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Ontological Modeling 

Introduction 

Before beginning a discussion on ontological modeling, what is ontology?  Ontology can 

be defined as a “vocabulary of interrelated terms which impose a structure for the domain and 

constrain the possible interpretation terms” (Kalinichenko, 2003).  More simply, ontology is a set 

of terms and their definitions. An ontology is generally domain specific in that it defines a shared 

vocabulary about a specific domain. Ontology includes: controlled vocabularies, thesauri, 

classification schemes, taxonomies, topic maps, frame language, and logical theories 

(Krishnamurthy, 2006). There are four classes of models for ontology including: verbal, logic-

based, structural (object) and hybrid. Verbal ontologies are informal and can include a thesaurus 

of concepts and relationships or a subject domain glossary of terms. Logic-based ontologies are 

defined formally and can be designed to encode schema (metadata) and non-schema information.  

Logic-based models continue to evolve with Semantic web development (Kalinichenko, 2003). 

Semantic Web technology uses relationships to define a knowledge domain.  Ontologies 

can express more relationships than hierarchical taxonomies including temporal (A happens 

before B), positional (A is near B), and causal (A creates B). “The Resource Description 

Framework (RDF) is the Semantic Web standard for defining an ontology in machine-readable 

form” (Coyle, 2010). In other words, RDF is an ontology language. 

  



LIS 688 2 Baker, Goodman, Parker 

Background 

While Google is famous for its search capability, online search is, “far from a solved 

problem” (Powell, Collins, & Martinez, 2010). Current searching techniques return high results 

for a given query, but generally lack precision. Ontologies help make sense of the unstructured 

nature of information available on the Web. Simple metadata was the first proposal for a solution 

to higher precision. Ontologies add meaning to simple metadata; they encode knowledge and 

include definition of basic concepts in the domain and relationships among them. In order for 

semantic web to work it needs ontologies with structure. XML is only a method for exchanging 

data between parties who have previously agreed to definitions.  In 1995, RDF was created to 

add meta information to web documents that described how documents were related to one 

another. It introduced simple semantics and is a W3C supported semantic markup scheme 

(Krishnamurthy, 2006). The RDF schema (RDFS) allowed the construction of basic ontologies 

that included hierarchies. Web Ontology Language (OWL) is the new W3C technology that 

allows for the construction of significantly more complex relationships (Lowe, 2007).  Today’s 

ontological models and languages are created based on the initial RDF premise of description 

through logical statements and relationships. 

Literature Review 

Ontology models were developed to represent knowledge and the relationships between 

things and ideas. Christopher Brewster and Kieron O’Hara’s article explores the challenges that 

arise in developing an ontology. For instance, representations about relationships between things 

and items, “depends on what the ontology captures [...] and what it omits” (Brewster & O'Hara, 

2007). That is, ontologies can only display components of relationships which were input into 

the system. If details are omitted, relationships cannot be generated or displayed. This concept 
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“provides a particular perspective on the world” (Brewster & O'Hara, 2007) which can create a 

particular bias in the data. That is, by choosing which aspects to be included in an ontology 

means by necessity that other relationship possibilities are at worst being eliminated or at best 

more difficult to discover. Therefore, if one ontology is corrupt in some way, when combined 

with other ontologies which may also have “an imperfect model of its universe, knowledge 

interchange or sharing may increase or compound errors which were not visible in the initial use 

of an ontology” (Brewster & O'Hara, 2007). It is therefore important to remember that ontologies 

are “a surrogate standing for the objects and relations outside in the world” (Brewster & O'Hara, 

2007).  

Knowledge management (KM) is another way to look at ontological modeling. KM 

tackles issues such as how to manage knowledge across different platforms throughout time as 

the systems are upgraded, realizing that knowledge comes in many different formats, that 

linguistically people may refer to the same concept with different names, as well as what type of 

knowledge is being looked at--- “hard facts vs. rough estimations, strict rules vs. fuzzy 

recommendations, shallow brainstorming vs. validated experience” (Apostolou, Mentzas, & 

Abecker, 2008-2009). Apostolou et. al discuss how knowledge management systems can 

“benefit from ontologies that semantically enrich information and precisely define the meaning 

of various information artefacts [sic]”. Information needs to be managed at the individual, team, 

organizational and inter-organizational level. Individual knowledge “refers to activities such as 

acquisition, organization, maintenance and retrieval of information,” while team level is about 

sharing knowledge between individuals, the organization level deals with legal issues and 

“intangible assets, such as the skills, experience and knowledge of people within the organization 

typically held in people’s minds” (Apostolou, Mentzas, & Abecker, 2008-2009). Meanwhile 
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inter-organizational knowledge is about sharing information with external individuals. This 

aspect of sharing information with people outside of the central organization may manifest itself 

as answering clients’ questions. Therefore, ontology can be applied to the overall structure of 

KM by creating a knowledge object (KO) which “contains content plus a set of metadata” 

(Apostolou, Mentzas, & Abecker, 2008-2009). Apostolou et. al list several facet points to 

describe KOs which can make them accessible to users.  

Ontological models can also be applied to develop systems that highlight only the most 

relevant information for sharing purposes. The Edginton et al’s article, “Adopting ontology to 

facilitate knowledge sharing,” discusses an ontology project that was developed at the Intel 

Corporation. The key point in the article is about developing a knowledge lens that “synthesizes 

convergent, legitimate perspective of the desired knowledge while suppressing the irrelevant” 

(Edgington, Choi, Henson, Raghu, & & Vinze, 2004). During product development, knowledge 

is generated as a byproduct understanding of the who, what, where, when and how of an object 

or idea. The amount of data generated can become overwhelming. In order to make sense of all 

that information, a knowledge lens can be used to strip out the unneeded details and instead 

focus only on the essential. By employing the knowledge lens method, information aggregated 

from multiple sources becomes organized (Edgington, Choi, Henson, Raghu, & & Vinze, 2004) 

which in turn becomes more useful for all agents as they are able to understand what knowledge 

has been generated before and how the discoveries from their work can be integrated in the 

overall body of knowledge.  

Contexts can also refer to whether information is being accessed via stationary (i.e. 

desktop) or mobile computing. In Bobillo and Gomez-Romero’s paper, “Representation of 

context-dependant knowledge in ontologies: A model and an application” an example is given 
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comparing the time available to access and read patient history in a hospital versus on-the-scene 

setting. Ontologies could be developed to recognize which device (stationary vs. mobile) is 

requesting access to a patient’s health file. The distinction between which device is being used is 

important because mobile technologies have the challenges of slower bandwidth, lower computer 

processing speeds, and small displays. When a medical professional on the scene of a car wreck 

wants to know if a person is allergic to blood-clotting medicine, the ontology could recognize the 

mobile device and then generate short, pertinent snippets such as “allergies” instead of trying to 

display a patient’s entire medical history (Bobillo & Gomez-Romero, 2008). Bobillo and 

Gomez-Romero developed this scenario to discuss how ontologies can be used “to tackle the 

problem of information overload” (Bobillo & Gomez-Romero, 2008).  

A theory of digital libraries is explored in the paper “Towards a digital library theory: a 

formal digital library ontology” which uses ontological modeling as a basis to form relationships 

between objects in digital libraries (Gonçalves, Fox, & Watson, 2008). In this 2008 paper, the 

authors use a S5 framework (Streams, Structs, Sps, Scs, St
2
) that “define a [digital library] 

ontology by specifying the fundamental collaborations or relations that exist among [digital 

library] participants and the sets of rules (or axioms) which constrain the semantics of concepts 

and relations in the ontology” (Gonçalves, Fox, & Watson, 2008). From this declaration, the 

authors walk through the creation of an ontology built upon their S5 framework. Included in the 

paper are a taxonomy of library services and the values added through each step as a digital 

object is processed. As well, a practical explanation and examples show how to use their 

ontology to develop digital library services.  

As an organization’s usage of ontologies becomes more complex, a need will arise to 

manage all the different ontologies which are in use. Ontological information can be managed 
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externally as explained in Juhnyoung Lee and Richard Goodwin’s paper, “Ontology management 

for large-scale enterprise systems.” The authors describes how ontology languages such as OWL 

Query Language (OWL-QL) and RDF Query Language (RDQL) is used by their SnoBase 

system which can represent complex ontologies “directly in database tables and [provide] logical 

reasoning by using plain SQL triggers” (Lee & Goodwin, 2006). The SnoBase system can 

manage ontologies on a large, system-wide scale using an organization’s existing technologies 

without extra cost. Examples are given on how an ontology management system can be used as 

an example in “video retrieval systems to annotate media with metadata” (Lee & Goodwin, 

2006).  

Specific Application 

  As mentioned previously ontologies are often domain specific with applications in 

business, cultural institutions and education.  Current discussion in the field of library and 

information science makes connections between ontological models and digital libraries.   

The CIDOC Conceptual Reference Model (CRM) is an ontological model providing 

“definitions and a formal structure for describing the implicit and explicit concepts and 

relationships used in cultural heritage documentation“(CIDOC, 2006).  It has been developed 

over the past ten years by the CIDOC Documentations Standards Working Group and CIDOC 

CRM SIG working groups. The project began by creating a Relational Data Model for museums 

with a focus on information exchange.  However, after meeting in 1996, it was decided to create 

an object-oriented approach that would be able to deal with the “diversity and complexity of data 

structures in the domain” (CIDOC, 2006). The first edition of the CRM was completed in 1999.  

It is official ISO standard 21127:2001 since September 12, 2006.  The CRM is a continually 

evolving work and is in its second version. The intent behind this model is to provide a “common 
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and extensible framework that any cultural heritage information can be mapped to” (CIDOC, 

2006).  The CRM document provides a detailed correlation of the CIDOC Information categories 

and the CIDOC CRM and shows the complexity of the model.  For example the Object 

Association Information element includes relationships of:  for-actual instance of use, as general 

use-activity type, made for-event instance (intended use), and intended for-activity type 

(intended use).  This model allows for interoperability among cultural heritage information 

published by museums, libraries, and archives (CIDOC, 2006).  

The CRM has a specified a scope definition for the CRM model in order to clarify what 

is and what is not covered within the ontology. These constraints are intended to maintain a level 

of focus so that the ontology doesn’t expand indefinitely.  The intended scope and practical 

scope further defines the model.  For example, cultural heritage collections are defined as, “all 

types of materials collected and displayed by museums and related institutions as defined by the 

International Council of Museums (ICOM).”  Included within this definition are: sites and 

monuments relating to natural history, ethnography, archaeology, historic monuments, as well as 

collections of fine and applied arts.  This model covers detailed description of  individual items 

within collections as well as entire collections. However, information that relates to personnel, 

accounting, or visitor statistics of cultural heritage institutions falls outside the intended scope 

(CIDOC, 2006). 

The practical scope includes a list of elements from data structures that included within 

the model.  These data structures include Dublin Core, Art Museum Image Consortium 

(AMICO), Encoded Archival Description (EAD), MPEG7,  Research Libraries Group (RLG), 

Consortium for the Computer Interchange of Museum Information (CIMI) Z39.50 Profile, Core 

Data Index to Historic Buildings and Monuments of the Architectural Heritage, to name a few. 



LIS 688 8 Baker, Goodman, Parker 

The CRM model seeks to serve as a guide for good conceptual modeling and, in fact, has 

served as a model for additional ontologies related to cultural heritage materials.    The article 

“Modeling a domain ontology for cultural heritage resources: A user-centered approach,” 

describes the process of designing and creating a model based on CRM to facilitate access to, 

and use for, a collection of digital primary source materials entitled “Tobacco Bag Stringing” 

(TBS) (Pattuelli, 2011). This collection is focused on tobacco-growing regions in North Carolina 

and Virginia and includes reports, photographs, letters, and other documentation dealing with 

growing tobacco during the Great Depression. Design began with the end users (social science 

teachers) in mind in order to ensure that the domain ontology could better serve its function. A 

scope was identified and the information conceptualized in several concept maps representing 

the categories of people, time, space, and domain concepts related to the topic (production, 

distribution, consumption).  Each of these areas posed a myriad of questions that influence the 

modeling possibilities. The final step involved assessing the quality of the ontology model in 

terms of coverage, structure and language (Pattuelli, 2011).    

Conclusion 

Ontological modeling is a topic that continues to develop as communities create models 

to support their domains. The power of ontologies comes from the development of relationships 

between defined vocabularies to aid in the access and description of resources. Currently there is 

a lack of established methodology on evaluating ontology models and is, therefore, an open 

research issue that will prompt more discussion and impact future practice. (Pattuelli, 2011). 

While ontological models have the potential to improve precision for query results, as yet 

many librarians and information technologists have not made the transition to semantic digital 

libraries.  Lack of resources and knowledge combined with the fact that semantic web tools and 
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standards vary in terms of maturity and performance, are challenges that librarians face.  

However, the use of ontologies within semantic web allows users to explore content“ in ways 

that were either not possible or not easy to do with other library systems” (Powell, 2010).   
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