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Preface

The tremendous amount of data being generated on a daily basis in hos-
pitals and other medical institutions needs to be properly harnessed and 
analyzed in order to gain useful insights. In other words, the health- 
related data needs to be explored in order to uncover valuable information 
that could lead to improved healthcare practices and the development of 
better biomedical products. However, there are many challenges, which 
need to be addressed before this goal is reached. One of the major chal-
lenges is interoperability of health and medical data. The data generated 
not only comes from different sources but also has inconsistencies in nam-
ing, structure, and format. An important requirement is to capture rele-
vant data and also make it widely available for others to use. In addition 
to the data integration problem, user interaction with the data is another 
challenge. The difficulty lies in search handling, data navigation and data 
presentation. Finally, another challenge is how to use this huge amount 
of data to find valuable new patterns and transform such data into valu-
able knowledge, leading to potential improvement of resource utilization 
and patient health, and the development of biomedical products. There 
is a vast potential for data mining and data analytics tools in healthcare 
that could lead to useful information for decision making. In recent years, 
the Semantic Web has been gaining ground in addressing these challenges. 
The aim of this book is to analyze the current status on how the Semantic 
Web can be used to solve various challenges and enlighten readers with 
key advances in ontology-based information retrieval techniques in the 
healthcare domain. The following is a brief summary of the wide range of 
subjects covered throughout the book.

-	 Chapter 1 discusses various information extraction techniques  
used to model the documents product/service reviews.  
The advantages of using the Semantic Web to ease commu-
nication between businesses and improve processes are also 
discussed.
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-	 Chapter 2 explores the impact of Semantic Web technolo-
gies and the challenges associated with their use in effective 
healthcare systems and also proposes solutions, which can 
be achieved with the present technology. In addition to this, 
some algorithms, frameworks, and real-time database sys-
tems realized with the help of artificial intelligence and web 
technology-based solutions are also discussed.

-	 Chapter 3 focuses on the importance of an ontology-based 
system for a patient monitoring system. A domain ontology 
has been constructed to preserve the details of patient health 
issues. With the support of ontology, a patient monitoring 
system is constructed wherein data concerning every detail 
about the patient and their health is stored.

-	 Chapter 4 highlights the role of Semantic Web technolo-
gies in improving services provided by healthcare systems. 
It elaborates on the search techniques used by research-
ers in the field to find the desired information. The role of 
semantics, how they are beneficial in the search process, and 
domain-specific resources are presented in detail. The latest 
technological advancements and resources from the bio-
medical field are also discussed.

-	 Chapter 5 discusses what actionable content should look like 
in practice and how it can become more efficient by aiding in 
clinical decision-making and administrative capability. The 
chapter renders various definitions of actionable content, 
and also focuses on the stages of health analytics and how 
ontology can be used for prescriptive health analytics.

-	 Chapter 6 depicts the retrieval of ontology-based informa-
tion from the medical literature database MEDLINE. The 
main focus of the chapter is to enhance the retrieval of infor-
mation from the medical literature database and conduct the 
search with more clarity. The approach discussed to achieve 
this is the preliminary design and execution of an ontology- 
based intelligent agent system that applies Semantic Web 
language, which benefits efficient systematic retrieval of 
medical information.

-	 Chapter 7 presents a historical analysis of an ontology-based 
system for robotic surgery and documents the most signif-
icant interventions of robots in medical surgery. The chap-
ter discusses how the academic field has embraced this new 
discipline and how inclusive research on a worldwide scale 
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has honed the design and method of robotic procedures, all 
while maintaining an impeccable metric.

-	 Chapter 8 presents the applications of IoT in healthcare and 
how these applications can be used with the help of various 
sensors. It discusses the established strategies used by IoT-
based devices to deal with patients, doctors, and hospitals 
in order to provide smarter and faster services. The authors 
propose an IoT-based architecture for monitoring the health 
of patients remotely.

-	 Chapter 9 discusses the use of precision medicine in the 
context of ontology. It explains ontologies and their appli-
cation in computational reasoning to promote an accurate 
classification of patients’ diagnoses and managing care, and 
for translational research.

-	 Chapter 10 discusses the use of knowledge graphs for knowl-
edge representation. A model for such a knowledgebase is 
proposed that makes use of open information extraction 
systems to capture relevant knowledge from medical litera-
ture and curate it in the knowledgebase of the clinical deci-
sion support system.

-	 Chapter 11 covers all aspects related to the successful cus-
tomization of data semantics, ontologies, clinical jobs, and 
free learning, and depicts the Unified Medical Language 
System (UMLS) framework used inside AQ21 rule learning 
programming. Ontologies are the quality systems for expres-
sive genuine variables in clinical and flourishing fields.

-	 Chapter 12 provides information on rare diseases and 
explores the relationship between rare diseases, diagnoses, 
and information retrieval. In particular, it illustrates the 
history, characteristics, types, and classification along with 
databases of rare disease information. It also explores the 
challenges faced by researchers in rare disease informa-
tion retrieval and how they can be resolved by search query 
optimization.

-	 Chapter 13 reviews the recent advances in medical termi-
nology tools and application strategies currently in use 
for semantic reasoning and interoperability in healthcare. 
Common terminology standards used in health information 
and technology, such as SNOMED CT, RxNorm, LOINC, 
ICD-x-CM, and UCUM, are discussed. Also discussed are 
the current reference terminology mapping solutions that 
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enable semantic interoperability of data between health 
systems.

-	 Chapter 14 builds upon the existing AI-based model in 
order to discover a new model to improve healthcare facili-
ties for the faster recovery of COVID-19 patients. The chap-
ter discusses different AI-related solutions for the healthcare 
industry.

In conclusion, we are grateful to all those who directly and indirectly 
contributed to this book. We are also grateful to the publisher for giving us 
the opportunity to publish it.

Vishal Jain
Jyotir Moy Chatterjee

Ankita Bansal
Abha Jain

September 2021
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Abstract
The internet world contains large volume of text data. The integration of web 
sources is required to derive needed information. Human annotation is much dif-
ficult and tedious. Automated processing is necessary to make these data readable 
by machines. But mostly they are available in unstructured format, and they need 
to be formatted into structured form. Structured information is retrieved from 
unstructured or semi-structured text which is defined as text analytics. There are 
many Information Extraction (IE) techniques available to model the documents 
(product/service reviews). Vector space model uses only the content but not the 
contextual representation. This complexity is resolved by Semantic web, the initia-
tive of WWW Consortium. The advantage of the use of Semantic web enables the 
ease of communication between Businesses and in process improvement.

Keywords:  Ontology, semantic-web, decision making, healthcare, service, reviews

1.1	 Introduction

Text analysis is defined as deriving structured data from unstructured 
text. Additional information like customer insight about the product or 
service can be retrieved from the unstructured data sources using text 

*Corresponding author: abiramiam@tce.edu

mailto:abiramiam@tce.edu
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analytics  techniques. Its techniques have different applications such as 
insurance claims assessment, competitor analysis, sentiment analysis and 
the like. Many industries use text analytics for their business improvement. 
Social media impacts different industries like product business [1, 2], tour-
ism [3, 4], and healthcare service [5] with the tremendous changes in the 
recent past years.

Retrieving and summarizing web data, which are dispersed in different 
web pages, are difficult and complex processes; also, they consume most of 
the manual effort and time. No standard data model exists for web docu-
ments. This increases the necessity of annotating the huge number of text 
documents that exist in the World Wide Web (WWW). Extracting and 
collating the information from these text is a complex task. Unlike numer-
ical dataset, text documents contain more number of features. The amount 
of resources required to represent big dataset may be improved by repre-
senting the text documents with most needed and non-redundant features. 
Classification or clustering algorithms may be used for identifying the fea-
tures from the text documents. The documents are analyzed, modeled and 
then used in the process of business improvement or for personal interest. 
Thus, the annotated text improves automated decision-making process, 
which in turn reduces the manual effort and time required for text analysis.

The report from British Columbia Safety and Quality Council says when 
patients and healthcare service entities are engaged in online platform, 
then there would be greater improvement in offering healthcare services. 
Improvement in healthcare services is visible when insights from the expe-
rience of patients are analyzed [5]. Hence, it becomes necessary to consol-
idate the opinions from the customers or clients so as to improve business, 
decision-making and increase revenue. Figure 1.1 gives the overview of 
decision-making process from the online product/service reviews, using 
different information extraction and text analysis techniques.

There exist many challenges while analyzing the social media text or 
user-generated content. In languages like English, the same word has mul-
tiple meaning (polysemy), and different words have same meaning (syno
nymy). People show “variety” and use heterogeneous words while expressing 
their views. It often leads to complication in processing the textual data. 
Most of the feature extraction techniques do not consider the semantic 
relationships between the terms. Subjectivity that exists in text process-
ing techniques adds complexity to the process, which in turn impacts the 
evaluation of results. Also, the rare availability of gold-standard or anno-
tated text data for different domains add more challenges to text analysis 
[6]. Hence, the identification and application of suitable Natural Language 
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Processing (NLP) techniques are the main research focus in text data 
analysis.

Text analytics supports the context matching between the reader and 
the writer. This challenge can be managed if different vocabularies of fea-
tures and their relationship are well represented in the data model. For 
example, content based contextual user feedback analysis enables the users 
to buy new products or avail any service by highlighting the best features 
of products or services. Challenges and issues in information retrieval 
problems are overcome if Ontology representation and topic modelling 
techniques are used for modeling the text documents. The chapter focuses 
on extracting relevant features from the set of documents and building 
domain ontology for them. The Ontology helps in building the predictive 
or sentiment analysis model by using suitable information retrieval (IR) 
techniques and contextual representation of data, so as to enable auto-
mated decision-making process, before buying a new product or availing a 
new service, as shown in Figure 1.2.

1.1.1	 Ontology-Based Information Extraction

Ontology describes a domain of classes. It is defined as a conceptual model 
of knowledge representation. The concepts of the domain (classes), their 
attributes, their properties and their relationships are well described by the 
Ontology model. It also explains the meanings of the terms applicable to 
the domain. Ontology is one of the key components of semantic web tech-
nology. The semantic web technologies like Ontology, RDF and Sparql are 
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Figure 1.1  Decision-making process from social media reviews.
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used in describing different words and their dependencies by modeling the 
textual data. Components of Ontology include:

•	 Concepts are also known as Classes. It is a unit of knowl-
edge, shared among identified group of persons for the con-
cept’s domain. There exists relationship among concepts. 

•	 Instances are individuals of concepts. They represent specific 
elements attached to the domain ontology. Instances are the 
“thing” represented by a concept.

Information Extraction (IE) and Ontology are related with one another 
like: Ontology is used in information extraction as part of understanding 
process of the domain; on the other hand, IE is used to design and enrich 
Ontology [7]. Common vocabulary and shared understanding among dif-
ferent people are enabled by Ontology. The contextual representation of 
data semantics is well described by the Ontology [8]. The UML diagrams 
along with Ontology support the biologists by classifying the entities and 
interactions between proteins and genes [9]. The terms (vocabularies) and 
the concepts (classes) in the source Ontology are used in term matching, 
thereby used in tagging the text documents. Thus the Ontology and their 
specifications are used in the information extraction process.

1.1.2	 Ontology-Based Knowledge Representation

Knowledge is data that represents the outcome of computer-based cog-
nitive processes such as perception, learning, association, and reasoning, 
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Figure 1.2  User-generated content analysis (UCA) model.
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