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ontologies. Motivated by this premise, our research uses an ontology approach to accurately
retrieve use cases.

The challenge facing this ontological approach is to select and suggest relevant use cases
based on a query, which is interactively developed by a user. Figure 6 shows the architecture of
the proposed system that has four modules: Query Parser Module, Concept Identification
Module, Inference Module, and Interface Module. The interface module enables the interaction
between users and the system. The query parser module receives the user’s query from interface
module and parses it to return the part-of-speech for each term. The concept identification
module interacts with ontologies to retrieve relevant concepts that are presented to the user via
the interface module. The user interacts with the system by selecting the concepts of interest to

him/her. The inference module receives the selected concepts and finds relevant use cases.

Figure 6: System Architecture — Study Three
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A research model used in the experimental evaluation of the effectiveness of this
approach is shown in Figure 7. This study investigates how information filtering and interaction
affect cognitive load and self-efficacy, which, in turn, affect user satisfaction. Interaction theory
suggests that interaction between user and information systems supported by filtered information
increases decision quality and confidence in individual decision making while decreasing
cognitive load. When the user provides general and ambiguous terms as an input to the system,
the system may not accurately capture the intended meaning. As a result, it generates irrelevant
results. The system supported by ontologies can help the user refine his/her query by suggesting
relevant concepts from ontologies. Through this interaction with the system, the user may feel
that he/she controls how the system works. In addition the user may experience more satisfaction.

The research model is evaluated by laboratory experimentation. A 2 x 2 factorial design
with information filtering and interaction is used to assess their impact on cognitive load, self-

efficacy and satisfaction.
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Figure 7: Research Model — Study Three
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Hypotheses Summary

Table 1 summarizes the hypotheses used in the empirical evaluations in the three studies.

Table 1: Summary of Hypotheses

Study #

Hypotheses

. Cognitive fit -> (+) coverage of domain ontologies created
. Cognitive fit -> (+) relevancy of domain ontologies created
. Cognitive fit -> (+) quality of domain ontologies

. Cognitive fit -> (-) time to create domain ontologies

. Cognitive fit -> (-) mental difficulty to create domain ontologies

. Information filtering -> (-) cognitive load
. Task complexity + Information filtering -> (+) cognitive load
. Cognitive fit -> (-) cognitive load

. Cognitive load > (-) task performance.

. Information filtering -> (-) cognitive load

. Interaction -> (-) cognitive load

. Information filtering + interaction -> (-) cognitive load
. Cognitive load -> (-) satisfaction

. Interaction -> (+) satisfaction

. Interaction -> (+) self-efficacy
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7. Cognitive load -> (-) satisfaction

8. Self-efficacy -> (+) cognitive load

Research approach

The three studies presented here follow the design science research approach (Hevner et
al. 2004) to build and evaluate the effectiveness of IT artifacts. Design research aims to
understand, explain, and improve behavioral aspects of information systems with the analysis of
the use and performance of designed artifacts. Our studies follow the seven guidelines articulated
by Hevner et al. (2004). The problems that these studies attempt to solve are drawn from the
real-world use of ontologies and are of interest to both IS research and practice. IT artifacts are

created and rigorously evaluated based on relevant theories.

Experimental design

All of the three studies in the dissertation include theoretically grounded empirical
evaluations of the IT artifacts developed. Study 1 involves an experiment with 1 x 2 factorial
design with and without ontological knowledge. Study 2 involves an experiment in which a 2 x 2
factorial design in which information filtering and cognitive fit are used as treatments. Study 3
uses a 2 x 2 factorial design in which information filtering enabled by ontology and interaction
are used as treatments. Pre-tests and pilot tests for these studies have been conducted to evaluate
the research instruments, statistically validate the measures, and check manipulations (Straub

1989).

Analysis method
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ANOVA and Partial Least Squares (PLS) analysis are used as the primary analysis tools
in the three studies. One-way ANOVA is used in Study 1 to test for differences among two
independent groups. It is used to assess the effect of ontological knowledge on domain ontology
creation. PLS that is used in Study 2 and Study 3 is an advanced statistical method that allows
optimal empirical assessment of a structural model together with its measurement model (Wold
1982). PLS analysis is considered appropriate because it places minimal demands on sample size
and distributional assumptions (Chin 1998). PLS analysis is also appropriate for testing

theoretical models in the early stages of development (Fornell 1982).

Conclusion

Although ontology has been studied from different perspectives in multiple academic
disciplines, there has been no comprehensive attempt to study its creation, refinement, use and
evaluation. This dissertation advances ontology research by developing methodologies for
creation and pruning, creating prototypes and evaluating them using theoretically grounded
empirical studies.

Each of the three studies has its own contribution. The first study provides a novel six-
step methodology for ontology creation. The methodology is implemented in a prototype and is
evaluated empirically. This study helps ontology engineers develop quality domain ontologies
with use of the World Wide Web. The second study develops a methodology (implemented in a
system) for ontology pruning and empirically evaluates its effectiveness. The third study
provides an ontological approach to improving the retrieval and reuse of use cases. An
interactive approach using ontology allows users to retrieve use cases accurately, thereby

enhancing the reuse of use cases in large and complex system development projects.
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Some of contributions are common to all the three studies. First, theoretically grounded
studies are conducted for rigorous evaluation of the artifacts created in each study. This study
draws on the following theories from cognitive science: cognitive fit, cognitive load, and
interaction. Second, our research synergistically uses multiple research methods. Each of the
three studies includes the design and development of IT artifacts in a form of prototype. These
artifacts are evaluated using a laboratory experimentation, which provides a controlled
environment to test theoretically grounded hypotheses. Third, these studies are inter-disciplinary
and draw from varied fields such as information systems, computer science, and biology. The IS
perspective helps identify significant problems of interest to both research and practice that may
be addressed using ontologies. Methods drawn from computer science are used to develop
prototypes that address the challenges in using ontologies in the fields of biology and software
development.

The remainder of this dissertation is organized into three chapters that present details of

each of the three studies.
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Chapter 2

Construction of Domain Ontologies:
Sourcing the World Wide Web

Abstract

As the World Wide Web evolves into the Semantic Web, domain ontologies, which represent the
concepts of an application domain and their associated relationships, have become increasingly
important as surrogates for capturing and representing the semantics of real world applications.
Much ontology development, however, remains manual and is both difficult and time-consuming.
This research presents a methodology for semi-automatically generating domain ontologies from
extracted information on the World Wide Web. The methodology is implemented in a prototype
that integrates existing ontology and web organization tools. The prototype is used to develop
ontologies for different application domains, and an empirical analysis is carried out to

demonstrate the feasibility of the research.

Keywords
Ontology, ontology creation methodology, ontology evaluation, World Wide Web

1. Introduction

The World Wide Web is a massively distributed reservoir of information, but the
information does not have well-defined, machine-understandable meaning attached to it,
prohibiting automated manipulation and reasoning about such information (Ram et al., 2007).
The next generation of the World Wide Web, the Semantic Web, is intended to enable more
intelligent use of data and information for effective electronic interoperability and collaboration
(Horrocks, 2008). A successful Semantic Web, however, depends upon the ability to manage,
integrate, and analyze data and is driven by the role of semantics for automated approaches to
exploiting Web resources (Berners-Lee et al., 2001). Ontologies, which are at the heart of the

Semantic Web, define the concepts and relationships that make global interoperability possible,

21



