine-Learning Based Approaches

The primary methods for extracting metadata from scientific papers using machine learning principles are
described in the section that follows.

Hidden Markov Model

The Hidden Markov Model (HMM) is successfully constructed and has solid analytic foundations. Their
reliance on the training specifics is the main drawback. It has a wide range of applications.

Conditional Random Fields
A mathematical model called the conditional random field (CRF) is capable of include the neighbourhood
effect. research that was published in(Tansazan and Mahdavi 2017) A framework for info extraction will be

shown.
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Support Vector Machines

Another technique for extracting metadata is called Support Vector Machines (SVM). Regression and
classification use this a lot.

Information Extraction Tools

Information parsing is the process of extracting metadata, such as author names, titles, abstracts, keywords,
and bibliographies or bibliographical references that can be read by a computer. Regular terminology,
fundamental knowledge, and regulated machine teaching are a few of the techniques that have been
suggested thus far to solve this issue. Additionally, a large number of open source, algorithm-based
metadata parsers exist. Improve these tools by evaluating and contrasting 10 of them.

Conclusion

Considering the analysis of the literature on knowledge discovery from science journals, Tables 2 provide
an extensive summary of the subject. The table's region of reference corresponds to the analysis of the
pertinent study. The kind element indicates the type of information being collected, such as whether the
study extracts acknowledgements and references or extracts sections from the body or metadata from
headers. Format describes the input format required for additional processing, such as that provided by the
suggested technique. Doc, be straightforward. vantage points for the algorithm(s) that are used to extract
the desired results. Significant identifying contributions or features that boost report effectiveness are
referred to as features/improvement. The dataset is the name of the dataset that was utilized for
measurement. The assessment measure(s) that have been added to the performance outcomes are lastly
displayed in the Metric. The letters A, P, R, and F, respectively, in the Metrics column below represent
precision, accuracy, recall, and F1-score.

The bulk of research extract metadata using CRF. CRF creates highest order Markov chains to account for
the potential of various segments having varied lengths. Better optimization algorithms, smoothing
methods, and error functions are additional advances.

The absence of information that occurs while moving data from one format to another is one of the main
issues in the logical extraction of structural information in information extraction. Many PDF to Text/Word
conversion libraries produce mistakes throughout the conversion process. Performance on the extraction
operation appears to be impacted by these errors. However, it is a crucial element for any investigations
involving the PDF format. The studies that create visual format blocks using OCR, on the other hand, seem
to operate fairly well and often use layout and font style expertise to enhance efficiency.

Currently, a number of open-source programmes are available to aid in automatically retrieving this data
from scientific articles. These systems currently have several formatting and layout concerns with format
conversion. The best results are provided by GROBID, CERMINE, and ParsCit, according to recent study
evaluating a number of open source extractors.
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