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Abstract

Purpose:The principal purpose of the present article is to analyze the technical
mechanisms and the categorization procedure of thesaurus, ontology, and their types
in storage and retrieval of digital and non-digital content. The types of knowledge
organization systems (KOSs) which are addressed in this article are Roget’s
thesaurus, thesauri, Micro, Macro and Meta thesaurus, ontologies, and lower,
middle, or upper level ontologies. The study attempts to demonstrate categorization
procedure through determining the position of KOSs in the context of data,
information, and knowledge (DIK) by explaining their engineering mechanisms
such as data, information and knowledge engineering in content storage and
retrieval, especially digital contents. Method:The research method relies on
documented and historical methodology. Findings: As ontologies have taken the
highest position amidst KOSs in making digital resources available in web-based
environment, it is suggested that Iran and other developing countries use the
capacities and capabilities of ontologies, especially in the development of national
ontologies, in order to construct their knowledge-based infrastructure and system to
achieve high performance in digital content engineering and management.
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Introduction

Knowledge Organization Systems (KOSs) is a generic term used for
referring to a wide range of items (Zeng 2008) such as lists, authority
files, gazetteers, dictionaries, encyclopadias, synonym rings,
taxonomies, folksonomies, classification schemes, [subject headings]
thesauri, and ontologies (Hjorland, 2008). In their historical evolution,
KOSs have benefited from the developmental experiences of previous
KOSs (Amirhosseini, 2008; 2021) and hence, their structures are not
simply a repetition of the past (Zeng 2008). They focus on their
specific purposes to model the underlying semantic structure of a
domain for storage and retrieval (Tudhope and Nielsen, 2006). KOSs
from the simplest to the most complex ones are different from each
other in following their specific purposes and in operating their
specific organization methods to make varied forms of data,
information, and knowledge available. Therefore, they share
similarities in terms of applying a kind of order to make information
available (i.e., their goal). On the other hand, they differ in the method
of creating order to access specific forms of information (i.e., their
purpose) (Amirhosseini, 2021).

KOSs have used their technical procedure such as data engineering,
information engineering, and knowledge engineering to organize data,
information and knowledge (DIK) (Soergel, 2009). In analyzing the
applications of KOSs' technical procedures, it can be said that these
engineering mechanisms cover three main roles in achieving the goals
and purposes of KOSs. Firstly, engineering mechanisms are the main
factor in creating an internal order to develop the semantic relations
network (Mazzocchi, 2018) in development of KOSs in specific
domains or tasks based on standard techniques and methods
(International Organization for Standardization, 2013). Secondly, the
creation of compatibility and interoperability between different types
of KOSs to develop various types of knowledge organizations is
possible through relying on special techniques such as Mapping,
Switching, Merging, and Integration (Aitchison, Gilchrist, and David
Bawden, 2000). Lastly, technical mechanisms play a great role in
organizing various types of content such as digital content by using
KOSs as a tool (National Information Standards Organization, 2003)
to achieve the goals and purposes in storage and retrieval. Therefore,
KOSs’ engineering mechanisms have played a key role in creating
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various types of KOSs as well as organizing various types of content,
while KOSs have their specific position in DIK.

The main purpose of this article is to analyze the DIK, engineering
mechanisms, and categorization procedure of thesaurus and ontology
and their types in the storage and retrieval of digital and non-digital
content. In this article, the following issues are discussed to achieve
the above main purpose. The development framework of KOSs such
as data, information, and knowledge engineering of the DIK are
explained in thesauri, ontologies, and their various types. Moreover,
the categorization procedure is discussed to represent the position of
KOS according to DIK.

The development framework of KOSs

In the process of organizing data, information and knowledge
management, knowledge organizations intend to organize data,
information, and knowledge (DIK) or other various types of content to
achieve semantic structures. The DIK can be arranged based on a
hierarchical pyramid (Ackoff, 1989), where data is at the lowest level
and information and knowledge occupy the highest Ilevels,
respectively. DIK have infrastructural roles in data, information (Chen
et al., 2009), and knowledge management (Zeng et al., 2020). In fact,
KOSs from the simplest to the most complex ones provide a
framework or schema for storing and organizing data, information,
and knowledge (Soergel, 2009) to participate in data, information, and
knowledge management. Such framework resembles a tool (Hjerland,
2008) to display efficacy in organizing various types of content,
particularly in organizing digital content (Golub, Schmiede and
Tudhope, 2019), when developing digital libraries (Hodge, 2000).
This process has been down through operating technical methods
(International Organization for Standardization, 2011; 2013; British
Standards Institution, 2005-2008; National Information Standards
Organization, 2003) based on data, information and knowledge
engineering. Therefore, KOSs are tools for describing resources based
on DIK and the related engineering mechanism to increase the
performance of content storage and retrieval regarding digital and
non-digital contents, especially to develop digital libraries.
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The development framework of Thesauri

The idea of a semantic order was proposed by Peter Mark Roget’s
thesaurus in 1852, which was not a simple alphabetical list of words
(Foskett 1980) , but had a conceptually-based structure in making the
relationship between related words in a specific semantic domain to
help express the thoughts of writers (Arano 2005). As early as 1951,
Hans Peter Luhn, influenced by Roget’s semantic order, established
semantic relations (hierarchical and associative relations) between
related terms called thesaurus to operate in information storage and
retrieval (Foskett 1980). Thesauri, while using the semantic order
method in Roget's thesaurus are effective tools in organizing content,
especially digital content, by relying on a semantic network system
between descriptors to increase the performance of information
storage and retrieval systems. The purpose of thesaurus development
in specific fields of knowledge (Lancaster 1972) has resulted in the
fast production growth of a large number of specialized thesauri in the
late 1960s and early 1970s (Amirhosseini, 2021). Production of a
large number of specialized thesauri caused the lack of coordination
and compatibility between the available thesauri thus, interfering with
information storage and retrieval system. The integration and
compatibility between specialized thesauri were achieved by
following certain theoretical foundations (Amirhosseini, 2021)
through operation of the specific standard techniques (Aitchison,
Gilchrist, and David Bawden, 2000). These standard methods and
techniques, complemented with the support of information
engineering mechanisms, have been used in creating thesauri and their
various types in the 1980s are: Micro, Macro and Meta thesaurus
(Zeng 2019) for their application in information storage and retrieval.
Therefore, thesauri are placed in the role of information in fulfilling
their purpose in increasing the performance of information storage and
retrieval, while information engineering is considered the most
important mechanism for the development of thesauri and their types.

The development framework of ontologies

The hierarchical and associative relations resulted in developing
general or imprecise semantic relations. In this case, a novel KOS has
been developed to prepare granular semantic relations between
concepts (Cat 2017) on a particular topic in knowledge storage and
retrieval (Dragoni et al. 2012), especially in developing digital
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libraries (Biagetti, 2021) in the 1980s (Gruber, 2009) which is called
specialized ontologies. The large numbers of specialized ontologies
have been constructed in various scientific fields until the beginning
of the 21st century (Dombayci 2019). While the large number of
specialized ontologies led to the formation of incoherence between
them (Amirhosseini, 2021), the operational techniques in semantic
interoperability were developed to make consistency and harmony
between specialized ontologies (Jin 2018). In early 21* century, this
process resulted in developing various types of ontologies such as
lower, middle, or upper level ontologies (Mascardi et al., 2007).
Semantic interoperability in ontologies can be defined as the ability of
different agents, services, and applications to communicate data,
information, and knowledge — while ensuring accuracy and
preserving the meaning of that same data, information, and knowledge
(Zeng, 2019). Therefore, since ontologies and their types use
knowledge storage and retrieval techniques to create knowledge-based
systems, they have the position of knowledge and the appropriate
engineering mechanism for them is knowledge engineering.

Discussions on categorizing of KOSs

This section presents the categorization procedure based on "semantic
staircase" used to determine the position of the aforementioned KOSs
through clarifying the DIK that they intend to organize and analyzing
their related engineering mechanism that support each KOS. The idea
of a "semantic staircase" presented by Olensky (2010), which
glossaries (or other less structured KOSs) are placed at the lower
grade and ontologies at the top of the hierarchy of KOSs (Mazzocchi,
2018). The following figure shows the positions of the mentioned
KOSs based on a semantic staircase.
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Figure 1: The Categorization of the KOSs based on "semantic
staircase" (Olensky, 2010)

The above figure demonstrates that there is a specific position for each
of the mentioned KOSs based on DIK. In this figure, the first position
belongs to Roget's thesaurus as the simplest KOS, which establishes
the idea of a semantic system between words or data through relying
on data and information engineering mechanisms to help writers with
finding the appropriate words to express their idea. The specialized
thesauri are placed in the position of information, to play a role in
establishing a hierarchical and dependent semantic relationship
between terms in improving the performance of the information
storage and retrieval system based on the information engineering
mechanism. The third position belongs to various types of thesauri,
which include micro, macro, and meta-thesauri which is the
information position. The various types of thesauri are in a higher
position than specialized thesauri, because they create compatibility
between specialized thesauri through using the specific techniques
based on information engineering. Specialized ontologies take the
fourth position or knowledge position in terms of storing and
retrieving knowledge by establishing precise and granular semantic
relations between concepts through knowledge engineering. The
various types of ontologies, such as lower, middle and upper level
ontologies are placed in the final position by establishing
interoperability between specialized ontologies in order to create
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compatibility between them by relying on specific knowledge
engineering techniques.

Conclusion

KOS follows its own purpose to store and retrieve the content It aims
to organize. Moreover, each of the KOSs has a specific position in the
hierarchical relations of data, information, and knowledge. Although
all KOSs have used the pre-existing experiences and techniques
belonging to their previous generations, each KOS also uses its own
engineering method and techniques including data, information, and
knowledge engineering to organize content. Ontologies belong to the
position of knowledge, which is the highest position in semantic
staircase model, while encompassing the lower levels of information
and data. Furthermore, while ontologies have also used information
and data engineering methods, the appropriate engineering method for
ontologies is the knowledge engineering mechanism for creating the
ontology knowledge organization and increasing the performance of
the content storage and retrieval. The use of ontologies as tools for
knowledge organization provides integrated access to the use of
digital objects based on semantic interoperability in making relations
between the meanings attributed to documents managed by different
repositories (Biagetti, 2021). Therefore, ontologies are located in the
position of knowledge and are specifically designed to store, retrieve,
and share knowledge, especially digital contents, through knowledge-
based systems, especially in web-based environments, based on the
principles of knowledge management systems. In conclusion, digital
content management and engineering in the present age must use the
latest human achievement, ontology, in the organization and
dissemination of digital content. Thus, it is suggested that Iran and
other developing countries use the capacities and capabilities of
ontologies, especially in the development of national ontologies, in
order to construct their knowledge-based infrastructure and system to
achieve high performance in digital content engineering and
management.
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