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ABSTRACT Information extraction (IE) is a challenging task, particularly when dealing with highly
heterogeneous data. State-of-the-art data mining technologies struggle to process information from textual
data. Therefore, various IE techniques have been developed to enable the use of IE for textual data. However,
each technique differs from one another because it is designed for different data types and has different
target information to be extracted. This study investigated and described the most contemporary methods
for extracting information from textual data, emphasizing their benefits and shortcomings. To provide a
holistic view of the domain, this comprehensive systematic literature review employed a systematic mapping
process to summarize studies published in the last six years (from 2017 to 2022). It covers fundamental
concepts, recent approaches, applications, and trends, in addition to challenges and future research prospects
in this domain area. Based on an analysis of 161 selected studies, we found that the state-of-the-art models
employ deep learning to extract information from textual data. Finally, this study aimed to guide novice and
experienced researchers in future research and serve as a foundation for this research area.

INDEX TERMS Information extraction, text extraction, named entity, named entity recognition, relation
extraction, event extraction, deep learning.

I. INTRODUCTION

For decades, businesses and organizations have created vast
amounts of data in various structures (e.g., structured, semi-
structured, and unstructured) and formats. Consequently,
a considerable amount of this information is either deposited
locally as physical or digital files, or stored in a network
in data warehouses, data lakes, and network storage. The
files stored in physical or digital forms are kept for refer-
ence or later use. Extracting and utilizing this stored infor-
mation can provide many untapped opportunities for busi-
nesses and organizations. For example, curating insights from
this vast amount of data enables organizational leaders to
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make informed decisions and empower their organizations
through a data-driven approach [1], [2]. It extends to extract-
ing valuable data from job advertisement texts, which busi-
nesses or advertisers may use to obtain useful information,
build job profiles, and limit relevant information to end
users [3].

Other researchers have demonstrated several information
extraction (IE) applications from textual data, including busi-
ness and investment applications. For instance, .Selimi and
Besimi [4] demonstrated a model for stock market forecasting
based solely on mining or extracting financial news and
sentiment analysis. Krsti¢ et al. [2] presented a method to
visualize big data texts (tweet data), which helped a firm
(bank operator) better understand its clients and make bet-
ter business decisions. Textual data extraction or mining is
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also important in text classification tasks for languages with
limited resources [5].

Nevertheless, our technological capabilities to process
such data, which come in various formats and structures, have
hindered us from utilizing the information within [6], [7], [8].
It is generally understood that unstructured data cannot be
processed directly by computing equipment since the infor-
mation is not predefined in a particular structure [9], [10].
For example, techniques used to extract information from text
data are incompatible with other data types, such as audio,
video, and image data. Thus, different encoding mechanisms
are required to extract information from each type of unstruc-
tured data [6], [10]. As unstructured data (including textual
data) can be arranged or represented in various ways, the
extraction method must specify mechanisms to extract the
correct information from each data arrangement or represen-
tation. This makes IE using traditional methods difficult and
impractical.

To address this issue, researchers have explored other
approaches for extracting useful information from textual
data using various IE techniques. These approaches aim to
extract entities, relations, facts, events, objects, and other
information from unstructured data and transform them into
a structured form [6], [11]. The primary objective of IE in
textual data is to label semantic information from the text and
transform it into structured data. The extracted information
can be used in a data analysis pipeline for data preparation
before data preprocessing and analysis [6], [11]. An effec-
tive and efficient IE technique can accurately transform
unstructured data into a structured form, leading to valid
data preprocessing and improved performance during data
analysis [8], [11], [12]. IE techniques can be divided into
three categories: (i) traditional, (ii) machine learning (ML),
and (iii) deep learning (DL)-based methods.

Baars and Kemper [9] documented the traditional methods
for extracting information from textual data, which include:
(i) integrated presentation, (ii) analysis of content collec-
tions, and (iii) distribution of analysis results and analysis
templates. In the first method (integrated presentation), both
structured and unstructured content are accessed simultane-
ously via an integrated user interface, navigation, and search
functionalities. The advantage of this method is that it enables
users to search and navigate structured and unstructured data
simultaneously. By contrast, the automatic juxtaposition of
search results can uncover hidden interrelationships between
these data [9]. The disadvantage of the integrated presen-
tation method is that the retrieved data are only used for
viewing purposes and not extracted for processing. Alterna-
tively, the second method (analysis of content collections)
allows the extraction of metadata from unstructured data
collections and stores them as structured data. Abdullah
and Ahmad [13] implemented this method to *“transform”
unstructured data into a structured form by classifying and
mapping metadata from unstructured data into structured
database tables. This process comprises four main steps:
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(i) extraction, (ii) classification, (iii) repository development,
and (iv) data mapping. The mapping process provides a more
structured and comprehensive collection of thematic informa-
tion for business decision-making [12]. The advantage of the
second method is that the mapped metadata can be treated
as structured information and used for analytical purposes.
However, the disadvantage of this method is that an analyt-
ical system will not be able to access the actual content of
the unstructured data. The third method (the distribution of
analysis results and templates) offers the advantage of being
more efficient and providing more accurate IE results. The
disadvantage of this method is that it is more complicated
and requires more steps. Thus, advanced skills are required
for users to perform extensive recalibration and parameter
optimization to achieve the desired output.

Several studies employed ML to extract useful information
from textual data to address these problems. For instance,
Chai et al. [14] presented a model for extracting sentiment
information from textual data sources (e.g., news event data
and investor comments) using natural language processing
(NLP). The extracted sentiment data were then trained using
stock trading data and an extended Hidden Markov Model
(HMM). The experimental results show that the model effec-
tively extracts positive and negative sentiments from textual
data and predicts future stock price movements. In another
study,Jenhani et al. [15] presented an ML model hybridized
with a domain-based dictionary and linguistic rules for
extracting drug abuse information from social media data
(tweets). The learning model was trained and tested using
1,000,000 tweets from five different experimental settings.
Based on their findings, ML alone was insufficient to produce
satisfactory results when performing IE tasks using social
media data. Combining ML with a domain-based dictionary
and linguistic rules helps the model extract tweet data accu-
rately into useful, structured data.

The studies mentioned above show that ML can be utilized
for training models to extract information from textual data.
However, ML methods struggle to handle massive amounts
of highly complex data (e.g., complex compound texts, nested
entities, and variety in data representation) [8], [11], [16]. For
instance, Jenhani et al. [15] noted that the volume, velocity,
and variety issues of big data cannot be effectively managed
by a simple implementation of the hybrid ML model.

Several recent studies have investigated DL methods for
extracting useful information from textual data. For instance,
Zhang and El-Gohary [17] presented a DL-based model for
extracting semantic and syntactic information from regula-
tory documents. The model significantly outperformed the
other two baseline models in terms of precision, recall, and
F1 measures for the closed-domain IE tasks. In another
study, Liu et al. [18] presented a DL-based model called
BERT-BiLSTM-MHATT-CRF (BBMC) [18] to identify and
extract complex biochemical entities from scientific docu-
ments. The developed BBMC model comprises four different
algorithms: (i) Bidirectional Encoder Representations from

VOLUME 11, 2023



M. H. A. Abdullah et al.: Systematic Literature Review of Information Extraction From Textual Data

IEEE Access

Transformers (BERT) model to extract features in the text,
(ii) bidirectional long short-term memory (BiLSTM) to learn
the context represented in the text, (iii) multi-head attention
(MHATT) to extract chapter-level features, and (iv) condi-
tional random field (CRF) to label the sequence tag. The
experimental results of this DL-based model showed signifi-
cant improvement in identifying and extracting complex bio-
chemical names from the datasets used for testing. According
to [18], the DL-based method employing the BBMC model
has significantly improved the extraction accuracy compared
to the conventional BILSTM-CREF algorithm. The study also
concluded that DL-based methods can effectively identify
and extract complex information from textual data. How-
ever, studies on IE using DL-based methods are still in their
infancy, and both novice and experienced researchers have
much ground to cover [8], [19], [20].

We firmly believe that the most recent advancements
in this field provide a strong impetus for examining
and discussing the current methods, applications, trends,
research challenges, and future research directions. Thus, we
structured our research around a compelling central point
by defining specific research questions (RQs) that form a
strong connection between the concepts surrounding the main
objective. The following are the formulated RQs and their
motivations for this study:

RQ1: What are the concepts related to IE from textual
data?

Motivation: To discuss the fundamental concepts and
knowledge related to IE from textual data.

RQ2: What are the current techniques for extracting tex-
tual data from unstructured data?

Motivation: To discuss the current techniques available for
IE from textual data.

RQ3: What are the real-world applications of IE from
textual data?

Motivation: To investigate the current application of IE
from textual data in various domain areas and suggest poten-
tial future directions.

RQ4: What is the intensity of publications related to IE
from textual data?

Motivation: To explore the intensity of publications and
current research trends related to IE from textual data.

To the best of our knowledge, no comprehensive system-
atic literature review (SLR) study has been conducted with
the sole focus on highlighting the current methods, applica-
tions, trends, and challenges in the domain of IE from textual
data with detailed facts and figures. This SLR covers the
literature published within the last six years (2017-2022) with
the following main contributions:

1) This study presents a comprehensive methodology with

a four-step study mapping process to systematically

search studies related to IE from textual data (Figure 1).
2) Next, this study explains the fundamental concepts and

knowledge of IE from textual data (Section I'V-A).

3) This study describes the recent techniques used

to extract information from textual data, including
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FIGURE 1. The literature study mapping process.

their purposes, mechanisms, and implementations
(Section IV-B).

4) Furthermore, it highlights the practical applications
of each IE technique for textual data categorized by
domain area (Section IV-C).

5) This study conveys the status quo of research in this
domain by visualizing and highlighting key insights
from data synthesized through a systematic mapping
process (Section IV-D).

6) Finally, this study discusses the current challenges in
this research domain (Section V-A) and suggests future
research directions (Section V-B).

The findings of this study will aid researchers in capturing
the current state of research by providing a thorough under-
standing of the most recent methods for extracting informa-
tion from textual data, their applications, and current research
trends. Consequently, researchers may find it beneficial to
view the entire landscape of this domain from a general to
a more specific perspective. Additionally, insights based on
data from dissected studies will help create a paradigm for
future development and advancement by describing recent
challenges, research opportunities, recommendations, and
future research directions. We strongly believe this study
will serve as a central point of reference for novice and
experienced researchers in understanding the current state of
research, related fundamental concepts, and future research
directions in this domain area.

The rest of this paper is organized as follows. Section II
summarizes the available SLR/survey studies from the lit-
erature, and Section III defines the methodology used to
conduct this systematic study. Section IV answers all the
RQs presented earlier based on synthesized data from the
included studies. Section V discusses current challenges and
future recommendations for each RQ. Section VI presents
the strengths and limitations of this SLR study. Finally,
Section VII concludes the study.

Il. LITERATURE REVIEW

The extensive growth of the Internet, mobile devices, social
networks, and sensors has attracted researchers to develop
and use various IE techniques to deliver valuable insights
from data. Several studies have been published to date
focusing on providing the most recent advancements in the
domain of IE from textual data. However, few studies have
provided comprehensive insights into the studies published
in this domain. Since the IE task for unstructured data is still
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unresolved, additional research activities have been attempted
to design and develop robust methodologies for handling
the extraction process. Therefore, the primary aim of this
section is to highlight existing SLR and survey studies that
focus on the domain of IE from textual data and summarize
the motivations, contributions, advantages, and shortcomings
of each related work. These studies were carefully selected
based on their relevance to deliver an overview and status
quo for research on IE from textual data.

First, we dissected the systematic studies performed in [6]
and [16] that focused primarily on contemporary IE tech-
niques while examining the limitations of each technique
for various data types. The aforementioned studies described
recent challenges, recommended potential solutions, and sug-
gested future directions for research related to IE from big
data. They also contributed significantly by presenting an
overview of IE from heterogeneous unstructured data and
compiling recent methods for extracting information from
various data types (text, images, audio, and video) in a single
SLR study. They provide a holistic view of IE, which helps
novice researchers grasp the fundamental concepts of big data
IE.

In contrast to previous studies, several SLR and survey
studies have focused on Named Entity Recognition (NER)
techniques. For example, a survey study performed by Etaiwi
et al. [21] mainly focused on statistical approaches to NER
for Arabic texts, which explained the working mechanisms
of each statistical approach for the NER task. According to
their findings, the implementation of NER in Arabic texts
can be classified into six approaches: HMM, CREF, Naive
Bayes (NB), neural networks, entropy, and Support Vector
Machines (SVM). In contrast, Goyal et al. [22] published a
detailed SLR study of NER and its classification techniques.
This study has provided essential knowledge, interesting
developments, and progress related to NER from a technical
perspective. Additionally, it offers future directions for this
domain to encourage continuous improvement in the research
community.

Next, it is crucial to emphasize studies inclined toward
contemporary IE techniques from textual data. For example,
Xiang and Wang [23] compiled the most recent techniques
for extracting event-related information from textual data.
Their study provides in-depth details on the fundamentals
of IE, while comparing the strengths and weaknesses of
each technique. Akkasi and Moens [24] published a survey
of state-of-the-art models for extracting causal relationships
from textual data using DL and deep neural network (DNN)
approaches. Their study covers not only state-of-the-art meth-
ods, but also the applications, datasets used, and remaining
challenges in the area. In addition, Nasar et al. [25] concluded
that DL-based and joint models are state-of-the-art methods
for extracting information from text.

Other SLR and survey studies have provided significant
information on IE from textual data. However, these studies
focused only on specific or more IE techniques for all data
types rather than providing a comprehensive review of the
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current IE techniques for textual data. Table 1 summarizes the
relevant SLR and survey studies, including their motivations,
contributions, advantages, and limitations.

From our exploration, we found 12 relevant SLR and sur-
vey studies published within the last six years. It is impor-
tant to note that these studies focused on various aspects
of IE techniques for textual data. For example, studies [6]
and [11] have concentrated on summarizing studies related to
IE techniques for diverse data types (i.e., text, images, audio,
and video). Studies [21], [22], and [26] focused on NER
techniques only, whereas Akkasi and Moens [24] focused on
relation extraction (RE) techniques, and Xiang and Wang [23]
focused on event extraction (EE) techniques. Based on the
literature, only a few survey studies [23], [24], [25] have
implemented DL-based methods for extracting useful infor-
mation from text. The primary goal of these studies was to
develop general concepts of IE from textual data related to a
specific technique or comparison from a broader perspective.

The current literature does not provide a comprehensive
and updated review that focuses on the existing and con-
temporary methods, applications, trends, and challenges in
this study area. Although these studies help us grasp the
fundamental concepts of IE, few do not highlight recent
trends or advancements in this research domain. Furthermore,
no study currently offers a thorough analysis of different
IE techniques, covering well-known and modern techniques,
while focusing only on textual data.

This study not only intends to provide researchers with full
knowledge of IE from textual data, but also aims to help guide
novice and experienced researchers in shaping future research
directions for IE from textual data. Therefore, our systematic
survey aims to present the current IE methods for textual
data, their applications, and current research trends, while
describing the challenges and future research prospects in
this domain area. This study includes the most recent articles
and covers literature published between 2017 and 2022 to
provide the most recent information on advances in this field.
The following section (Section III) thoroughly explains the
methodology used to construct this SLR study to achieve
earlier goals.

lll. METHODOLOGY

The methodology used in this study was adopted based on
the SLR guidelines [31], [32]. Additionally, this systematic
study followed the reporting style and flow of comprehensive
studies [33], [34]. The modified mapping process employed
in this study is shown in Figure 1 and further explained in
Section III-A. Further details of the actual mapping process
can be found in previous studies [31], [32].

A. STEP 1: PRELIMINARY STUDY

The literature review began with a preliminary study, wherein
an initial search was performed to understand better the main
topic being addressed. This step also serves as a “kick-off”
motivation for authors to find relevant questions, keywords,
and scope for this systematic study. From this initial stage,
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TABLE 1. Summary of related works from SLR and survey studies.

Authors and
Year

Motivations

Contributions

Advantages

Limitations

Etaiwi et al.
[21], 2017

Goyal et al.
[22],2018

Adnan and
Akbar [6],
2019

Xiang and
Wang [23],
2019

Albared et al.
[26],2019

Adnan et al.
[16],2019

Peji¢ Bach et
al. [27], 2019

Liu et al.
[28], 2020

Akkasi and
Moens [24],
2021

Nasar et al.
[25], 2021

To conduct a comprehensive
survey about statistical
approaches to Arabic NER.

To explore and highlight the
status of NER classification
techniques, issues, challenges,
and factors affecting their
performances.

To review state-of-the-art
methods for extracting
information from various
types of big data.

This article aims to provide a
comprehensive and up-to-date
survey of EE from the text.

To assess the improved
performance of NER for the
most popular datasets and
determine the best system
recently proposed.

To review the IE process and
method based on the various
data types (text, image, audio,
video), and the desired output
(structured information).

To provide a comprehensive
review of the existing
techniques used in text mining
for corpora related to the
financial sector.

To survey and summarize the
most recent research progress
focusing on EE and event RE.

To conduct a comprehensive
survey on state-of-the-art
models for cause-effect
relationships and investigate
the class imbalance problems.

To provide a summarized
description of methods to
extract “structured” insights
from textual data, focusing on
two subdomains of IE, which
are NER and RE.

Provides a comprehensive
study of NER on Arabis texts,
which is less common in this
domain area.

Analyzed and presented the
factors affecting NER
performance, with existing
challenges and issues.

Presents the task-dependent
and task-independent
limitations of IE covering all
data types in one study.

Provides a thorough analysis of
EE, including the task or
challenge, data sources,
performance assessment, and
future research direction.

Tracks progress improvement
in NER accuracy over the 4
most common datasets:
CoNLL2003, OntoNotes v5,
SciERC, and BC5CDR from
2016-2019. Several challenges
are still open for further
research.

This study identifies the
problems of the IE process
when dealing with unstructured
data for performance
improvement. It emphasizes
the need for a multistep IE
pipeline to deal with the
massive volume of
unstructured data.

This study makes a theoretical
contribution through citation
and co-citation analysis of
studies and research trends in
the area. It compiled a.

Provides knowledge of the task
description required for the EE
and event RE. This study also
presents the main challenges,
the most common datasets
used, and future research
direction.

Provides a comprehensive
survey on cause-effect
relationship (relation)
extraction using DNN models.

Based on their analysis, this
study concludes that the DL-
based hybrid technique and
joint models are currently
state-of-the-art models.

Explains the challenges and
suitable extraction approaches
for NER on Arabic texts.

Provides in-depth analysis and
explanation of the most recent
NER and its classification
techniques.

Covers IE strategies from a
broad spectrum of data types
(text, image, audio, video).

Provides the latest in-depth
analysis, including the
fundamentals, strengths, and
weaknesses of each EE
approach up to the year 2019.

Provides knowledge of
accuracy improvement over
popular datasets not presented
in other studies. This paper
also provides information
regarding the methods used
and their corresponding result.

A single paper
comprehensively reviews the
IE pipeline process for various
data types (text, image, audio,
video).

Provides a comprehensive list
of text mining techniques
based on data sources and
typical applications in the
financial sector.

Provides a brief and
straightforward explanation
regarding recent research
progress in the domain area.
Utilizes suitable visualization
and graphics to aid readers’
comprehension of the topics
discussed.

In-depth review covering the
state-of-the-art methods,
applications, datasets
available, and remaining
challenges.

It covers the early approaches
until the state-of-the-art
models while focusing on
advancement via the DL-based
approach.

The scope is limited to only
NER techniques (specifically
on Arabic text). Inadequate
discussion on the application
areas and trends of research in
the domain area.

Less focus on DL-based
approaches. The study was
published in 2018. Thus, there
is a more recent advancement
in NER methods and strategies.

Does not provide an in-depth
analysis of textual data, as the
study covers literature related
to various data types. Less
discussion on IE approaches
utilizing DL.

Good for understanding the
recent EE approaches but lacks
mathematical explanation to
cater to advanced researchers.

Limited explanation of the
contemporary IE methods, such
as the DL-based approaches.
The progress tracking is until
2019 only. Therefore, there
may be further progress that is
not captured until now.

Does not cover the most
contemporary methods, such as
using DL, DNN, Convolutional
Neural Networks (CNN), and
others. Limited discussion on
the application areas and trends
of research in the domain area.

Good for understanding the text
mining techniques suitable for
financial corpora, but the study
is limited until 2019 and does
not cover DL-based methods.

Less discussion on DL-based
methods to support IE. Has
limited explanation for
extracting events on a
document level.

The review scope is limited to
causal-relationship (RE)
extraction. Does not cover
application areas other than
medical text.

The study is mainly a survey
rather than an SLR focusing on
the trend and progress of IE
from textual data. No
discussion on the application
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TABLE 1. (Continued.) Summary of related works from SLR and survey studies.

Authors and
Year

Motivations

Contributions

Advantages

Limitations

Frisoni et al.
[29], 2021

Li et al. [30],
2022

To survey the recent methods
for extracting complex events-
related information (relations,
participants, nested events,
nested roles) from biomedical
literature.

To provide a comprehensive
review of the state-of-the-art
methods implementing DL
techniques of NER.

Provides a flexible definition
of an event, EE tasks,
challenges, and state-of-the-art
methods for extracting events
from biomedical literature.

This study compiles the
resources needed for NER
research (i.e., annotated
corpora and tools), categorizes
the NER-related works into
three groups, and presents the
current challenges and future

Provides an in-depth survey on
event extraction and NL in the
biomedical domain. Each
method of extracting events is
analyzed thoroughly and
discussed in this study.

Compares various NER
architectures, including DL-
based methods for NER. It
also identifies and explains the
factors affecting NER’s
performance.

areas and trends of research in
the domain area.

The survey paper is limited to
only studying EE literature
from texts from the biomedical
domain. However, it also
provides the gist of EE-related
ideas from other domains.

This study presents various
implementations of the most
recent NER models. This
creates a challenge for novice
researchers to choose the
simplest or the right model to
get started.

directions for NER research.

information extraction
from text

/ About 4,270,000 results
\ information extraction

C)\I:bfortn:;l;:o:xtra:::tlon "from text" techniques
out 4,580.0%0 resutts About 93,200 results

Apply filter:

information extraction Recent 6 years (2017-2022)

techniques

About 4,270,000 results . . .
information extraction

"from text" techniques
About 17,200 results

FIGURE 2. The results of the keyword combination survey from Google
Scholar.

we conducted three tasks: identifying keywords, formulating
RQs, and identifying search criteria and strategies.

1) KEYWORDS IDENTIFICATION

Our initial search was performed on Google Scholar using the
keyword ‘“‘information extraction” to survey the number of
studies available on this topic before selecting keyword vari-
ations and other relevant keywords. From this step, we found
four relevant studies [11], [16], [27], [35] that we believe
will help to answer the RQs. The retrieved studies were
used to identify a few more relevant keywords and obtain
general ideas about the search venue. Prior to finalizing the
search string, keywords were analyzed to determine the most
appropriate keyword combinations that would return the most
relevant articles related to ““information extraction strategies
for textual data”. Figure 2 illustrates the results of the key-
word combination survey, including the number of studies
retrieved during the literature search using Google Scholar.

2) IDENTIFY SEARCH CRITERIA AND STRATEGIES

Next, it is essential to pivot the search into specific areas using
search criteria. We selected five established databases for the
literature search: IEEE Xplore, ScienceDirect, SpringerLink,
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TABLE 2. Domain focus, keywords, and the generalized search string.

Domain

Keywords Generalized Search String
Focus
IE from Information extraction, ((“Information extraction”
textual text extraction, Named OR “data extraction”) AND

data Entity Recognition,
Named entity extraction,
Event Extraction,
Relation extraction, Rule-
based [E

(“from text”)) OR ((“Named
Entity Recognition”) OR
(“Named entity extraction™)
OR (“Event Extraction”) OR
(“Relation extraction”)) OR
(extract* text data)

Scopus, and ACM Digital Library. The search scope for
retrieving related studies focused on the titles, abstracts, and
author keywords. Meanwhile, the publication venue is lim-
ited to journals, conference proceedings, and book chapters
published within the recent six years (2017-2022).

The search results were monitored to ensure that they con-
tained information that could answer the RQs mentioned in
Section I. The selected search keywords were combined with
suitable advanced search operators and wildcards following
the manual for each database (Appendix A). The domain
focus, keywords, and generalized search strings used for the
search are provided in Table 2.

From the search, 845 studies were found using the
search criteria and strings (Table 2) executed on five schol-
arly databases: IEEE Xplore, ScienceDirect, SpringerLink,
Scopus, and ACM Digital Library. Four additional stud-
ies [11], [16], [27], [35] already in hand were included in
the total number of identified studies and labeled as others,
making 849 identified studies in total.

The latest database search was performed on July 31,
2022. Relevant studies were identified and selected based on
PRISMA standards [32]. The flow of information through-
out the various phases of this SLR study is depicted in
a PRISMA flowchart (Figure 3). Appendix B presents the
PRISMA 2020 Checklist prepared for this study.
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FIGURE 3. PRISMA flowchart of the systematic literature process.

TABLE 3. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

Published before 2017 or after 2022.
The study is unavailable in full text.
Written in other than English.

The study is not relevant to the RQs.
Short papers (less than five pages).
Duplicates or redundant studies.

o Published between

2017-2022.

Available in full text.

e Written in the English
language.

e Relevant to the RQs.

B. STEP 2: SCREENING OF PUBLICATIONS
The screening of publications involved a two-step process.
First, the studies were screened based on inclusion and exclu-
sion criteria (Table 3). All 849 identified studies retrieved in
the previous step were screened to exclude those not meeting
the selection criteria.

Subsequently, a formal analysis and data curation team
assessed the literature to determine the relevance of the
studies based on their titles, abstracts, and conclusions.
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A thorough examination of each literature content was per-
formed rigorously based on their relevance to the topic to
ensure that we did not miss any important studies. The studies
were selected based on their relevance to the RQs and themes
of the study. As aresult, 728 studies passed the screening, and
121 were excluded from the 849 identified studies.

C. STEP 3: ELIGIBILITY AND QUALITY ASSESSMENT
After the screening process, the remaining 728 studies were
assessed for eligibility and quality prior to inclusion in the
SLR study. The eligibility and quality assessment were con-
ducted based on the criteria with scoring values of 1 (agree),
0.5 (partly agree), and O (disagree), as shown in Table 4.
This was performed to ensure that only studies with clear
objectives and goals, methodologies, limitations, and findings
were included in the final selection.

The scoring criteria described in the table above were used
for each study during the eligibility and quality assessment
steps. Only studies with a minimum score of 3.0 were selected
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TABLE 4. Scoring criteria for the eligibility and quality assessment.

Criteria Score Description

Does the study 1 Yes, the study presents clear objectives
provide clear and goals.

objectives and 0.5 The study presents its objectives, but the
goals? goals of the study are not clearly defined.

0 No, the study does not provide clear
objectives and goals.
Does the study 1 Yes, the study presents clear, systematic,

present a clear
methodology? 0.5

and well-documented methodology.
The methodology documentation is
present but incomplete/not systematic.
0 No, the study presents poor/missing
methodology documentation.

TABLE 5. Studies retrieved in each step of systematic literature process.

Scholarly Studies Pass Studies Studies
Databases Identified  Screening Pass EA Included
IEEE Xplore 464 406 100 100
ScienceDirect 79 74 32 32
SpringerLink 167 150 13 13
Scopus 55 28 6 6
ACM DL 80 66
Others 4 4 4 4
Total 849 728 161 161

Does the study 1 Yes, the study provides a well-
present acknowledged limitation of the study.
limitations of 0.5 The study states its limitations, but not in
the work? detail.
0 No, the study does not provide a

declaration of limitations of the study.
Does the study 1 Yes, the study presents clear,
present clear comprehensive, and well-presented
research research findings. Suitable visualizations
findings? are used to present the findings/results.

0.5 The study findings were presented, but
more explanation could be provided. The
data presented relate to the results.

0 No, the study does not present clear
research findings, and/or elaboration is
not provided. Results are irrelevant to the
objectives and goals of the study and are
presented in random order.

to ensure that only high-quality studies were included in the
final list. Thus, 161 out of 728 studies were selected for
inclusion in the qualitative synthesis of this SLR study, while
the remaining 567 studies were excluded. The decision to
exclude studies that did not meet the scoring criteria was not
made lightly and was made following a thorough eligibility
and quality assessment process.

D. STEP 4: DATA EXTRACTION AND COMPILATION OF
INCLUDED STUDIES

Once the eligibility and quality assessments were completed,
the list of the final selected studies and their metadata were
downloaded from the scholarly databases and compiled into
a spreadsheet. The information gathered from these publi-
cations includes title, authors, journal or conference name,
publication venue (i.e., journal, conference, book chapter,
or journal preprint), paper type (i.e., application, review, SLR,
research, or survey), publication year, digital object identifier
(DOI), the technique used, and the scholarly database used to
retrieve relevant studies.

EndNote software was used to automatically eliminate
duplicates and store offline copies of the studies for reference
and citation purposes. Additionally, the list of references in
each study was used to locate additional relevant references
that could provide valuable information regarding IE from the
textual data. This step was performed to extract knowledge
that could help answer the RQs and the goals of this study.
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EA: eligibility assessment.
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B Journal paper
B Conference paper
Journal preprint

FIGURE 4. The distribution of included studies by publication venue.

Finally, 161 studies were included and dissected to answer
the RQs established in this systematic review. The most
valuable data exploited from these studies are related to
existing IE methods, their applications, research trends, and
current challenges in the domain of IE from textual data.
Table 5 presents the number of studies retrieved from schol-
arly databases in each step of the SLR process.

Our SLR only considered studies with clear objec-
tives and goals, provided clear methodological explanations,
stated their limitations, and presented clear research find-
ings for inclusion in the final selected studies. Therefore,
the information in Table 5 leads us to the conclusion that
high-quality and relevant studies can mostly be found in IEEE
Xplore (100 studies), followed by ScienceDirect (32 stud-
ies), SpringerLink (13 studies), Scopus (6 studies), ACM
DL (6 studies), and other sources (4 studies). Based on
the included studies, high-quality materials relevant to this
domain were published in journals (60%), conference pro-
ceedings (35%), and journal preprints (5%). Figure 4 depicts
the distribution of the included studies by publication venue.

IV. SYNTHESIS OF DATA AND ANALYSIS

This section aims to synthesize and summarize the infor-
mation from the included studies into visualization aids
and answer the RQs presented earlier. The data synthesis
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TABLE 6. Terms related to text-based IE.

TABLE 7. Comparison of closed-domain IE and open-domain IE.

Term Definition

Natural language Any language that humans use to communicate.

Natural language
processing
Closed-domain IE

A subfield of artificial intelligence that deals with
processing vast amounts of NL data.
It is an IE task limited to a specific domain area.

Criteria Closed-domain IE Open-domain IE

To discover and extract
topics of interest from
any text.

Able to handle IE across
various domains.

To discover and extract
topics and arguments
from the text.

Extracts only information
from a specific domain.

Objective

Text-domain
specificity

Open-domain IE It is an IE task that does not limit to a specific

domain.

Text corpus A text corpus is a language resource consisting of
a huge volume of texts in structured forms.
Knowledge graph It is a knowledge base that utilizes a graph-

structured data model to connect the data points.

presented in this section aims to help novice and experienced
researchers recognize the current state of research, recent
applications, and challenges related to IE from textual data.

A. RQI1: WHAT ARE THE CONCEPTS RELATED TO IE FROM
TEXTUAL DATA?
Several concepts closely related to IE from textual data
include but are not limited to natural language (NL), Nat-
ural Language Processing (NLP), closed-domain IE, open-
domain IE, text corpus, and knowledge graph (KG). The
definitions of each term are presented in Table 6.

The following subsections explain each term and concept
presented in Table 6.

1) NATURAL LANGUAGE (NL) AND NATURAL LANGUAGE
PROCESSING (NLP)

NL is any language humans use to communicate, and it has
naturally evolved through use and repetition. Examples of
natural languages include English, French, German, Spanish,
and Chinese. Some languages vary according to geograph-
ical locality. For instance, the English language used in the
United States is American English (US English). In contrast,
the variation of the same language used in Great Britain is
British English (UK English). Despite some similarities, the
two languages are quite different, as their usage has evolved
over the centuries. These differences can be in spelling (for
example, “color” is the correct spelling in US English and
“colour” is the spelling in UK English), meaning (for exam-
ple, “sidewalk’ in US English refers to a paved walkway for
pedestrians, but “footpath” is used in UK English). Some
words may not be available in other language variations (for
example, “dosh” in UK English means cash, but it does
not exist in the US English dictionary). Similarly, the Malay
language used in Malaysia is Bahasa Melayu, whereas the
variation of the same language used in Indonesia is Bahasa
Indonesia.

It is also important to note that most languages use capital-
ization in written form to represent entities (e.g., names, orga-
nizations, and locations). However, capitalization is absent
in written forms of languages such as Arabic, Urdu, Hindi,
Tamil, Japanese, Korean, and Chinese. Thislt challenges
machines to identify entities within the written texts in such
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Extraction Requires predefined Does not require
mechanism schema/ structures for predefined schema/
extracting information. structures for IE tasks.
Extraction Topic and its arguments. Extracted knowledge
output clustered by topics.

languages. In addition, the poor morphological structure of a
specific language makes it more complicated for machines to
understand the context of a sentence or text.

NLP is a subset of artificial intelligence (AI) and is con-
cerned with a mechanism that allows computers to handle
and analyze massive amounts of NL text. NLP employs algo-
rithms to deduce the meaning of sentences as they are spoken
and written. It has many real-world applications, including
real-time translation, automatic subtitle generation, text pre-
diction in search engines, and business intelligence. How-
ever, it is difficult to extract information from texts because
NL is highly abstract, and computers must comprehend text
semantics to accurately extract appropriate information accu-
rately [36]. Therefore, IE tasks are divided into two funda-
mental challenges: (i) closed-domain IE and (ii) open-domain
IE [23].

2) CLOSED-DOMAIN IE AND OPEN-DOMAIN IE

In general, text extraction requires a system that can handle
data originating from different text sources based on a pre-
defined structure or schema. An extraction system aims to
extract specific information (e.g., characters, words, phrases,
named entities, events, or relations) from a text body and
fill in the information into the given schema, thus generat-
ing the output as structured information. In a closed-domain
IE, extracting information from data originating from vari-
ous domains may require several IE schemas to complete a
task [23]. On the other hand, open-domain IE may not require
a predefined schema as the main task is to extract keywords
from texts and cluster similar texts to identify the topic of
interest [23]. Table 7 compares the closed-domain IE to the
open-domain IE.

Therefore, one of the most crucial steps in extracting infor-
mation from text is identifying the task to be completed,
whether it is a closed-domain IE or an open-domain IE. Sev-
eral techniques, including NER, RE, EE, rule-based methods
(RBM), and ML, can identify patterns and extract the desired
information stored within texts.

3) TEXT CORPUS AND KNOWLEDGE GRAPH

A text corpus (or corpus, plural: corpora) is a collection
of texts with semantics related to a particular subject [37].
It is used for linguistic rule validation, statistical analysis,
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Named entity annotation:

Elon Reeve Musk FRS (born June 28, 1971) is a business magnate and investor.

(a)

Dependency annotation:

nsubj;
compound cop
I compound dep nummod det: conj—»
compound nmod:tmod nummod compoun cc
(NN (NP [Ner ™Y (0 [veny o) @ pweler mre
— —_— A = — E === "= —~

—_— == —_—— .

Elon Reeve Musk FRS ( born June 28, 1971) is a business magnate and

M g

—_——

investor.

(b)

Relation annotation:

- ffect: h t-
Disorder] ects YAdverse effect]‘ as-agen

Myoclonus

has_subject
Pharmacological_substance
associated with continuous dobutamine

Sub]ectiDlsorder
infusion in a patient with end-stage renal disease.

(c)

Event annotation:

%: +Regulation ®<z TE
Investigation-Cue +Regulation Oz [PFM)

We  analyzed the activation

Cau
Cau
Cell_natural [PFM)

of STATs in primary human T and NK cells by a variety of specific cytokines.

(d)

FIGURE 5. Example of corpus annotation on brat rapid annotation tool: (a) named entity annotation, (b) dependency
annotation, (c) relation annotation, and (d) event annotation.

checking for occurrence, and hypothesis testing. A corpus
is essential for text extraction, as it can serve as training
data. An annotated version of the corpus (example shown in
Figure 5) can be built from the initial corpus and supplied
to an IE system to train the pattern, identify, and extract the
correct information. The text corpus can be annotated and
displayed using a special text annotation tool, such as the
Brat Rapid Annotation Tool [38], which is available from
https://brat.nlplab.org/. Manually annotating a corpus can be
tedious; hence, researchers have developed automatic corpus
extraction (ACE) methods to automate the corpus annotation
process [39], [40]. Figure 5 (adapted from the screenshots
obtained from the Brat Rapid Annotation Tool website) illus-
trates the annotated corpora visualized using this tool. A text
corpus can also be used to build KG.

A knowledge graph (also known as a semantic graph)
is a form of knowledge base that stores information as
a graph-structured data model connected by relationships.
Although KG is not required for IE from textual data, it can be
used to visualize how information (or keywords) are related.
It can help researchers understand the relationships between
entities and their associated attributes or events [41]. In addi-
tion, KG can be used as a visualization and fact-check tool
to reveal hidden knowledge in unstructured texts [41]. Fur-
thermore, additional corpora or candidate facts can be used
to extend the KG knowledge base. The relationship between
a corpus, candidate facts, and KG is depicted in Figure 6.
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B. RQ2: WHAT ARE THE CURRENT TECHNIQUES FOR
EXTRACTING TEXTUAL DATA FROM UNSTRUCTURED DATA?
Based on our literature search, the current techniques used
for extracting textual data are categorized as Named Entity
Recognition (NER), Relation Extraction (RE), Event Extrac-
tion (EE), hybrid techniques, and other methods (e.g., rule-
based, ontology-based, learning-based, DL-based methods).
They are selected and applied to projects based on the valu-
able information that must be extracted from a project. These
techniques are closely related to other NLP tasks, includ-
ing part-of-speech (POS) [42], tagging, and syntactic pars-
ing [43], [44]. The performance of these techniques can be
improved or degraded, depending on the strategy used to
modify or hybridize them.

IE approaches can be categorized into two different
strategies: (i) learning-based methods (LBM) and rule-based
methods (RBM) [6], [16], [22]. The LBMs are composed of
supervised, semi-supervised, and unsupervised training mod-
els. Supervised training allows IE to be conducted based on a
sample of labeled data. Semi-supervised training combines a
small amount of labeled data with a large amount of unlabeled
data during the training of the data model. Contrarily, unsu-
pervised training can be used to train a model by inferring
relationships from unlabeled data. To reduce errors in the
extraction model, the system automatically modifies the con-
nection weights and learning parameters throughout model
training. LBMs have also been deployed as state-of-the-art
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Corpus: Candidate facts:

3 Match
Elon Musk is an entrepreneur. >

Elon Musk is the founder of SpaceX.
Elon Musk was born in 1971.

< Elon Musk, is, entrepreneur >
< Elon Musk, founder, SpaceX >
< Elon Musk, born, 1971 >

Position

Map Elon Musk

v

OrgRelated BioBirthYear

SpaceX.Org1221 1971.BioBornAC_1971

FIGURE 6. Visualization of the corpus (left) and candidate facts (middle) mapped to the knowledge graph (right).

models that feature various DL-based methods for IE from
textual data [17], [18], [33], [35], [45], [46], [47].

The most popular IE technique for textual data is the NER
technique, which extracts and labels the identified named
entities. RE is interested in identifying attributes and relations
between text entities. EE aims to detect the existence of an
event reported in the text and collect all attributes related to
the event. Hybrid techniques [15], [18], [28], [47], [48], [49]
have been developed by combining existing techniques with
other techniques to strengthen IE strategies based on indi-
vidual case studies. Other methods include methods that
implement rule-based, ontology-based, learning-based, or
DL-based methods. Figure 7 summarizes the hierarchy of IE
techniques related to textual data.

Regarding data insights, 112 of the 161 included stud-
ies were application studies. These application studies have
demonstrated different IE techniques, with NER accounting
for 45%, EE for 19%, RE for 17%, other methods for 10%,
hybrid NER-DL for 5%, and hybrid NER-RE for 4%. Hence,
NER is the most commonly applied IE technique for textual
data, whereas NER-DL and NER-RE have been the most
commonly used hybrid techniques over the past six years.
Figure 8 shows the distribution of IE techniques applied in
the application studies.

1) NAMED ENTITY RECOGNITION (NER)
NER is an IE technique commonly used for text prepro-
cessing in a variety of NL applications. It is essential for
identifying a subject of interest from a text compound [16].
One example of the application of NER is question answer-
ing [50]. Based on [22] and [50], the research on NER tasks
has been around for more than 20 years since it was proposed
at the Sixth Message Understanding Conference (MUC-6)
in 1995 [51]. The goal of NER is to recognize and extract
descriptive information regarding entity name expressions or
ENAMEX (e.g., person, organization, location) and numeri-
cal expressions or NUMEX (e.g., time, currency, percentage)
from unstructured texts [11], [50], [52]. Figure 9 illustrates
the recognition and classification of entities from a text para-
graph.

IE from text using the NER technique can be implemented
using the RBM, LBM, or hybrid techniques [11]. The RBM
utilizes lexicon-semantic patterns and semantic constraints
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to identify recurring words. By contrast, NER that applies
LBM may utilize algorithms such as the Hidden Markov
Model (HMM), Conditional Random Field (CRF), Naive
Bayes (NB), Neural Networks, entropy, and Support Vector
Machine (SVM) [21]. The performance of NER techniques
can be evaluated using accuracy (1), precision (2), recall (3),
F1 score (4), and error rate (5) [53], [54], [55]:

TP + TN
Accuracy = (D
TP + FN + FP + TN
. TP
Precision = —— )
TP + FP
TP
Recall = ——— 3)
TP + FN
2 x Precision x Recall
Fi = — 4)
(Precision + Recall)
FP + FN
Error rate = (5)
TP + FN + FP + TN

To clarify the abbreviations used in the above measures,
we defined true positive (TP), false positive (FP), true nega-
tive (TN), and false negative (FN) using a confusion matrix,
as shown in Figure 10. Note that in the case of TP, given
the predicted value is ‘yes’ and the actual value is also ‘yes’;
while TN predicted ‘no’, and the actual value is ‘no’. On the
other hand, FP happens when the predicted value is ‘yes’, but
the actual value is ‘no’; and FN is when the predicted value
is ‘no’, but the actual value is ‘yes’.

In other words, accuracy is the ratio of correct predictions
(TP 4+ TN) to total observations. Precision is the ratio of
correctly predicted positive observations (TP) to total pre-
dicted positive observations (TP 4 FP). The recall is the
ratio of correctly predicted positive observations (TP) to all
observations in the actual class (TP + FN). The F1 score is
a weighted average of precision and recall. Finally, the error
rate is the ratio of incorrect predictions (FP + FN) to the total
number of observations. These metrics assist researchers in
evaluating the performance of each algorithm.

In an extensive systematic study by Goyal et al. [22], the
authors provided fundamental knowledge and a significant
interest in the development and progress of NER research.
This study concluded that the performance of NER is mainly
affected by language, textual genre/domain, and entity type
factors. These factors may pose challenges to NER systems,
including difficulty in recognizing nested entities, ambiguity
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FIGURE 7. IE hierarchies according to techniques, methods, mechanisms of operation, and types of tasks.
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FIGURE 8. Distribution of included application studies based on the IE
from textual data techniques.

-

Elon Musk| apparently wasn’t aware that his company
]

[person [organization]

had a page. The company’s CEO has responded to a

[organization]

comment on ]acknowledging he didn’t know one existed,

[organization

and then following up with promised that he will take them down

today] (following the screenshot taken around [12:10 PM ET]).
]

[date] [time!
.

J

FIGURE 9. lllustration of recognition and classification of named entities
using NER from the text.

in the text, the need to annotate training data, and lack of
resources (large-annotated corpora and gazetteers). There-
fore, these challenges must first be addressed to create more
reliable NER systems. Furthermore, the authors explained
that the RBM and LBM are used in existing NER systems,
including base classifiers.

The research community is becoming increasingly inter-
ested in developing innovative approaches for extracting
diverse named entities that can be used in various NL appli-
cations. There are several variations in NER models, which
fall into four types of implementation: (i) NER implemented
using the RBM, (ii) NER implemented using the LBM (e.g.,
supervised, semi-supervised, and unsupervised), (iii) feature-
based NER, and (iv) DL-based NER [56] (Figure 7). These
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Actual
Yes No
Predicted
Yes True Positive False Positive
(TP) (FP)
False Negative True Negative
No (FN) (TN)

FIGURE 10. Confusion matrix to define TP, FP, TN, and FN.

NER variations were used to fulfill various requirements and
use cases for IE from textual data, including extracting text
entities from specific languages and genres.

NER implemented using the RBM utilizes grammatical
components (part-of-speech), syntactic (word precedence),
orthographic features (such as capitalization), and dictionar-
ies [57]. These elements are subsequently converted into
custom rules, which serve as the framework for the NER
system. An NER system using a rule-based model depends
on handcrafted rules prepared by experts and does not rely
on labeled data [56]. Consequently, NER system developers
have full control over system identification and classification
mechanisms. However, developing sound NER systems using
the RBM method requires advanced programming skills and
in-depth understanding of the data. In addition, handcrafting
system rules is a tremendously exhausting task, especially
when dealing with large amounts of data [6], [11], [16], [58].

Therefore, researchers have started to implement the LBM
for NER tasks. This method utilizes ML algorithms to auto-
matically identify and extract the named entities from text
through supervised, semi-supervised, and unsupervised train-
ing [6], [11], [16], [57]. NER models based on unsupervised
training do not require labeled data as training samples.
However, building such systems requires high-level technical
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Sentence: Elon Musk|is the founder of.
[Entity 1] [Entity 2]
( Extract relation roleinCompany )

Tuple form: < Elon Musk, founder, Space X >

FIGURE 11. Illustration of entities and relationship extraction from text.

skills to optimize the model and achieve good results. Addi-
tionally, there are hybrid variations of NER that apply the
LBM, such as the hybrid NER-EE implemented for KG
construction [59] and extracting valuable knowledge from
various documents [60], [61]. Typically, these hybrid models
are developed to exploit the learning potential of the LBM,
thus enabling them to extract named entities from labeled data
accurately.

Next, the feature-based NER model combines the rule
engineering of the RBM with the learning capabilities of
the LBM to identify specific features from the text. This
NER model is designed to identify lexical, morphological,
gazetteer lookup, orthographical, POS, contextual, conjunc-
tion, and word-embedding features [58], [62]. It results in
a model that learns the specific features based on a prede-
fined set of rules. However, the first three types of NER
models depend on rule-based engineering, which requires
expert knowledge and significant time investment to develop
such complex systems. Additionally, these systems cannot
deliver good outcomes and exhibit limited robustness when
presented with unseen data.

Hence, a DL-based model, the fourth type of NER model,
was created to address the issues found in the earlier mod-
els. The DL-based model works on character-level, word-
level, and sentence-level detection, thus allowing it to detect
more complex and nested entities in the text. In addition, the
DL-based model can use transfer learning from pre-trained
languages and transformers, such as BERT. Henceforth, sev-
eral BERT variations have been introduced and implemented,
including a lite version of BERT (ALBERT), a Robustly Opti-
mized BERT Pretraining Approach (RoBERTa), and distilled
BERT (DistilBERT).

2) RELATION EXTRACTION (RE)
The RE task involves extracting attributes and semantic rela-
tions for entities in the text [35], [63], [64]. The relations
between entities can be represented in a tuple format, such as
<Entityl, Relation, Entity2>, where Entityl and Entity2 are
the identified entities and Relation is the description of the
relationship between the entities [63]. For instance, given the
sentence “Elon Musk is the founder of SpaceX,” a relation
classifier is used to identify the relation of “roleInCompany”.
Thus, the sentence can be represented in tuple form as <FElon
Musk, founder, SpaceX> [65], [66], as shown in Figure 11.
All entity pairings identified from a text body must be
listed to determine the crucial relationships to be extracted.
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A classifier determines pairs that are essential for extrac-
tion [67]. Conventional RE systems treat the extraction of
relations from the text as two separate tasks in a pipeline,
where: (i) the system uses NER to identify the entities present
within the text, and (ii) the system extracts the semantic rela-
tions between the previously identified entities [67]. It shows
that NER is a crucial part of RE. In more advanced RE
systems, ACE task is utilized to automatically label a cor-
pus using the supervised learning of relations from a small
hand-labeled corpus. The performance of RE techniques is
evaluated using precision (2), recall (3), and Fj-measure
(4) [63], [67].

RE can be divided into two types: (i) open-domain and
(ii) closed-domain. Open-domain RE extracts semantic rela-
tions from text from any domain, meaning that the extraction
system must be able to build a corpus automatically based
on the domain. The ACE task can be used to solve the lack
of labeled training data for RE [35]. It allows the task for
open-domain RE to have a faster calculation speed and higher
accuracy than closed-domain RE while reducing the burden
of manually labeling the copra [67]. In addition, several varia-
tions of RE implementations have been introduced to address
existing issues in RE tasks. These RE implementations fea-
ture RBM, LBM, and hybrid approaches for identifying the
correct information to extract.

RE systems that use RBM have a simpler design than
those that use LBM. However, such systems face difficulties
handling the large volume and dimensionality of unstruc-
tured data [68]. This problem arises because of the need to
prepare a large set of rules for identifying relationships in
large amounts of textual data. Therefore, researchers have
developed a weakly supervised method that is effective for
minimizing manual annotation tasks [35]. Instead, the RE
system implemented by the LBM has the advantage of learn-
ing complex relations based on the presented data. However,
they tend to have a more complex system design, requiring
the developer to understand more complex algorithms and
be familiar with advanced functions and programming skills
to develop an automated RE system. The most recent RE
systems utilize a supervised LBM, which requires labeled
training data for RE model training [69]. As mentioned ear-
lier, the issue of limited labeled data can be managed using
ACE systems [35]. A few examples of RE using the LBM
include the CNN-BiLSTM network [43], weakly supervised
RE [35], and DNN unsupervised learning [45], [47], [70].
To date, research on RE is still in progress.

3) EVENT EXTRACTION (EE)

The EE mechanism includes identifying reported events in
unstructured text and extracting relevant information to a
structured form [6], [11], [16]. An event typically consists of
two components: (i) event triggers and (ii) arguments [11].
The EE task aims to extract information regarding event trig-
gers (or “triggers’’) and event arguments (or ‘“‘arguments’’)
from the text and convert them into a structured form [23].
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Triggers are the main words used to identify or express the
occurrence of an event in text. Therefore, trigger detection is
crucial for EE tasks [71].

Concurrently, arguments are words that specify the partic-
ipants or the components of a particular event.

The extracted information helps answer the “SWIH”
questions (who, when, where, what, why, and how) regard-
ing events that occurred events which come from numerous
sources of text The information that is extracted assists in
addressing the “SW1H” (who, when, where, what, why, and
how) questions regarding events, sourced from multiple text
sources [23]. EE tasks can be categorized into two types:
(i) open-domain and (ii) closed-domain.

Open-domain EE systems are used to identify and extract
information regarding events from various sources and activ-
ity domains (e.g., safety/security, justice, finance, biological
events, and chemical reactions). Alternatively, closed-domain
EE systems deal with an event originating from a specific
domain and utilize a predefined event schema for the extrac-
tion task. Although such systems can only deal with data from
a specific domain, they are much simpler to build and more
reliable than open-domain EE systems, since they do not deal
with a variety of topics/domains. If an event is detected in the
text, the closed-domain EE system attempts to identify the
event type, participants, and attributes, based on a predefined
event schema. Next, the identified information is extracted
and populated into a structured form following the schema
provided earlier. The following example is adapted from [23],
which visualizes predefined schemas for closed-domain EE
tasks, as shown in Figure 12 (a). The mechanism for detecting
and extracting relevant information (e.g., event type, trigger,
and argument) from a sentence is shown in Figure 12 (b).

EE systems can be trained to extract correct event-related
details using the RBM or LBM [6]. The EE system employing
the RBM follows a predefined event schema prepared by a
domain expert as a set of rules for the extraction task. The
advantage of using the RBM for EE tasks is that it allows full
control of the mechanisms for event-trigger detection. How-
ever, preparing the rules for an extraction system is a tedious
and time-consuming task that requires a domain expert for its
completion. In contrast, an EE system employing supervised
LBM does not require experts to curate the rules or extraction
schemas for extraction tasks manually. Nevertheless, such a
system requires huge annotated corpora or training data to
build its own extraction rules [6], [11].

C. RQ3: WHAT ARE THE REAL-WORLD APPLICATIONS OF
IE FROM TEXTUAL DATA?

The primary purpose of IE techniques for textual data is to
identify and extract specific information from text. This study
identified the primary methods for extracting information
from text, including NER, RE, EE, hybrid techniques, and
other methods. For simplicity, we grouped the hybrid tech-
nique and other methods (e.g., rule-based, ontology-based,
learning-based, or DL-based methods) into a category called
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Sentence:

At the [daybreak of the 9" [the terrorist|set off a truck
[bomb) attack in Nazarethl.

CExtract all arguments using (aD

Type: Conflict/Attack
Trigger: attack

Arg-attacker:
Arg-target: [NULL]
Arg-instrument: |bomb
Arg-time: |daybreak of the 9*!
Arg-place:
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FIGURE 12. lllustration of a closed-domain EE showing: (a) the example
of predefined event schemas, (b) the mechanism to extract event-related
arguments from a sentence.

“hybrid and other methods”. Each of these methods has been
created to extract a certain type of target information. For
example, NER can be used to identify and extract named
entities and types of entities from a text body. RE is used to
extract relational information between entities, whereas EE
is used to identify and extract event occurrences and their
arguments from text [25], [63], [67], [72].

Furthermore, based on the studies gathered, we examined
the applications of various IE techniques and categorized
them according to the application domain. According to
the included studies, each technique has been employed in
various domains and applications. Table 8 summarizes the
practical applications of the existing text-based IE techniques
based on domains and applications.

A thorough examination of the information in Table 8
revealed that IE techniques for textual data had been used in
various tasks and application domains. Figure 13 illustrates
the frequent uses and frequencies of the present text-based IE
techniques.

Most applications target IE from documents from the
medical or biomedical domains and documents specific to a
language. Several other applications include IE from social
media data, IE from (various) documents, IE for extracting
corpora from text data, KG construction, IE from news or
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TABLE 8. Practical applications of the existing text-based IE techniques.

Tech Domains Applications Studies
IE by Open IE [65, 73]
specific Corpus extraction [39, 74-80]
task KG construction [81]
News IE/ [82-85]
summarization
Language-specific task  [46, 56, 62, 73, 86-
98]
Question answering [99-102]
Other tasks [103-105]
% Law and Law enforcement [49]
z safety Industrial safety [44]
Cybersecurity [106, 107]
Crisis/event IE [48, 85, 108]
Closed- Medical/biomedical [58, 76, 89, 109-
domain IE 117]
by data Social media data [15,48, 52,94,
type 108, 118-120]
Chemical documents [18]
Scientific documents [81, 121]
From other documents ~ [122]
IE by Open IE [123, 124]
specific Corpus extraction [40, 80]
task type KG construction [125, 126]
Language-specific task  [124, 127-132]
IE from documents [64]
) Other tasks [133]
Safety Safety and security [127]
Closed- Medical/biomedical [68, 72, 125, 129,
domain IE 134-136]
by data Economy and finance [40, 137, 138]
type
IE by Open IE [139]
specific Corpus extraction [40]
task KG construction [140, 141]
News summarization [142,143]
Language-specific task ~ [72, 144]
m IE from documents [145]
H Safety Industrial safety [146, 147]
Crisis/event IE [148-150]
Closed- Medical/biomedical [71, 151-156]
domain IE Social media data [148, 150, 157-
by data 159]
type Economy and finance [14]
IE by KG construction [41, 59, 160]
specific News summarization [161]
E task Language-specific task  [162]
T IE from documents [60, 61]
=R Other tasks [163]
<3 Safety Industrial safety [17, 164, 165]
§ 8 Closed- Medical/biomedical [166-168]
as] domain IE Social media data [166, 169]
by data Scientific documents [170]
type

news summarization, and others, as shown in Figure 13.
Based on the top three applications of IE from textual data,
we can conclude that IE from text helps resolve problems
unique to domains, such as extracting information from med-
ical and biomedical materials, documents written in a partic-
ular language, and social media data.

D. RQ4: WHAT IS THE INTENSITY OF PUBLICATIONS
RELATED TO IE FROM TEXTUAL DATA?

Analyzing the intensity of recent publications is impor-
tant for helping researchers identify the trends and future
potential of a specific research domain area. Consequently,
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FIGURE 13. The count of included publications according to specific
application/task.

we specifically designed RQ4 to highlight the intensity of
publications related to IE from textual data. This allowed us
to investigate the potential growth of IE techniques for textual
data.

Careful and thorough analysis revealed that the domain of
IE from textual data is still on the trend as the number of
studies has increased over the last five years (2017-2021).
However, the number of studies identified and included in
2022 is lower than that in 2021 because more studies in
the current year are still in the publication process and were
not yet available online when this literature search was con-
ducted. We believe that the number of studies for 2022 will
rise and cross the trendline before the end of the year based
on the rise in identified studies from 2020 to 2021, which
suggests that this topic is currently on the rise. Figure 14 (a)
shows the overall trend in the number of identified studies,
whereas Figure 14 (b) shows the publication trend of the
included studies for the last six years within this domain area.

Next, the distribution of the included studies was further
examined based on the search directory so that researchers
could prioritize their search and discover more studies in this
domain area. The results showed that in the last six years of
publications in this domain, a large proportion of the included
publications were from IEEE Xplore (62%), followed by Sci-
enceDirect (20%), SpringerLink (8%), Scopus (4%), ACM
Digital Library (4%), and other directories (2%). Figure 15
shows the distribution of the included studies based on search
directories.

Following this, we labeled the included studies based on
the search directories used and study type. According to
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FIGURE 14. Illustration of the trend of publication counts in the recent
6 years for the: (a) count of the identified studies by publication year and
(b) count of the included studies by publication year.
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FIGURE 15. The distribution of included studies related to IE from textual
data by directories.

the findings, IEEE Xplore had the most publications and
the greatest variety of IE approaches covered among the
five main directories and additional sources (studies listed in
the reference list), followed by ScienceDirect, SpringerLink,
Scopus, ACM Digital Library, and other directories. The
IEEE Xplore directory contains the highest number of rel-
evant studies compared to the other directories. IEEE Xplore
and ScienceDirect cover the broadest range of IE techniques
for textual data, with more than six techniques available.
Therefore, when looking for content related to this domain,
researchers should focus on IEEE Xplore and ScienceDirect
to identify relevant materials in this domain study. The fre-
quency of publications mentioning specific IE techniques in
each directory is shown in Figure 16.

It is important to analyze the included studies according
to study type to identify the most popular study designs
among researchers. Based on the distribution of the included
studies, most publications were focused on the application
(69%), followed by research (13%), survey (6%), review
(6%), and SLR studies (6%). Application studies demonstrate
IE techniques for extracting information from textual data.
On the other hand, research studies offer individual or group
researchers an attempt to develop the latest advancements
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for enhancing current techniques using various methods or
frameworks. Next, survey studies summarize the progress
of a theory, concept, or technique from the beginning until
the most recent methods. Review studies comprehensively
assess and describe high-quality studies in certain domains.
Finally, SLR studies gather and assess eligible studies using
a systematic approach. Figure 17 shows the distribution of
included publications by study type.

The earlier numbers indicate that most of the included stud-
ies were primarily concerned with applying IE techniques to
their data. Following this, 13% focused on creating new tech-
niques or improving existing IE techniques, 6% presented
the results of a comprehensive survey on this topic, and 6%
provided a review of high-quality studies in this area. The
remaining 6% of studies were systematic reviews.

Thus, we believe that further research should be conducted,
particularly to address the concerns affecting the performance
of current IE approaches, as this would help other researchers
to improve current research breakthroughs. In addition, com-
prehensive SLR studies are required to capture the most
recent breakthroughs in this field from various perspectives.

V. DISCUSSION

Throughout this SLR process, we gathered sufficient data
to elaborate on the fundamentals of IE from textual data.
We explained the current techniques used for this purpose,
practical applications, and the intensity and trend of publica-
tions in the last six years. Therefore, Section V-A analyzes
the current challenges for each RQ, which must first be
understood to improve IE pipeline processes. Section V-B
provides recommendations for future research.

A. CURRENT CHALLENGES FOR EACH RQ

1) CHALLENGES BASED ON RQ1: DIFFICULTY IN
UNDERSTANDING FUNDAMENTAL CONCEPTS AND STEEP
LEARNING CURVE

The first challenge in this area of study is the steep learning
curve. New researchers need to spend a significant amount
of time understanding several terms and concepts related to
IE from textual data. These concepts cover a wide range of
knowledge that may be difficult to grasp and include natural
language, natural language processing, closed-domain IE,
open-domain IE, text corpora, and KG.

For example, NL and NLP fall under the umbrella of
natural language processing research, where studies are con-
ducted to understand how machines process natural lan-
guages. Although exploring the domain study of NLP is time
consuming, grasping such concepts may provide new insights
into comprehension and success in this challenging research
area. Researchers can also learn and explore the benefits
of NLP for extracting useful information from textual data
by consulting existing studies and domain experts. This will
eventually help us understand other concepts in this domain,
such as text mining, data mining, and semantics.
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6%
6%
6%

M Application

I Research

Ml Survey

M Review
SLR

FIGURE 17. The distribution of included publications by study type.

Second, new researchers may find it challenging to select
a suitable IE model that is effective for their data. This
problem is common in data science. However, this becomes
more distressing, mainly when dealing with the complexity
of textual data originating from various sources. IE models
for textual data must be able to cater to two distinct tasks:
(i) closed-domain extraction and (ii) open-domain extraction.
Although both tasks focused on extracting meaningful infor-
mation from text, the closed-domain IE task focused more
on extracting information from a particular domain (e.g.,
biological, chemical, or security), thus requiring an extraction
schema for the system to follow.

In contrast, open-domain IE tasks are designed to identify
the topic of interest from the text and thus do not require
such a schema. Developing a successful extraction model
may be difficult for researchers with less coding experience
as they must first decide which IE task to perform and then
set up their IE models following the relevant information to be
extracted. In addition, building reliable systems for managing
IE from language-specific documents and evaluating interac-
tions of unstructured data requires considerable expertise.

We believe that the explanation provided in this study is
sufficient for many readers to begin research in this domain.
In conclusion, although this study covered the essential
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topics needed to comprehend this field, researchers are urged
to conduct additional research, particularly by examining
the cited studies to acquire a more in-depth explanation.
As the body of knowledge surrounding IE from textual data
grows, researchers are encouraged to remain current in recent
advances and research in this area.

2) CHALLENGES BASED ON RQ2: ISSUES IN THE EXISTING
IE TECHNIQUES

In the second RQ, we evaluated current techniques for
extracting information from texts based on studies published
in the last six years. According to the information gathered,
IE from the text can be classified as NER, EE, RE, hybrid
techniques, and other methods. Although researchers have
collectively improved these techniques based on the essen-
tial concepts of IE from textual data, several issues remain
that require other researchers to explore solutions. Table 9
presents our findings regarding the issues and challenges
researchers face for each IE technique for textual data adapted
from [11].

The NER technique is reliable at fulfilling its purpose of
recognizing named entities when best practices are applied.
However, as summarized in Table 9, NER also faces many
challenging issues that affect its performance in recognizing
and classifying named entities. The table categorizes these
issues as being associated with data, entities, domains, tasks,
and languages. Several studies have indicated that issues
related to data and language are the most significant chal-
lenges that must be addressed to ensure the robustness of
NER systems. The most noticeable factors influencing NER
performance are IE from multilingual text bodies and IE
from languages with poor morphology or low resource levels,
which affect entity detection tasks in NER.

Alternatively, RE techniques face challenges related to
the data, language, relationship identification, and tech-
nical issues. In RE, data-related issues such as sparsity,
dimensionality, volume, and a lack of training data are more
prominent. In addition, RE encounters issues with languages
as each language has a different structure and ontology,
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TABLE 9. Issues and challenges of the existing text-based IE techniques.

Factors Influencing

Tech Issues Studies
the Issues
Data- Noise (e.g., homonyms) [6, 11,21, 53, 62]
related Missing data [6,11,171]
Data diversity [6, 11,21, 85]
Nested entities [6,7,22]
Variation in perspective [6,7,21]
Non-uniform writing/ [21, 53, 120]
narrative style
Lack of training data [21, 22, 25,102,
114,115, 171]
Lack of resources (e.g., [6,21, 22,50, 54,
copra, gazetteers) 102, 172]
Entity- Entities ambiguity [6,21,22, 60, 114]
related Automatic labeling [11,22,26]
~ Semantics of NE [11,26,114]
o) Unseen mention of entities  [117]
Z Domain- Domain-specific entities [50, 54, 114, 171]
related Novel morphology patterns  [117]
Task- Selection of NER [26, 115]
related technique
Generalize and define NER  [172]
features
Language  Specific language [6, 21, 50, 56, 95,
98,171, 173]
Different languages [50, 171, 173, 174]
Language morphology [6, 21, 50, 56, 96,
174]
Out-of-vocabulary issue [55, 60, 98]
Lack of training data [35, 50]
Lack of capitalization [21, 96, 174]
Data- Noise in data [69, 175]
related Data sparsity [6,11,171]
Data dimensionality [6, 24, 66, 67]
Volume [6, 24, 25]
Lack of training data [24, 28, 66, 69,
171]
m Language Language ambiguity [25,171]
~ Lack of multilingual IE [171]
Identify Domain-specific relations [24, 66]
relations Relationship ambiguity [24, 66]
Errors in constituent [66]
parsing
Technical ~ Require large, annotated [6, 24,25, 28, 67,
copra 175]
Data- Noise [6, 11, 158]
related Data sparsity [71, 171]
Data dimensionality [6, 11, 159]
Data sources diversity [6, 28]
Variation in perspective [6,11,159]
m Nested/overlapping events [155,176]
M Representation ambiguity [6, 158, 159, 176]
Lack of training data [28, 71]
Language  Language ambiguity [159, 171]
Technical ~ Semantic event modeling [11]
Limitation of ML and [11,28]
RBM techniques
Data- Data sparsity [171]
- —§ related Lack of training data [28, 171, 177]
§ £ Domain- Domain-specific [171,177,178]
- Q
= g related
£ E Language Language-specific [160, 171, 178]
= 5 One method, different [160, 179]
languages
Technical ~ Requires ontological [180]
taxonomy
Lack of benchmark results [179]
Data annotation task [168]

Requires large, annotated
copra

[28, 177, 179]
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causing extracting relations from the text to be challenging.
Another issue is that RE requires a large, annotated copra
to process complex sentences and paragraphs, as the system
needs to build many-to-many nested relations instead of sim-
ple relations.

Issues associated with EE tasks are primarily related to
data, language, and technical issues. The most cited issues in
EE tasks are related to data, such as noise, data sparsity, data
dimensionality, data source diversity, variation in perspec-
tive, nested or overlapping events within a text, ambiguity in
representation, and lack of training data. Therefore, focusing
on solving such issues will improve the performance of EE
models on par with other models such as NER or RE.

Finally, hybrid DL-based approaches (e.g., models based
on DNN, CNN, and transformers) and other methods (e.g.,
RBM and ontology-based methods) encounter performance
limitations in terms of data, domain, language, and techno-
logical issues. Furthermore, it is difficult for researchers to
determine which model best suits their data. Researchers are
still working on finding solutions to the factors affecting these
issues.

3) CHALLENGES BASED ON RQ3: ISSUES RELATED TO
FUTURE APPLICATIONS OF IE FROM TEXTUAL DATA

RQ3 investigated the most popular application of IE tech-
niques for textual data. In this study, we discuss the applica-
tions of NER, EE, RE, hybrid techniques, and other methods
for textual data. All the aforementioned IE techniques for
textual data have immediate real-life applications. Therefore,
this subsection provides information on the difficulties in
adapting these strategies to real-world requirements and chal-
lenges. In the era we live in today, data are accumulated
at a very high rate from various sources and gathered in
huge volumes [181]. It is known as the big data problem,
in which data can originate from various sources, formats,
and languages.

Based on our findings, recent studies have focused on
performing NER tasks on documents of specific languages.
NER model struggles to extract information from documents
written in multiple languages or documents in languages
other than the main preset language. Thus, each NER extrac-
tion model is limited by the language it is trained to extract
[6], [11]. A few examples include NER in Portuguese texts
[46], [91], Chinese texts [72], [76], [89], [127], [128], [129],
Indonesian texts [65], [78], [87], [119], [130], [143], Malay
texts [92], and Arabic texts [21]. This demonstrates that
language is a common barrier to extracting useful information
from text documents.

Second, there are challenges in terms of data variety.
IE techniques are used in the real world to extract infor-
mation from various documents, including electronic medi-
cal records, scientific documents with chemical names and
processes, law enforcement documents, safety and security
documents, and financial documents. From a closer per-
spective, these documents share a common characteristic;
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they are prepared by humans, not by sensors or machines.
It is worth noting that information prepared by humans
can often be much more difficult to extract and organize
than information prepared by machines (such as sensor data
and server logs) due to their “inconsistent” nature. Human-
prepared documents can be written using various languages,
perspectives, and writing or narrative styles. These inconsis-
tencies can arise in structures, formats, encodings, writing or
narrative styles, languages, terminologies, and measurement
units. Additionally, these documents may come from various
domains, such as healthcare, science, chemistry, law, safety,
and finance. Consequently, creating annotated corpora or
labeled data for these human-generated documents is highly
resource-intensive and time-consuming as it requires many
rules to be generated for IE task purposes [16], [34], [171].

Third, there are challenges of algorithm errors or limita-
tions, particularly when extracting complex information from
text. For example, Ramponi et al. [137] have successfully
extracted biological information from text accurately. How-
ever, their method does not work well for complex relations,
owing to algorithm errors. Because of this issue, they pro-
posed two possible solutions: (i) relying on the RBM instead
of using an ML method to have a higher degree of control
over the system’s behavior and (ii) enriching the system with
improved representation. In another study, Luo et al. [166]
reported that their algorithm required a large data sample
to produce highly accurate results. Given the small size of
the corpora, the algorithm cannot create a good model for
correctly extracting information.

To summarize, IE techniques have been successfully
implemented in various tasks in the real world, including
the extraction of cause-effect relationships [24], event detec-
tion and extraction [139], [144], corpus extraction from
text [39], [40], [75], KG construction, question answering
[36], [99], and mining social media data [148], [150], [157].
The mechanisms of IE from textual data are continually
developing as more research is being conducted to address
the existing problems within each technique. Researchers still
have many grounds to cover to ensure that textual data IE can
be fully automated or, at the very least, semi-automated, thus
removing the hassle of manually performing data preparation,
which is highly time-consuming. In the future, DNN/DL
models in IE from textual data have the potential to increase
significantly, owing to their capacity that allow machines to
learn and extract information from text accurately. Advance-
ments in IE techniques have provided a variety of applications
for solving complex real-world problems, such as identifying
false news and rumors, assessing risks, and producing useful
insights from news or reports.

4) CHALLENGES BASED ON RQ4: RESEARCH TRENDS
RELATED TO IE FROM TEXTUAL DATA

To answer RQ4, we thoroughly examined the intensity of
publications on IE from textual data within the last six years.
Based on the visualizations curated from the selected stud-
ies, we believe that research in this domain is still trending
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(Figure 14). However, compared to other Al domains, overall
research on IE from textual data is still very limited. More-
over, further in-depth analysis on Figures 8 and 16 reveals that
researchers mainly focused on the NER approach compared
to RE, EE, hybrid DL-based methods, and other approaches.
Therefore, it is difficult to explore such approaches with
limited resources.

Large corporations such as Amazon, Microsoft, Google,
Facebook, and Twitter generate and host massive amounts
of user-generated unstructured data on their servers. Such
data are typically saved and processed to create a general-
ized model of how customers think and behave collectively.
Businesses have been unable to fully utilize this information
as textual data cannot be processed similarly to numerical
data. Extracting and analyzing such data will give businesses
a competitive edge, as it reveals knowledge regarding human
behavior, individual or group purchasing patterns, sugges-
tions for decision-making, human lifestyles, and many others.
Researchers are encouraged to continue advancing the field of
IE from textual data as this field of study is now more crucial
than ever.

From a business management perspective, extracting and
utilizing this information enables organizational leaders to
make informed decisions and empower their decisions and
directions based on data. However, the overall research in this
domain area seems very limited, especially when exploring
models that employ hybrid DL-based methods. Therefore,
IE techniques for textual data are currently very important
and there has been a constant push for further research in this
domain.

B. FUTURE RESEARCH DIRECTIONS

In this study, we thoroughly evaluated existing studies in
the field of IE from textual data from several perspectives,
including the most recent methods, applications, and research
trends, while also detailing the challenges in this field. Mov-
ing forward, it is important to highlight potential future
research directions identified based on each RQ. Hence, this
section presents recommendations for future research based
on the challenges presented in Section V-A.

1) FUTURE RESEARCH DIRECTIONS BASED ON RQ1

The current challenges related to RQ1 are mainly based on
two issues: (i) the difficulty in understanding the fundamental
concepts related to IE from textual data, and (ii) the difficulty
in identifying the proper IE model for their data.

To address the first issue, this study provides a thorough
and straightforward explanation of several concepts related to
the study area (Section IV-A). Nonetheless, researchers are
encouraged to conduct more studies and gather supporting
information to solidify their understanding of the underlying
concepts of IE from textual data. This will help researchers
to develop a thorough understanding of related concepts from
various perspectives.

For the second issue, researchers may find it challenging
to select a suitable IE model that will be effective for their
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data or corpora, given the various IE models that exist today
and the increasing popularity of DL models in recent years.
Itis areasonably daunting task to explore each model. Hence,
we suggest that future studies generalize the most common
models (e.g., NER, RE, EE, or DL-based models) and make
them available to researchers by creating test kits in the MAT-
LAB toolbox or Python packages to facilitate easier deploy-
ment. It will assist novice researchers in understanding the
operating mechanism of the model, as well as in developing
and running simulations, thereby encouraging improvements
to existing models. Moreover, it allows the domain to witness
innovative ideas to solve the problem of accurately extracting
relevant information from textual data.

2) FUTURE RESEARCH DIRECTIONS BASED ON RQ2

Based on the challenges identified from RQ2, we discussed
the challenges faced by NER, RE, EE, hybrid techniques,
and other methods. From this, we discovered that the most
common issues faced by these techniques are related to:
(1) data, (ii) language, and (iii) technical issues.

Regarding the first issue, it is important to note that
the performance of an IE system may be affected by the
data itself (or corpora), which may contain noise, missing
data, high diversity, variance in perspective, lack of training
data, and volume issues (too large or too small). There-
fore, future studies should focus on developing high-quality
annotated data/corpora and making them publicly and freely
available to researchers for use as training datasets. The
annotated corpora must have the following characteristics:
decreased noise, no missing data, a clear perspective, and suf-
ficient volume. To assist in the development and ensure that
the annotated corpora are prepared correctly, a data/corpus
annotation guideline and manual should be designed, as in
[182], [183], [184], [185], and [186]. We believe that hav-
ing high-quality and publicly downloadable corpora (either
annotated or unannotated) will benefit researchers interested
in studying and improving the existing IE methods for textual
data.

Concerning the second issue, current IE techniques still
struggle to process user-generated data owing to language-
related issues caused by language morphology, out-of-
vocabulary texts, lack of training data for specific languages,
and lack of capitalization in some languages. Consequently,
most of the existing IE techniques are limited to the language
in which they are trained. Therefore, we recommend that
researchers investigate appropriate strategies, such as incor-
porating DNN/DL or a language-detection module into the
existing IE models. It ensures that future IE models can be
trained and processed using data or corpora containing mixed
or multiple languages. We believe such progress is significant
because organizations’ documents may be written in multiple
languages, and future IE models should be able to extract
relevant information from these documents.

Third, existing IE models also face technical issues, such
as requiring large-annotated copra, limitations of ML and
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RBM techniques, and a lack of benchmark results. Thus,
we recommend that future studies hybridize or combine their
techniques with DNN/DL, depending on the task or problem
to be solved. This offers the advantage of learning hidden
patterns within textual data and reasoning for the correct
information to be extracted. In addition, our findings show
that current state-of-the-art models employ DL to extract
information from textual data. Although it may be difficult to
implement a hybrid DL-based model, we believe that doing
so will help to address this issue, and the results can be used
as a benchmark for other studies.

3) FUTURE RESEARCH DIRECTIONS BASED ON RQ3

The challenges for RQ3 include: (i) issues related to future
applications of IE from textual data, (ii) data variety issues,
and (iii) limitations or issues with the existing IE algorithms.

We discovered that the most concerning issue with IE from
textual data is that current models struggle to extract infor-
mation from documents in multiple (or mixed) languages or
documents in languages other than the main preset language.
Researchers can use hybrid or DL-based IE models to inves-
tigate and propose methods for extracting useful information
from documents containing multiple languages or documents
of different languages (i.e., cross-language IE). This progress
may still be far from implementation based on the current
IE model development. Thus, pioneers need to move in this
direction before this can be made possible.

Next, regarding the data variety issue, researchers may con-
centrate on developing a DL or DNN-based IE model, as it is
a state-of-the-art model and has shown a promising outcome
for generating better results than other conventional meth-
ods. Due to the complexity of human-generated textual data,
two additional recommendations can be taken into account:
(i) focus more on the LBM because it utilizes fewer resources,
eases the burden of creating corpora/training data, and auto-
matically generates rules based on the training model; and
(ii) focus on a specific topic or theme by performing a closed-
domain IE task instead of an open-domain IE task.

Regarding the third issue, regarding the limitations of
existing algorithms, we recommend that researchers select a
specific algorithm and address it by either creating a specific
rule base for a higher degree of control or enriching the
system with improved representation (additional knowledge).
Researchers can also investigate suitable cross-validation and
optimization techniques to improve the accuracy of the IE
model after it has been trained, fine-tuned, and validated.

4) FUTURE RESEARCH DIRECTIONS BASED ON RQ4

Based on the challenges identified in RQ4, current stud-
ies have primarily focused on NER, EE, and RE, followed
by hybrid techniques and other methods (Figures 8 and
16). We recommend that researchers consider using DNN/
DL-based and hybrid approaches in future research. Fol-
lowing our findings regarding the application of IE from
textual data (Figure 13), more research has focused on med-
ical/biomedical and language-specific tasks as opposed to
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other applications. This is because many corpora are avail-
able in the medical and biomedical fields, and most studies
have concentrated solely on data extraction from a certain
language. Hence, we recommend that future studies focus on
other applications, such as security, legal, social media IE,
and news IE. As shown in Figure 17, most of the included
studies were application studies (69%), followed by research,
surveys, reviews, and SLR studies. Following the preced-
ing statement, we can see that despite the large number of
studies presented in this domain, most focus on application
studies. Hence, we recommend that researchers concentrate
on improving the performance of existing IE techniques
and address the issues explained in Section V-A. Finally,
Figure 14 shows that the trend in this research domain is still
ongoing. Still, we believe that more research is needed in
this domain area, particularly to improve the accuracy and
effectiveness of the existing IE techniques.

It is an open question from our perspective as to how long
this domain will remain in the trend. Despite this, we believe
that this research domain will continue to thrive since many
challenges remain unsolved. We believe the suggestions will
encourage researchers and developers to concentrate more on
enhancing the accuracy and effectiveness of the current IE
techniques and methodologies. Finally, this will lead to the
development of an industry grade IE system for widespread
use in the future.

V1. STRENGTHS AND LIMITATIONS OF THE STUDY
Section II summarized 12 survey and systematic review stud-
ies published within the domain of IE from textual data. It is
important to remember that these studies focused on various
aspects, and thus covered a narrow range of IE techniques
used for textual data. Although studies in the current literature
help us grasp the fundamentals of IE, they do not provide
a comprehensive and updated analysis that focuses on the
current approaches, applications, trends, and challenges of
various IE techniques for textual data. Furthermore, existing
studies in the literature were published a few years ago.

Therefore, this SLR compiles all studies relevant to IE
from textual data in one place, presenting accurate latest
figures and comprehensive materials for novices and experi-
enced researchers. Only high-quality and relevant materials
were included in this manuscript to ensure the credibility
of the findings, which were achieved by adhering to SLR
preparation guidelines [31], [32] and PRISMA criteria [32].
The outcome of this SLR study presents the most recent
methods and highlights their applications, as well as the
current research trends regarding IE from textual data with the
latest facts and figures. It also describes the challenges while
emphasizing suggestions for future research in this domain.
To the best of our knowledge, this is the first initiative in
this domain to present an SLR that focuses on various IE
techniques from textual data while paying particular attention
to each technique. It establishes a paradigm for future studies
by summarizing the current methods, applications, research
trends, and challenges of IE from textual data.
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Despite our best efforts, there are certain unavoidable
constraints to recognize when reporting our findings. First,
this study only considered studies published in English as
its source. Hence, some significant studies may not have
been included due to language barriers. Second, we excluded
studies with a poor methodology to maintain the quality of
our sources. Third, since the scope of this study is IE from
textual data, any studies that present methods for extracting
text from multimedia files such as images (e.g., scanned
documents, text extraction from images or handwritten doc-
uments, or using Optical Character Recognition, OCR) or
videos (e.g., text extraction from subtitles, text from video
clips, or text script extraction from lip-reading) are excluded.
Filtering our sources based on these criteria may have influ-
enced the final findings. However, the decision was made
based on the inclusion and exclusion criteria (Table 3) and
the eligibility assessment criteria (Table 4).

VII. CONCLUSION

This systematic literature study aims to present the most
recent approaches to IE from textual data, their applica-
tions, and current research trends, while outlining the chal-
lenges and potential future directions for this field of study.
To ensure that the manuscript complies with accepted report-
ing standards, the authors adhered to the systematic literature
mapping procedure described in the SLR preparation guide-
lines [31], [32] and PRISMA standards [32]. In the literature
search, 849 studies were retrieved from the five directories
and authors’ reference lists. After refining our list of stud-
ies using the literature study mapping process (Figure 1),
161 studies were obtained and considered for data analysis.
These 161 studies met the inclusion and exclusion criteria
(Table 3) and the eligibility assessment criteria (Table 4),
proving them to be high-quality reference materials.

The included studies were dissected and synthesized to
answer all the RQs presented at the beginning of this sys-
tematic study. Based on the collected evidence, the authors
presented several fundamental terms and concepts regarding
IE from textual data (Section IV-A) and current techniques
widely used to extract information from textual data (Section
IV-B). Next, the authors highlighted the practical applica-
tions of each IE from the textual data technique, where each
is categorized by domain area (Section IV-C). The authors
also presented the intensity of publications related to IE
from textual data with visualized and included key highlights
(Section IV-D). Finally, we discussed the current challenges
and provided recommendations for future research to address
the limitations found in the literature based on each RQs
(Sections V-A and V-B, respectively).

Our findings support the notion that IE techniques for
textual data can be divided into five categories: NER, RE,
EE, hybrid techniques, and other methods (e.g., rule-based,
ontology-based, learning-based, or DL-based methods).
In light of the current issues in the existing IE techniques,
we found that language-related issues are the most common
barriers to extracting useful textual information. The second
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TABLE 10. PRISMA 2020 checklist.

Section Num Location

Title 1 Page 1: Title

Abstract 2 Page 1: Abstract

Introduction 3 Page 3: Section I
4 Page 3: Section I

Methods 5 Page 7: Section I1I-B
6 Page 6-7: Section III-A
7 Page 6-9: Section III-A until Section IT1I-D
8-15 Not applicable

Results 16a Page 7: Section III-A
16b Not applicable
17 Page 9-20: Section IV and Section V
18-22  Not applicable

Discussion 23a Page 9-18: Section IV
23b Page 18-21: Section V-A
23c Page 22: Section VI
23d Page 21-22: Section V-B

Other 24 Not applicable

Information 25 Page 1

26-27  Not applicable

major concern is related to data, where textual data may
originate from various sources, exist in various structures,
or lack consistency. Third, technical issues may include algo-
rithm errors and other factors contributing to incorrect IE
processing. Other challenges related to IE from textual data
are summarized in Table 9 and explained in Section V-A.
A few survey studies [24], [25] have also concluded that
DL-based and hybrid models are currently state-of-the-art for
extracting information from text.

This literature review, therefore, aims not only to provide
the most comprehensive understanding of IE from textual
data and the status of research in this domain area but
also to assist both novice and experienced researchers in
determining the future research directions of this domain.
We genuinely hope that this study will serve as a central
point of reference for novice and experienced researchers to
grasp fundamental knowledge regarding IE from textual data.
Finally, the authors hope to inspire enthusiastic researchers to
dedicate their efforts to improving the existing IE approach
and investigating areas where IE from text has not been used
previously. This will allow us to develop skills and broaden
our knowledge.

APPENDIX A

All the literature search databases employed different search
schemes. To produce equivalent search queries across all
databases, we either utilized operators and wildcards to create
advanced search queries, or used the advanced search form
provided on each database’s website. Advanced search guide-
lines are referred to and available from the following links,
accessible on the latest search date of July 31, 2022.

1) IEEE Xplore: https://ieeexplore.ieee.org/Xplorehelp/
searching-ieee-xplore/advanced-search

2) ScienceDirect: https://service.elsevier.com/app/
answers/ detail/a_id/25974/
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3) SpringerLink: https://link.springer.com/searchhelp

4) Scopus: https://service.elsevier.com/app/answers/
detail/ a_id/11213/ (document searching) and https://
service.elsevier.com/app/answers/detail/a_id/11365/
(advanced searching)

5) ACM Digital Library:
advanced

https://dl.acm.org/search/

Special note for ScienceDirect advanced search: The query
engine automatically includes keyword results with plu-
rals and spelling variants (e.g., “entity” includes ‘“‘enti-
ties”” while “‘extract” includes “‘extracts’’, “‘extraction’’, and
“extracting”’).

APPENDIX B

The PRISMA 2020 Checklist template is adapted from:
http://prisma-statement.org/documents/PRISMA_2020_
checklist.pdf.

ABBREVIATIONS
All abbreviations used in this manuscript are defined below.

Abbreviation Definition

ACE Automatic corpus extraction

Al Artificial intelligence

ALBERT A lite BERT for supervised learning

BBMC BERT-BiLSTM-MHATT-CRF

BERT Bidirectional Encoder Representations from
Transformers

BiLSTM Bidirectional long short-term memory

CNN Convolutional neural network

CoNLL Conference on Computational Natural Language
Leaming

CRF Conditional Random Field

DistilBERT A distilled version of BERT

DL Deep learning

DNN Deep neural network

DOI Digital object identifier

EE Event extraction

ENAMEX Entities such (e.g., person, organization, location)

HMM Hidden Markov Model

IE Information extraction

KG Knowledge graph

LBM Learning-based method

MHATT Multi-head attention

ML Machine learning

MUC-6 The Sixth Message Understanding Conference

NB Naive Bayes

NER Named entity recognition

NL Natural language

NLP Natural language processing

NUMEX Numerical expressions (e.g., time, currency, date)

OCR Optical character recognition

POS Part-of-speech

PRISMA Preferred Reporting Items for Systematic Reviews and
Meta-Analyses

RBM Rule-based method

RE Relation extraction

RoBERTa Robustly Optimized BERT Pretraining Approach

RQ Research question

SLR Systematic Literature Review

SVM Support vector machine
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