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ABSTRACT

A METHOD AND TOOL SUPPORT FOR INTEGRATED BUSINESS PROCESS
MODELING AND ONTOLOGY DEVELOPMENT

Coskungay, Ahmet
Ph.D., Department of Information Systems
Supervisor: Prof. Dr. Onur Demirérs

August 2016, 133 pages

From knowledge management point of view, business process models and ontologies are
two essential knowledge artifacts for organizations that consume similar information
sources. In this sense, building and managing the relationships between ontologies and
business process models provide benefits such as enhanced semantic quality of both
artifacts and effort savings. A method and tool support could guide integrated business
process modeling and ontology building, and therefore enhance their semantic quality and
increase the benefits gained from both. In this study, PROMPTUM method for integrated
process modeling and ontology development that integrates well-established practices of
business process modeling and ontology development is presented. This study also
introduces the PROMPTUM toolset, which enables PROMPTUM method to be effective
by supporting to model relations between the ontologies and the labels within the process
model collections. In establishing these relations, the PROMPTUM toolset enables
definition and management of labels and terms within labels of the process models and
the process model elements as resources of domain ontologies. Thus, a related resource is
managed as a single resource representing the same real-world object in both artifacts in
both creation and maintenance once PROMPTUM toolset and method are utilized.

Keywords: Business Process Modeling, Ontology Development, PROMPTUM,
Integrated Development.
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BUTUNLESIK i$ SURECI MODELLEME VE ONTOLOJI GELISTIRME ICIN BIR
YONTEM VE ARAC DESTEGI

Coskungay, Ahmet
Doktora, Bilisim Sistemleri Boliimii
Tez Yoneticisi: Prof. Dr. Onur Demirors

Agustos 2016, 133 sayfa

Bilgi yonetimi bakis acisindan, organizasyonlar i¢in is siireci modelleri ve ontolojiler
benzer bilgi kaynaklarindan beslenen iki temel bilgi artefaktidir. Bu baglamda, ontolojiler
ve is slireci modelleri arasindaki iliskilerin kurulmasi ve yonetilmesi her iki artefaktin
anlamsal kalitelerinin artmasi ve isgiicii tasarrufu gibi faydalar getirir. Bir yontem ve arag
destegi, biitiinlesik is siireci modelleme ve ontoloji gelistirmeye kilavuzluk saglayabilir
ve bu sekilde anlamsal kalitelerini gogaltabilir ve her ikisinden elde edilen faydalar
arttirabilir. Bu ¢alismada, biitiinlesik is siireci modelleme ve ontoloji gelistirme igin is
siireci modelleme ve ontoloji gelistirmenin koklii pratiklerini bir araya getiren
PROMPTUM yontemi sunulmaktadir. Bu g¢alisma ayrica, ontolojiler ve siire¢ modeli
koleksiyonlarindaki etiketler arasindaki iliskilerin modellenmesine olanak saglayarak
PROMPTUM  yontemini etkin kilan PROMPTUM ara¢ setini tanitmaktadir.
PROMPTUM arag seti bu iliskileri kurarken, stire¢ modelleri ve siire¢ model dgelerinin
etiketlerinin ve etiketlerde gecen terimlerin alan ontolojilerinin kaynaklar1 olarak
tanimlanmas1 ve yonetilmesine olanak saglamaktadir. Boylece, PROMPTUM yontem ve
arag seti kullanildiginda, hem yaratilista hem de bakim sirasinda, iligkili bir kaynak her
iki artefakt icinde aynmi gercek diinya nesnesini temsil eden tek bir kaynak olarak
yonetilmektedir.

Anahtar Kelimeler: Is Siireci Modelleme, Ontoloji Gelistirme, PROMPTUM,
Biitiinlesik Gelistirme.
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CHAPTER 1

INTRODUCTION

Business process modeling has a central role in business process management domain.
According to van der Aalst, ter Hofstede, and Weske (2003), business process
management aims to design, enact, control and analyze operational processes, which
involve people, organizations, applications, documents and other information, by
supporting business processes with methods, techniques and software. Minoli (2008)
defines the purpose of business process modeling as to seek standardization in business
process management where the related business processes might include several
applications, data repositories, corporate departments or even companies. Stolfa &
Vondrak (2004) states the main purpose of business process modeling as managing and
stimulating processes.

Ontologies are formal representations of domain knowledge that includes concepts and
relations between them. “Ontology is a formal, explicit specification of a shared
conceptualization” (Gruber, 1993). Practical uses of ontologies include (Uschold &
Gruninger, 1996):

= Improving communication between entities (people and organizations),

= Enabling interoperability between systems,

= Providing system engineering benefits in terms of improving reusability,
reliability and specification.

Similarly, Noy and McGuinness (2001) suggest that purposes to develop ontologies
include:

= Enabling people and software reach a shared understanding of the structure of
information,

= Reuse of domain knowledge,

= Making domain assumptions explicit,

= Differentiating domain and operational knowledge,

= Analyzing domain knowledge.

Ontologies development is an essential part of Knowledge Management domain in terms
of creating domain knowledge. Business process models, on the other hand, can be



regarded as important for organizations to create formal knowledge (Kalpic & Bernus,
2006) from knowledge management perspective. So, both activities are utilized as a part
of knowledge creation. They also share similar development processes that consume
similar resources. In this sense, building and managing the relationships between
ontologies and business process models in development would provide several benefits.
A method and tool support could guide integrated business process modeling and ontology
building, and therefore enhance their semantic quality and increase the benefits gained
from both. In this study, PROMPTUM method and toolset for supporting integrated
business process modeling and ontology development is presented.

The rest of the first chapter introduces the background of the problem, purpose and
significance of the study, research strategy, and structure of the study.

1.1 Background of the Problem

Research regarding the relations between business process modeling and ontology
development has gained pace in recent years. Some (I. G. Davis, Rosemann, & Green,
2004; Jr, Almeida, & Guizzardi, 2010) investigate the process modeling notations based
on foundational ontologies, whereas others (Haller, Marmolowski, Oren, & Gaaloul,
2008; Hofferer, 2007; Sénmez, Canli, Gokge, Unver, & Giiglii, 2010) focus on the
importance and practical uses of process related ontologies. Mapping or transformation
approaches between business process models and ontologies has also been widely studied
(Belecheanu et al., 2007; Cimpian, Komazec, Lintner, Blamauer, & Evenson, 2008;
Eisenbarth, 2013; Fan, Hua, Storey, & Zhao, 2016; Francescomarino, Ghidini, Rospocher,
Serafini, & Tonella, 2009; Koschmider & Oberweis, 2005; Leopold et al., 2015; Thomas
& Fellmann, 2009). However, software tools to support integrated ontology development
and business process modeling is not reported in any of the surveyed academic and
industrial sources. Although there are some studies (Cherfi, Ayad, & Comyn-Wattiau,
2013; Fan et al., 2016) that base their approaches of process modeling on discovering
process model elements by matching them with entities in domain ontologies, there are
no methods reported in related research to guide integrated process modeling and ontology
development.

In practice, organizations performing both process modeling and ontology building
activities, allocate duplicated efforts for each development activity conducted using same
or similar knowledge sources. Moreover, neither activity benefits from the knowledge
created in the other, thus the resulting products have the potential to be inconsistent with
each other. Furthermore, the use of ontologies in process modeling would ease preventing
and detecting redundancies and inconsistencies between labels of process model elements
(W. M. P. van der Aalst, 2013) and business process models would serve as a source of
process knowledge that would increase the completeness of domain ontologies when used
in ontology development.



In terms of making use of process models in ontology development, related research is
rather poor and stagnant. However, process models are prominent sources of knowledge
that can be used in ontology development. In knowledge acquisition, which is eliciting
knowledge about the domain from sources such as experts, books, handbooks, and figures
(Fernandez-Lopez, Gomez-Pérez, & Juristo, 1997), and in identifying the key concepts
and their properties and relationships in a domain as part of conceptualization (Garcia et
al., 2010), process models are viable knowledge source candidates to be used in ontology
development.

In recent research, behavioral semantics of business process models has received much
more attention than the textual content of process models (Mendling, Leopold, & Pittke,
2014). However, the textual content representing the process elements such as activities,
inputs, outputs, and actors are as important for the semantic quality of process models as
the behavioral semantics that represent the process flow. Thus, it would be beneficial to
use domain ontologies for the sake of semantic quality of process models in representing
the correct information regarding the domain they reside in. This would also enable
semantic enrichment of business process models which offers the promise of integration
and collaboration of business processes across enterprises (Hoang, Jung, & Tran, 2013).

Challenges of semantic process modeling, as identified by Mendling et al. (2014), include
challenges that could potentially be resolved with the use of ontologies. Our study mostly
focuses on the label challenges of semantic business process modeling that relate to
interpretation, analysis, and improvement of the grammar and terms within the process
model element labels and the process model labels. Some of the label challenges are
related to issues about identification of semantic components of labels (C1 in Mendling et
al. (2014)), recognizing the meaning of terms from labels (C3), identifying homonymous
or synonymous terms (C4), and assessing the similarity of labels (C6). Our study presents
opportunities for resolving these issues as integrated process modeling and ontology
development with tool support provides means to define and manage labels and terms in
labels of the process models and the process model elements as resources within a formal
domain ontology. Another challenge our study relates is about “discovering a formal
ontology from a collection of process models” (C24). This is a challenge our study
addresses by suggesting business process models and domain ontologies be developed as
integrated.

1.2 Purpose of the Study

This study intends to bridge the gap between ontology development and business process
modeling by presenting a method and tool support for integrated development. As shown
in Figure 1, the method will guide the analysts in integrated development of process model
collections and ontologies and the tool support will enable the development of related and
consistent ontologies and process models.
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Figure 1 Relationships between the analyst, method and tool support

The method for integrated business process modeling and ontology building will guide
practitioners in creating business process models and ontologies that are compatible in
creation and maintenance. It will bring together standards and best practices in academia
and industry in defining a set of processes to guide integrated development. The method
will support developing and maintaining ontologies and process models together.

The method will be composed of a set of processes that include activities, tasks, and
guidelines. In initial phases of this study, we assessed that several practices regarding the
scope, stakeholders, information elicitation, verification, and verification of ontology
building and process modeling share similarities in terms of their applications and
methods utilized in their target discipline. Thus, the method will bring together the
practices that are specific to the process modeling or ontology building disciplines and
consolidate these practices as to be applied for both process modeling and ontology
building where possible.

The tool support will enable relations to be established between ontologies and process
model collections in integrated development. We envisioned the tool support to have
several components. The tool support will incorporate industry standard basic features for
process modeling and ontology development. So that, analysts, who do not intend to
perform integrated development, would be able to perform process modeling or ontology
building using the tool support.

The major features of the tool support will enable to model relations between the
ontologies and the labels within the process model collections. In establishing these
relations, the tool support will enable definition and management of labels and terms



within the labels of the process models and the process model elements as resources of a
formal domain ontology. Thus, in both development and maintenance, a related resource
will be managed as a single resource representing the same real-world object in both
ontology and process model collection.

1.3 Significance of the Study

In this study, we present the PROMPTUM method and toolset for integrated business
process modeling and ontology development.

PROMPTUM method is developed to guide practitioners in integrated development of
process model collections and ontologies. There is another study, POBA (Fan et al., 2016),
that provides a 3-phased method for process modeling by discovering the process model
elements from a domain ontology. However, PROMPTUM method differentiates itself by
suggesting both artifacts can be developed with an integrated approach. And in doing so,
PROMPTUM method reuses and adopts several best practices in academic and industrial
sources.

In terms of matching the ontology resources with labels within process model collections,
Cherfi et al. (2013) claims the matching rules exist between the whole labels in process
model collections and ontology resources. This is a similar matching approach to the one
discussed in POBA (Fan et al., 2016). However, PROMPTUM method, with the support
of PROMPTUM toolset, describes the matching not only between labels in process model
collections and ontology resources but also between terms and phrases within labels in
process model collections and ontology resources.

The PROMPTUM toolset is composed of a process modeling tool, an ontology
editor/server, and a plugin for managing the relations between process models and
ontologies. The PROMPTUM toolset provides support for integrated and/or sequential
development and maintenance of business process models and ontologies. It does this by
enabling the relations between ontology resources, and process model labels and process
model element labels and the terms within the labels be established and managed. It is the
first tool reported in literature to semantically manage the ontology resources, and the
labels and terms within labels in business process models as integrated.

The PROMPTUM method and toolset provides features to address the label challenges in
business process modeling (Mendling et al., 2014) such as identifying the semantic
components of labels, meaning of terms within labels, homonymous and synonymous
terms, and similarity of labels. Previous studies (Cherfi et al., 2013; Fan et al., 2016) have
suggested that establishing relationships between ontologies and labels in process model
collections even without tool support would increase the semantic quality of the process
models. We anticipate that using the business process knowledge that reside in process
model collections would also improve the quality of ontologies. The benefits to both



ontologies and process models upon managing and developing these two artifacts with an
integrated approach by tool support is investigated in this study.

1.4 Research Strategy
The research questions that will be provided answers for in this study are as follows:

= |s integrated business process modeling and ontology development a feasible
practice in terms of the cohesion between ontologies and business process models
in same or similar domains?

=  What are the requirements of tool support for integrated business process modeling
and ontology development?

= Does consistency between business process models and ontologies improve with
integrated development?

= Does integrated business process modeling and ontology development improve
the semantic quality of the process models or ontologies when compared with
separate traditional development?

= How would the development effort be affected with integrated business process
modeling and ontology development?

= What are the perceived benefits of integrated business process modeling and
ontology development compared with separate traditional development?

First step of this study was to formulate the problem, propose a solution, and plan the
research agenda. In this step, an extensive review of related research studies and industry
practices regarding relations between business process models and ontologies was
performed to identify the gap to be filled with this study.

Then, an exploratory study including two case studies for investigating the first two
research questions provided above was planned, designed, and performed. It was
performed by using traditional methods and tools for developing process model
collections and ontologies that belong to similar or same domains. The exploratory study
not only validated the problem identified and revealed the necessity of the proposed
solution but also identified the tool support requirements for integrated business process
modeling and ontology development.

Next, the PROMPTUM method that will guide practitioners in performing integrated
business process modeling and ontology development was developed. In developing the
method, we utilized the academic literature, industrial best practices and experiences. The
PROMPTUM method specified the processes, activities within processes, tasks within
activities, definitions, guiding notes, guidelines, form templates, and references to the state
of the art practices.

The tool support for integrated business process modeling and ontology development (i.e.
PROMPTUM toolset) integrating an ontology editor and process modeling tool, and



conforming to the requirements identified in exploratory study was developed in the next
step of the research. Two of the three components of the PROMPTUM toolset (i.e.
PROMPTUM Ontology Server and PROMPTUM Process Modeling Plugin) were
developed for this study, while an existing process modeling tool (i.e. UPROM tool) was
integrated into the PROMPTUM toolset as a third component.

Finally, the explanatory study finding answers to the last four research questions specified
above was carefully planned, designed, performed and analyzed. The explanatory study
was conducted with the overall goal of identifying the benefits and pitfalls of integrated
business process modeling and ontology development with the support of PROMPTUM
method and toolset. It included two case studies that focus on integrated and separate
development process model collections and/or ontologies for a real domain.

1.5 Structure of the Study

The rest of this study includes six more chapters.

Next (i.e. second) chapter provides a discussion about the state of the art on business
process modeling and ontology development. It also includes a summary of related

research on relations between process models and ontologies.

Third chapter describes tha exploratory study performed to identify the necessity and tool
support requirements of integrated business process modeling and ontology development.

Fourth and fifth chapters specify the PROMPTUM method and toolset, respectively,
developed for supporting integrated business process modeling and ontology
development.

Sixth chapter describes the explanatory study conducted to evaluate the necessity and
benefits of PROMPTUM method and toolset in real-world cases.

Last (i.e. seventh) chapter provides an overall discussion of the contributions, limitations
and future work regarding this thesis.






CHAPTER 2

STATE OF THE ART

This chapter consists of four sections. First section describes business process modeling
languages and tools in industry and academia. Second section provides a summary of
ontology development methodologies, ontology definition languages, and ontology tools.
Related research on relations between business process modeling and ontology
development is discussed in third section. Final section provides a brief discussion of the
most related studies and comparison in terms of the suggested methods, tool support, and
benefits.

2.1 Business Process Modeling

Mainstream business process modeling languages and tools in the industry and academia
are depicted in this section.

2.1.1 Business Process Modeling Languages

Some of the business process modeling languages that are most referred in research are
Event-driven Process Chain (EPC), Business Process Modeling Notation (BPMN), Role
Activity Diagram (RAD) and Petri Nets. All of these notations represent functional and
behavioral perspectives, all except Petri Nets represent organizational perspective, BPMN
and EPC represent informational perspective while none of them represents business
process context perspective (List & Korherr, 2006). Some other notations used in business
process modeling include ETVX, BPEL (Business Process Execution Language), UML
Activity Diagram, ANSI flowcharts, and IDEF3.

Event-driven process chain (EPC) is a business process modeling notation that became
popular in 1990s and used to define logical and temporal dependencies between activities
that are performed in business processes (Mendling, 2008; Scheer & Schneider, 2006).
Extended EPC (eEPC) notation is based on activity flow combining static resources of
business, such as organizations, systems, rules, input and outputs (R. Davis & Brabander,
2007). eEPC is regarded as a business process modeling notation that does not require
much modeling expertise by describing the business processes with business logic instead
of formal process specification logic (W. M. P. van der Aalst, 1999).



2.1.2 Business Process Modeling Tools

There are many tools for process modeling aiming to support various aspects in process
modeling. Some of the well-known tools used in business process modeling are
SoftwareAG’s ARIS Platform, EPF (Eclipse Process Framework) Composer, MS Visio,
QPR ProcessDesigner, iGrafx FlowCharter, Rational System Architect, Lombardi’s
Blueprint and Sparx Enterprise Architect (Norton, Blechar, & Jones, 2010). Others
include Visual Paradigm, Signavio Process Editor, Bizagi, and Savvion.

UPROM (Aysolmaz & Demirérs, 2015) is another process modeling tool that also enables
generating system requirements and size estimations from process models with a unified
approach. UPROM is developed upon bflow* Toolbox (Laue, Storch, & HoB, 2015)
which is an open source modeling tool. UPROM is extendable by further development or
plug-ins.

2.2 Ontology Development

Ontology development can be explored in three perspectives, namely development
methodologies, definition languages, and tools.

2.2.1 Ontology Development Methodologies

Some of the most well-known ontology development methodologies are TOVE,
METHONTOLOGY, On-To-Knowledge, DILIGENT, UPON, Melting Point and NeOn.

Toronto Virtual Enterprise (TOVE) methodology (Uschold & Gruninger, 1996) specifies
a methodology for building ontologies, but lacks in suggesting an ontology development
life cycle. Methodology includes the following parts; identify purpose and scope, building
the ontology (ontology capture, ontology coding, and integrating existing ontologies),
evaluation, documentation and guidelines for each phase.

METHONTOLOGY provides an ontology development life cycle that is inspired by
classic waterfall like software life cycle (Fernandez-Lopez et al., 1997). It consists of the
life cycle phases as specification, conceptualization, formalization, integration,
implementation and maintenance.

On-To-Knowledge (Staab, Studer, Schnurr, & Sure, 2001) specializes in application
driven ontology development. It defines 5 steps for ontology development as feasibility
study, ontology kick-off, refinement, evaluation and maintenance. The methodology
follows an evolutionary prototyping like life cycle.

DILIGENT (Pinto, Staab, & Tempich, 2004; Tempich, Pinto, Sure, & Staab, 2005)

presents a methodology for building a single ontology in a collaborative environment.
Collaboration in DILIGENT is established by using an argumentation framework that is
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based on Rhetorical structure theory. DILIGENT does not provide a comprehensive
ontology development process.

UPON (De Nicola, Missikoff, & Navigli, 2005) is inspired from Unified Process. It
includes several cycles, four phases in each cycle, iterations that divide phases and five
workflows (requirements, analysis, design, implementation, and test) in each iteration.

Melting Point (Garcia et al., 2010) is designed by learning from existing methodologies
and to facilitate ontology development in decentralized communities. Methodology
describes five main activities; specification, conceptualization, formalization,
implementation and evaluation. Between these activities, there exist control and quality
assurance activities performed by domain experts. Life cycle is reported as incremental
evolutionary spiral.

NeOn Methodology (Suarez-Figueroa, 2010) is a scenario based ontology development
methodology. It provides nine ontology development scenarios and guidelines for them.
Main focus of the scenarios in NeOn is reusing, reengineering and merging ontologies.

2.2.2 Ontology Definition Languages

There are two categories of ontology languages. These categories are traditional ontology
languages and web-based ontology languages (Kalibatiene & Vasilecas, 2011).
Traditional languages are based on first-order predicate logic, frame-based languages,
description logic based languages and other languages. Web-based languages are based
on a Web standard. Many languages are both traditional and web-based. Some of the most
popular ontology definition languages are OWL, RDF, RDF(S), DAML+OIL and KIF.
Many of these languages are very mature and they are useful in integrating and reusing
different systems and ontologies that are built upon these languages.

2.2.3 Ontology Tools

Ontology tools can be classified in three categories as ontology editors, triple stores and
ontology visualization tools.

Ontology definition languages, with their roots from description logic, provide several
advantages in representing knowledge. However, defining knowledge by using these
languages requires specialized tools. Ontology editors are the tools that ontology
engineers define knowledge with these languages. Some of the well-established ontology
editors (Buraga, Cojocaru, & Nichifor, 2006) include Protégé, Web-Protégé, OntoStudio,
SWOOP, NeOn Toolkit and TopBraid Composer.
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All of these tools except TopBraid are developed by universities or university researchers.
TopBraid! is acommercial tool that has powerful reasoning capabilities and a wide variety
of supported languages. Protégé? is an open source tool for editing ontologies. It is one of
the most popular ontology editors with its significant properties such as being open source
and free and capable of being extended with plug-ins. Web-Protégé® is web application
that inherits most of the functionality provided by Protégé and is intended for supporting
collaboration. SWOOP*, NeOn Toolkit®> and OntoStudio® are other powerful ontology
editors.

Triple stores are the storage tools for ontologies. They can be referred as databases for
ontology. Different from traditional databases which store records in different structures,
triple store tools focus on storing triples which are simple in structure and basic data for
ontologies. Triples are composed of three parts. These are “subject predicate object” such
as in the example “John Knows Mary”. Examples for triple store tools’ are BigData,
BigOwlim, Apache TDB and Virtuoso.

There are many ontology visualization tools existing as plug-ins to ontology editors or as
web-based tools. These tools specialize in one or many ontology visualization techniques.
Techniques for ontology visualization can be grouped in six categories (Katifori, Halatsis,
Lepouras, Vassilakis, & Giannopoulou, 2007) as Indented list, Node-link and tree,
Zoomable, Space-filling, Focus + context or distortion, and 3D Information landscapes.

2.3 Related Research on Relations between Business Process Modeling and
Ontology Development

Researchers have focused on various topics regarding the relations between business
process models and ontologies. Several (Haller et al., 2008; Hofferer, 2007; Sonmez et
al., 2010) have highlighted the importance and practical uses of process related ontologies.

Hofferer (2007) suggests in his work that process models when supported by ontologies
can lead interoperability. He provides some basic guidelines for creating ontologies based
on process models.

Another related research is performed by Haller et al. (2008) for creating process
ontologies in XML Process Definition Language (XPDL) in order to enable
interoperability between organizations performing processes that have interfaces with
each other.

! http://www.topguadrant.com/products/TB_Composer.html

2 http://protege.stanford.edu

3 http://webprotege.stanford.edu/

4 https://code.google.com/p/swoop/

5 http://neon-toolkit.org/wiki/Main_Page.html

& http://www.semafora-systems.com/en/products/ontostudio/

7 http://wifo5-03.informatik.uni-mannheim.de/bizer/berlinsparglbenchmark/results/\V7/index.html
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Sonmez et al. (2010) utilize a restricted and controlled model elements set of EPC notation
and provides an ontology that supports this notation. This study suggests a government
services ontology and service execution by using this ontology and process models.
Manual and automated transformations from process models to ontologies is one of the
most popular topics in research bringing business process modeling and ontologies
together. Such transformations are described for following process modeling languages:

= Petri Net by Koschmider and Oberweis (Koschmider & Oberweis, 2005),

= BPMN by Belecheanu et al. (2007), Eisenbarth (2013), and Francescomarino et al.
(2009),

= EPC by Belecheanu et al. (2007), Eisenbarth (2013), and Thomas and Fellman
(2009),

= BPEL by Belecheanu et al. (2007),

= Other languages by Cimpian et al. (2008).

Koschmider and Oberweis (2005) puts forth an ontology for Petri Net notation and a
primitive tool support that enables business process modeling and extracting OWL code.

SUPER (Belecheanu et al., 2007) is a project financed by EU and aiming at providing
techniques and tools for deploying Semantic Business Process Management. Semantic
Business Process Management integrates semantic web service frameworks, an ontology
infrastructure and business process management tools and techniques together. SUPER
project defines a set of project work products to reach these goals. With these purposes
SUPER produced some process modeling notation ontologies (e.g. SEPC, sBPMN,
SBPEL) and tool support for annotating process models with individuals of built-in
ontology classes (Dimitrov, Simov, Stein, & Konstantinov, 2007).

SemBiz (Cimpian et al., 2008) is a project that performed contemporaneously to SUPER
project. Business Process Modeling Ontology (BPMO) is a product of SemBiz project.
BPMO is based on syntax and structure of Web Services Modeling Ontology (WSMO),
so that resulting process descriptions can be mapped into web services. BPMO provides a
modeling ontology based on a fixed business process modeling notation whereas SUPER
suggests modeling ontologies for several notations such as EPC and BPMN. However,
both SUPER and SemBiz BPMO require ontology extensions for supporting additional
process modeling notations.

The study of Thomas and Fellmann (2009) describes how to map process models modeled
with EPC (Thomas & Fellmann, 2007)) or BPMN to ontology. They utilize a modeling
tool, an ontology editor (i.e. Protégé) and an ontology server (i.e. Jena) alongside two
applications developed within the study (i.e. a script that transforms process models to
ontology definition and an application that enables querying and validating ontology) in
implementation of their query workflow.
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Eisenbarth (2013) presents an ontology for process models to which process models are
automatically transformed. Such transformation is enabled for processes defined with
EPC, BPMN or Eclipse Java Workflow Tooling (JWT). Transformation performs a
mapping between process models and the meta-model and then places this mapping data
into a process ontology. Eisenbarth (2013) also proposes a resource knowledge base
within an ontology, so that enterprise resources can be defined, resource requirements of
a process can be identified and optimized.

A group of researchers, who have been actively studying semantic business process
modeling are Francescomarino and her colleagues. Their early studies (Francescomarino,
Ghidini, Rospocher, Serafini, & Tonella, 2008; Francescomarino et al., 2009;
Francescomarino, 2011) provide a BPMN based ontology called BPMNO that defines the
structural parts of process models. This ontology is populated automatically from process
models via tool support. Annotations to this process ontology can be established from a
domain ontology through axioms, so that process knowledge is annotated with semantics
and querying is possible on the structured process knowledge for correct labeling,
verification of semantic labeling and query answering. Later in 2011, features enabling
collaborative specification of semantically annotated business process models are
introduced (Francescomarino, Ghidini, Rospocher, Serafini, & Tonella, 2011). In an
experimental study (Francescomarino, Rospocher, Ghidini, & Valerio, 2014), using
semantic annotations in collaborative process modeling is claimed to improve the quality
of modeling process and the modelled processes, but not to affect time spent on modeling.

One of the studies (Cherfi et al., 2013) that is more relevant with our study in terms of
their approach to the problem of managing the relations between the ontology resources
and labels in process model collections aims to align domain ontologies and business
process models in order to improve semantic quality of business process models. They
propose four matching rules between process models and domain ontologies, which are
Equivalence, Synonymy, More General and More Specific. Equivalence rule considers
concepts that are syntactically equivalent in ontologies and process models whereas
Synonymy rule considers concepts that are synonyms. More General and More Specific
rules are applied to concepts that have superiority and inferiority relationships
respectively.

In another highly related research in terms of the researchers’ approach, Process Ontology
Based Approach (POBA) introduces three phases for modeling business processes
modeling by using domain ontologies (Fan et al., 2016). In phase 1 (i.e. Development of
domain process ontology), an existing or new domain ontology is chosen and transformed
to a domain process ontology by following a manual transformation procedure. In the
resulting domain process ontology, terms are classified as role, activity, and non-role
terms, and relationships are established between the terms based on the term classification.
In phase 2 (i.e. Model generation), business processes are modeled by using the domain
process ontology and following a top-down approach. In phase 3 (i.e. Model validation),
business process models are validated by following validation procedures that utilizes the
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relationships between terms defined within the domain process ontology. So,
completeness of the domain process ontology in terms of the role, activity, and non-role
terms and the relationships between them is required in POBA. POBA claims to improve
semantic ambiguity of business process models by preventing and detecting ambiguity
issues such as inappropriate role or activity selection, activity sequencing, or information
delivery. Results of a laboratory experiment claim that POBA reduces semantic ambiguity
in business process models by improving the quality of the logic and content as compared
to traditional business process modeling. Qualitative and quantitative analysis results of a
survey confirm this claim and suggest that POBA ease modeling, reduce complexity of
conceptualization of modeling constructs, and helps analysts to focus on process logic.

Some other contemporary studies that have focused on establishing label based relations
between process models and ontologies are as follows.

Peters and Weidlich (2011) presents an approach for generating a glossary from the labels
of an existing business process model collection and using the generated glossary in
process modeling.

Cesare, Juric, and Lycett (2014) present a method and tool support to populate a business
ontology automatically from documents to guide process analysts in constructing business
process models. Visualization of the data to further assist business process modeling is
reported to be currently under study.

Leopold et al. (2015) presents an approach for automatic annotation of process model
elements and their labels with the concepts in a taxonomy. A prototype enables to generate
automatic annotations to the models.

2.4 A Brief Discussion of the State of the Art

The most related and inspiring research in terms of managing the relations between
ontologies and business process models by associating the labels in process model
collections with ontology resources are Cherfi et al. (2013) and Fan et al. (2016).

Cherfi et al. (2013) does not suggest a development method and Fan et al. (2016) provides
a method for developing process models by using existing domain ontologies. Our study
differentiates itself by providing an explicitly defined method for developing ontologies
and process model collections together that would be consistent with each other. These
two studies also only focus on matching process model element labels with ontology
resources. In terms of matching, the method in this study supported by a toolset will enable
matching ontology resources with the labels of process model elements and process
models and also the terms and phrases within the labels.

Another difference is that our study provides a tool support specifically developed for
supporting integrated business process modeling and ontology development. The tool
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support in this study is pioneer in the tool market and academia in providing the features
to manage the labels and terms within the labels in process model collections as consistent
with ontology resources. Also in the scope of our review of the state of the art, this is the
first report of a tool support in managing the descriptions of real-world objects represented
in both the process model collections and the ontologies synchronously.

Cherfi et al. (2013) suggests that improvement of semantic quality of process models
could be possible with the use of domain ontologies. Fan et al. (2016), on the other hand,
suggests that by following their three phased approach in process modeling by using
ontologies the semantic ambiguity and complexity of process models could be reduced.
Via case studies and interviews, our study differentiates itself by identifying the benefits
of integrated development such as the improvements in the consistency between process
models and ontologies, semantic quality of both types of artifacts (i.e. process models and
ontologies), the development effort, and other additional aspects suggested by experts
from the industry.
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CHAPTER 3

EXPLORATORY STUDY

In terms of its contribution to the state of the art, this study depends on the assumption
that there are shared resources between ontologies and labels within process model
collections whose relations need to be managed. In order to investigate this assumption,
the exploratory study including case studies for finding answers to the first two research
questions specified in Chapter 1 is described. Exploratory study was performed for
validating the problem this study focuses on to resolve and so revealing the necessity of
the proposed solution, and for identifying the tool support requirements for integrated
business process modeling and ontology development. Two case studies were utilized for
assessing the cohesion between process model collections and ontologies developed for
the same domain. The other purpose of these case studies was to elicit the needs for the
tool support by experiencing and learning from integrated process modeling and ontology
building.

Excerpts from these case studies are also provided as motivating examples in Chapter 5
for describing the features of PROMPTUM Process Modeling Plugin.

3.1 Exploratory Study Planning
3.1.1 Research Questions in Exploratory Study

Research question 1: Is integrated business process modeling and ontology development
a feasible practice in terms of the cohesion between ontologies and business process
models in same or similar domains?

Proposition 1: Integrated business process modeling and ontology development is a
feasible practice where there exists a high level of cohesion between labels within process
model collections and ontologies in similar or same domains. This proposition would be
validated by assessing the cohesion between the ontologies and business process models
developed as integrated by using state of the art tools and methods.

Validation method for proposition 1: Assessment of cohesion based on the labels within

process model collections represented as ontology resources is to be made on the resulting
process models and ontologies in exploratory study.
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Research question 2: What are the requirements of tool support for integrated business
process modeling and ontology development?

Proposition 2: Experimenting integrated business process modeling and ontology building
for the same or similar domains using existing tools would reveal the requirements of a
tool to support development activities.

Validation method for proposition 2: Operational scenarios of integrated development are
to be identified based on observed actions and logs kept for development activities.

3.1.2 Activity Planning in Exploratory Study

The following activities were planned to be performed within the case studies.

Case selection: Case selection criteria will be applied for selecting cases that are
effective in reaching the research goal and satisfy case study validity concerns.
Also, development goals and competency questions would narrow down the scope
of the selected cases for serving the study’s goals. Three case study selection
criteria were established. First criterion is that the selected case should represent
real-life context. Thus, the case study would be focusing on resolving a real-world
problem in a real setting. Second criterion is that knowledge sources for processes
and domain should be available. This is critical since both business process
modeling and ontology building are formalization activities that require elicitation
of less formal knowledge from where it resides. Last criterion is that the selected
case should incorporate complexity leading to observing a wide range and number
of development patterns to be analyzed for identifying the needs of tool support
and cohesion between the two artifacts.

Establishing case study environment: Case study will include business process
modeling and ontology building, so tools that support these activities should be
selected and ready along with some other components of the case study
environment.

Identifying information sources: Process and domain related knowledge reside in
a variety of sources, which will be identified and allocated prior to development.
Developing process models and ontologies: Integrated process modeling and
ontology development will be performed based on intuitive approaches due to lack
of guidelines for such integrated development and by using existing tools.
Analyzing the conduct of the case studies: Evaluations will be made based on
observed actions and logs kept for development activities. They will be analyzed
and evaluated for identifying the operational scenarios of integrated development
and the cohesion between resulting process model collections and ontologies.
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3.1.3 Mitigation of Threats to Validity in Exploratory Study

In research that is based on case studies, it is crucial to foresee the potential threats to
validity and take cautions to prevent these threats to occur. With this motivation, we
planned the mitigations of threats to validity for the case studies in both exploratory study
and explanatory study. Potential threats to the validity of exploratory study, which are
categorized as internal validity, construct validity, external validity, and reliability, are
discussed below by using a checklist from Wohlin et al. (2012).

Internal validity considers whether an outcome is a result of factors all of which we have
control on (Wohlin et al., 2012). One of the potential threats to internal validity relates to
the effect that subjects tend to react differently throughout the study due to getting tired
or learning. To avoid the effect due to boredom, a rather small size case was selected for
case study 2 and only ontology development was planned to be performed by using
existing process models in case study 1 that covers a larger scope. The negative effects
such as boredom troubles the research. And also the positive effects that grow over time
hinders internal validity. Such an effect based on learning over time was planned to be
avoided by selecting the participants that have the required skills and experience that
would be sufficient to prevent the participants’ performance to be affected significantly
due to learning. Another threat to internal validity to exploratory study was regarding
instrumentation. The case study environment (e.g. software tools, computers, room,
required documents) and the scope of the case studies were carefully planned and
established before case study execution in order to avoid the study to be affected
negatively by bad instrument design.

Construct validity of a study is concerned with how well the treatment and outcome
reflects the construct of the cause and effect respectively (Wohlin et al., 2012). In
exploratory study in order to avoid any negative effects based on insufficient definition of
the constructs, we identified the goals, the research questions, the cases, propositions, and
the validation methods to analyze the data collected for reaching answers to research
questions. In order to avoid mono-operation bias, we performed two case studies none of
which is too small in representing the construct. For preventing confounding constructs in
case study based research, familiarity of the selected case to the participants is as important
as the participant skills required to perform the case study. To mitigate such a threat, in
case study 1, since the domain experts were not available for participation, an analyst,
who has the skills and experience in ontology development and also has knowledge about
the domain based on his process modeling experience in the domain, was selected to
participate. In case study 2, a domain expert that works in the domain and an analyst that
has process modeling and ontology building skills participated.

External validity is concerned with generalizing the results of a research to real-world
(Wohlin et al., 2012). A threat to external validity lies in the interaction of setting and
treatment. For preventing this threat to occur, we reviewed the related research on the
ontology and process modeling and identified the capabilities and background of the tools
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and languages in selecting the ones to be used in exploratory study. The experimental
environment of the case studies such as the tools and methods are reported. Another threat
related to the setting would be about the case selected. For selecting the cases, we
identified three case selection criteria. The case selection criteria (i.e. real-life context,
resource availability, and problem complexity) made sure the selected cases are not toy
problems by ensuring the selected cases reside in real contexts, make necessary
information resources available, and include a problem scope that is complex enough to
be worth investigating.

Reliability in qualitative research, which is a counterpart to conclusion validity in
quantitative research, deals with whether the data or the analysis depend on the researcher
in charge (Wohlin et al., 2012). In exploratory study that incorporated two case studies,
the reliability was planned to be ensured by including external experts to the data analysis.
For both case studies, two experts that did not participated in the execution reviewed the
conduct, analysis, and results of the case studies (i.e. the functional requirements specified
and the analysis results regarding consistency between ontologies and process models).
Moreover, regarding the conduct of the exploratory study, the domain expert participated
in case study 2 validated the resulting products and the process models used
retrospectively in case study 1 were subject to acceptance review by several domain
experts that were also the owners of the processes. Additionally, the exploratory study
including two case studies was part of an industry research and development project
funded by an external research organization that assured the conduct and results are
reported to and reviewed by an external referee with a proven competency in the research
area.

3.2 Exploratory Study Design and Execution
3.2.1 Case Selection in Exploratory Study

As shown in Table 1, the cases were selected based on real-life context, resource
availability, and problem complexity by using a Likert scale of three (1 = Poor, 2 = Fair,
3 = Good). Evaluation revealed that the first case lacked information resource availability
while second one was short in satisfying the complexity criterion. Therefore, the selection
criteria were relaxed and both case studies were performed.

First case (i.e. Case 1) includes a “public investment planning” ontology developed by
using an already existing process model collection for “public investment planning”
processes. Information resource availability was deficient in this case, as domain experts,
who participated in modeling the processes, did not contributed to ontology building. So,
the ontology was mainly built based on the documented resources.
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Table 1 Case selection in exploratory study

Case characteristics Casel Case 2
Focus domain Public investment planning Short term assignment of
academic staff members

Focus organization Turkish Ministry of Middle East Technical
Development University

Real-life context Good Good

Resource availability Fair Good

Problem complexity Good Fair

Public investment planning service, which is performed by Ministry of Development with
significant participations of Ministry of Finance and Under-secretariat of Treasury,
includes following top-level processes:

= Determining proposal ceilings for organizations
» Finalizing allocations

= Publishing investment program

= Gathering project details

* Revising investment program

The goal for developing the public investment planning ontology is to make knowledge
about public investment planning explicit. The goal description and competency questions
were established for this respective goal.

Second case (i.e. Case 2) consists of a process model collection for “short term assignment
of academic staff members” and an “academic assignments” ontology developed
simultaneously. The problem space to be addressed in this case was rather unsophisticated
as it covered simple work-flows, few roles, and a single organization. Following processes
are included in second case:

= Assigning without allowance and expense and with duration of less than one week

= Assigning without allowance and expense and with duration of between seven and
fifteen days

= Assigning with allowance and expense or with duration of more than fifteen days

The goal definition of academic assignments ontology, for which a set of competency

questions were defined, is to identify the information used in academic assignments of
academic staff and making this information reusable.
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3.2.2 Case Study Environment in Exploratory Study

Both studies were to use the same software and hardware configuration. Except using two
display units, no special requirements were identified for hardware configuration. Process
modeling tool and ontology editor were critical components of the work environment for
case studies. Rest of the software such as a word processor for keeping action logs and
pdf-reader for navigating electronic documents were standard software of a regular
compulter.

Protégé v4.38, which is an open-source ontology editor available to be extended and used
free of charge, was selected to be used in developing ontologies. Resulting ontologies
were to be represented with Resource Description Framework (RDF).

UPROM tool® is a process modeling tool that produces system requirements, quality
manuals and software size measurements with an integrated approach. UPROM was
selected for modeling the business processes.

In selecting a business process modeling language, Extended Event-driven Process Chain
(eEPC) and Business Process Model and Notation (BPMN) were highlighted for being
among the most established languages both in the industry and academia. eEPC provides
strong analysis of business domain, behavioral, information and organizational
perspectives with the set of model elements included in the notation. It is also user friendly
by enabling business people to read and understand the models easily. Some other
languages were eliminated since the case does not have process execution purposes. As a
result, eEPC was chosen as the business process modeling language to be used.

eEPC does not have a standard notation except for lean EPC model elements such as
function, event and logical connectors, which are obligatory for work flow perspective
and thus could be further extended or narrowed in terms of model elements to be used.
This is why selecting the modeling language should also cover selecting the model
elements and modeling rules. Following model element types were selected to serve
modeling purposes; Function, Event, Logical Connectors (AND, OR, XOR), Information
Carriers, Application Systems, Organizational Elements, Process Interface, Improvement
Offer, and Technical Term. Process modeling palette of UPROM for eEPC notation was
revised with respect to the selected set of model element types.

3.2.3 Information Sources in Exploratory Study

Information about processes can exist in various representations and formats, even if it is
not defined in process models. Same applies for domain knowledge as it exists somewhere
in organizations waiting to be formalized. This knowledge might be present in regulatory
documents, automated within information systems, or owned by business people as tacit

8 http://protege.stanford.edu
® http://www.bg.com.tr/j3/index.php/tr/uprom
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knowledge. Usually analysts elicit data from these sources and process them into formal
knowledge representations such as business process models and domain ontology
specifications as depicted in Figure 2.

We followed a similar path, therefore it was important to identify sources which possess
information that is correct, complete and relevant. For both case studies; related
documents, templates, forms, application systems, databases and people were identified
(Table 2 and Table 3).

i <

Rules and regulations

Process|owners

elicit elicit

Analysts

formalize formalize—

I Business process mode|s|

Figure 2 Flow of information from information sources to ontology specification and
business process models in case studies

Human resources for case study 1 had contributed in all phases of business process
modeling and validated the resulting models. However, they were not allocated for
ontology building activities, so ontology building was performed using the rest of the
sources and already developed process models.

Table 2 Information sources in Case 1 of exploratory study

Source Type | Information Source
Person Investment programming and analysis expert
Person Sector expert
g Cabinet Decree on Application, Coordination and Monitoring the
Legislation Program of 2014
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Regulation Investment Program of 2014

Investment Program Preparation Guide of 2014-2016 Term (with 16
Regulation appendices and 14 tables attached that include lists, forms and
templates)

Regulation Book for Allocation of Public Investments per Cities in 2013

Circular on Preparations for Investment Program of 2014-2016
Term

Regulation Booklet on General Economic Goals and Investments for 2013
Application | Public investment information system components

Regulation

Table 3 Information sources in Case 2 of exploratory study

Source Type | Information Source

Person Academic staff member

Regulation Regulation on the Principles for Domestic and Abroad Assignments
Form METU Academic Assignments Directorate forms

3.2.4 Development in Exploratory Study

In both case studies, we kept a log of all actions in development to use in analyzing
findings.

Case study 2 was performed before case study 1 for piloting case study application, as it
is less complicated and small in size. It started with examining the available documented
sources, which led to creation of initial resources of the ontology and definition of the
process hierarchy. This case study was performed by developing process models and
ontology synchronously. Thus, after modeling a few process model elements in process
models, analysts went on specifying relations to the resources in ontology before going
back to process models, and so on. The resulting process model collection included 3
process models with a total of 12 functions and the resulting ontology specifications
(TBox) included 88 resources.

Case study 1 was performed on pre-established business process models. Models had been
developed with participation of domain experts and by utilizing documented and
electronic sources. Within case study 1, by walking through business process models and
also by examining the documents at every related step, public investment planning
ontology was developed. This ontology contains terminological knowledge as it includes
the schema but not data. Inputs were 9 business process models with a total of 59 functions
and the output was 262 ontology resources including classes, object properties and data
properties.
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3.3 Exploratory Study Analysis and Results

Analysis is performed on case study outcomes to infer answers to research questions of
exploratory study.

3.3.1 Analysis and Results for Research Question 1 of Exploratory Study

Table 5 provides the number of shared resources between ontologies and labels within
process model collections in each case study. For some of these resources, there are more
than one instance of the same label or term within a label in process model collections, so
the numbers presented do not reflect unique shared resource instances. Data about the
resource descriptions are not presented in this table to avoid redundancy, as each process
model and process model element label that is associated to an ontology resource has a
description represented as a literal annotation in respective ontologies.

Table 4 Exploratory study summary

Metrics Study 1 study 2
Number of process models 9 3
Number of functions in process models 59 12
Number of process model elements 273 42
Number of ontology resources 262 88

A high level of cohesion between business process models and ontologies observed from
the data presented in Table 4 and Table 5 highlights the importance of managing shared
resources in ontologies and process model collections with tool support. For instance, 79
process model element labels and 175 terms within process model element labels are
represented as ontology resources in the first case study that contains 273 process model
elements and 262 ontology resources. In other words, about 29% of the process model
element labels and terms within the 64% of the process model element labels had the same
semantics with resources in the ontology. This high cohesion might exist due to the fact
that the selected domains for ontology development are highly correlated to the selected
processes. However, it still demonstrates that the necessity of the PROMPTUM method
and toolset with its aforementioned features for managing the resources shared between
ontologies and process model collections is valid in many, if not all, circumstances.
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Table 5 Relations between resources in ontology and labels in process model collections
in exploratory study

Case study 1 Case study 2

90 of % of
Related Number  process % of Number  process 9% of
resources  of models ontology  of models ontology

relations or model resources relations or model @ resources

elements elements
Froces 1, 0% 0% ; 100% 3%
labels (0/9) (0/262) (3/3) (3/88)
Terms
within

56% 2% 300% 10%
process 3 (5/9) 5/262) 2 9/3) (9/88)
labels
Process
model 79 29% 30% 23 55% 26%
element (79/1273)  (79/262) (23/42) (23/88)
labels
Terms
within
process 175 64% 67% 42 100% 48%
model (175/273)  (175/262) (42/42) (42/88)
element
labels

3.3.2 Analysis and Results for Research Question 2 of Exploratory Study

Action logs kept in both case studies were devised to analyze the observed actions and
then elicit the tool requirements for integrated business process modeling and ontology
building. After filtering through common process modeling tool and ontology editor
requirements that also exist in the state of the art, following operational scenarios specific
to aforementioned integrated business process modeling and ontology development tool
support were identified.

Managing process model labels as ontology resources
Managing process model element labels as ontology resources

Managing terms within process model labels as ontology resources
Managing terms within process model element labels as ontology resources
Managing process model and process model element descriptions

Based on these operational scenarios identified, tool support requirements for integrated
business process modeling and ontology development are later specified as provided in
Appendix D - Functional Specifications. For avoiding redundancy, more information
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regarding the scope and examples of these operational scenarios and how they were
implemented within the PROMPTUM toolset is given in Chapter 5.

3.4 Overall Findings of the Exploratory Study

An exploratory study including two case studies was performed and analyzed for
exploratory purposes. In this section, the overall findings derived from the exploratory
study are discussed.

As suggested by the analysis and results of the exploratory study, following findings were
identified:

= Necessity of a method and tool support for integrated business process modeling
and ontology development is validated as a high level of cohesion was observed
between process models and ontologies developed for similar or same domains.
The level of cohesion was assessed based on the semantic matching between
resources of the ontologies and labels and terms within labels in process model
collections.

= Five operational scenarios, which are not supported by the state of the art process
modeling and ontology editing tools, were identified. This also validates the
necessity of a tool support for integrated business process modeling and ontology
development.
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CHAPTER 4

METHOD FOR INTEGRATED BUSINESS PROCESS MODELING AND
ONTOLOGY DEVELOPMENT

The PROMPTUM method for supporting integrated business process modeling and
ontology development is presented in this chapter. The PROMPTUM method requires
tool support (i.e. PROMPTUM toolset) for being effective in performing the unique
activities of the method.

The PROMPTUM Method for Integrated Business Process Modeling and Ontology
Development is developed with the aim of guiding practitioners who develop consistent
business process models and ontologies (i.e. domain, task, or application ontologies). The
method would be used for developing both artifact types (i.e. process model collections
and ontologies). Moreover, the method would potentially be useful in developing one of
the artifacts by using the other that is existing.

In following sections, method provides descriptions for its processes. Within the method
structure, processes include activities and activities include tasks.

Method consists of five main processes:

Scope definition (SD)

Stakeholder management (SM)
Preliminary analysis (PA)
Exploration (EXP)

Verification and validation (V&V)

These processes are not necessarily performed sequentially as their order depends on the
development life cycle model choice and activity planning. Development Life Cycle
Models guideline is provided in Appendix A — Development Life Cycle Models
Guideline. Activity and task descriptions for these processes are provided in following
sections. In practice, these five processes are required to be performed but related
activities and tasks within processes could be tailored as per practitioners’ needs.
Therefore, planning and monitoring are important for a successful development.
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4.1 Scope Definition (SD)

Within this process, scope of the ontology and business process models to be developed
is defined. Scope might include developing both the process model collections and
ontologies, or one of them by using an existing other. Main purpose is to identify product
expectations so that scope volatility related deviations from planned schedule and
resources could be prevented.

4.1.1 Define Development Goals

Goals are defined to identify purposes for developing ontology and business process
models and to identify expected impacts to be created by the products under development.

Identify organizational units to be focused.

Note 1: Development might focus on one or many organizational units. Some parts of an
organizational unit might be excluded if necessary.

Identify information needs of the organizational unit(s).
Prioritize information needs.

Note 2: Focus organization might have several information needs and it might not be
always feasible to satisfy them all, due to organization’s objectives and limited resources.

Identify development goals.

Note 3: Information needs to be addressed by development are identified considering
prioritizations. As per prioritized information needs, one or several development goals are
identified. Appendix B — Goal Definition Form could be used for documenting
development goals.

4.1.2 Define Competency Questions

Competency questions defined in this activity are usually used in ontology development,
but can also be used in business process modeling. They are utilized in evaluating (as in
V&V) the ontology and business process models.

Identify competency questions.

Note 4: Informal competency questions are questions in natural language that are expected

to be provided answers by the products under development. In some cases, competency
questions are identified at high-level and are elaborated later as development progresses
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(Gruninger & Fox, 1995). Competency questions could be documented by using
Appendix B — Goal Definition Form.

Manage competency questions.

Note 5: Managing changes in competency questions is a part of managing scope. Keeping
revision history of competency questions enables practitioners to trace their prior
decisions back to scope.

4.1.3 Establish Commitment to Scope

Establishing top level management commitment is necessary for ensuring allocation of
adequate resources, whereas employee commitment is needed for enhancing motivation.

4.2 Stakeholder Management (SM)

Stakeholders are important for both business process modeling and ontology
development. Purpose of stakeholder management is to identify and manage stakeholders.
Primary stakeholders playing an active role in development and secondary stakeholders
that do not have an active role but have an impact during, before or after development are
identified.

4.2.1 Identify Primary Stakeholders

Note 1: Domain experts and analysts are primary stakeholders. One or a few analysts and
several domain experts shall participate in development. They are characterized as direct
opposite roles as domain experts have domain knowledge that analysts lack and analysts
have system abstraction capabilities that domain experts usually lack (Frederiks & van der
Weide, 2006).

Note 2: Domain experts are selected among experts who have profound knowledge about
the domain within the scope and perform the tasks within the related domain. They usually
do not possess sufficient knowledge and experience about process modeling and ontology
building. Thus, analysts’ abstraction skills are required in formalizing the knowledge
domain experts provide.

Note 3: Analysts are capable in business process modeling and ontology building. They
are expected to have extended knowledge about methods, languages and tools for business
process modeling and ontology building and shall have experience and training necessary
for performing development. Analysts usually do not have sufficient knowledge about the
domains, so they rely on the knowledge that is provided by domain experts or exists in
documented or electronic sources.
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4.2.2 ldentify Secondary Stakeholders

Note 4: Secondary stakeholders might include top-level management, IT experts and
administrators, software development experts and leaders, process management experts
and leaders, knowledge management experts and leaders, and customers and end users.
Top-level management is responsible for tasks such as launching development activities,
allocating necessary resources, approving final products and disseminating results in focus
organization.

Note 5: Information technology (IT) experts and administrators might be needed to get
information systems available for studying by analysts.

Note 6: Software development experts and leaders might require process models and
ontologies in developing software systems.

Note 7: Process management experts and leaders might be responsible for publication,
application, audit, and revisions of business process models within the organization.

Note 8: Knowledge management experts and leaders might be responsible for
maintenance and revision of the ontologies developed.

Note 9: Customers and end users are stakeholders who would be affected by the results of
development activities directly or indirectly.

4.3 Preliminary Analysis (PA)

In preliminary analysis process, high level designs for business process models and
ontologies are identified to determine architecture of the solution for defined scope.

4.3.1 Establish Process Architecture

High level process architecture is established prior to exploration process. Following tasks
describe a business service/product based approach by Dumas et al. (Dumas, La Rosa,
Mendling, & Reijers, 2013), but also any goal-based, action-based, object-based,
function-based, or reference model based approached could be followed (Dijkman,
Vanderfeesten, & Reijers, 2011).

Identify products and services of the organization.

Note 1: Products and services causing different behaviors are identified.

Identify functions related to product and service types.
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Note 2: Business functions performed for different product and service types are
identified.

Establish products and services / functions matrix.

Note 3: Organization is functionally decomposed by establishing a matrix that traces the
products and services of the organization to its business functions (Dumas et al., 2013).

Identify business processes.

Note 4: Business processes are identified by using combinations of products and services,
and business functions. A business process is usually formed from several product/service
and business function intersections within the matrix. However, there might be cases
where a single intersection corresponds to a business process.

Define process architecture.

Note 5: Business processes and their sub-processes are identified with their essential
inclusion and flow relationships. Process architecture could be defined with function tree
or value added chain diagrams (R. Davis & Brabander, 2007).

4.3.2 Enumerate Noteworthy Terms

Noteworthy terms that are meaningful within the focus domain describes the problem and
its solution. These terms include concepts, verbs, properties and instances (Fernandez-
Lopez et al., 1997). Lists of terms are not expected to be stored after development is
completed.

Identify terms.

Note 6: A list of terms that are related to the focus domain are identified by establishing
the domain lexicon and application lexicon. Application lexicon is established by
analyzing documents, information systems, databases and other information sources.
Domain lexicon is established by analyzing related standards, thesauri, regulatory
documents and existing ontologies. List of terms is established as domain experts evaluate
the terms in both application and domain lexicons (De Nicola et al., 2005). List of terms
are further refined by omitting terms that are out of scope or duplicated.

Note 7: Terms could be identified in a Glossary of Terms (Fernandez-Lopez et al., 1997).
Output is a list of terms which does not necessarily imply the classes and properties in the
resulting ontology to be built (Noy & McGuinness, 2001).

Identify concepts.

33



Note 8: Concepts are identified by using the list of terms and a hierarchy of concepts is
established. Concept hierarchy could be identified by establishing Concept Classification
Trees (Gomez-Pérez, Fernandez, & De Vicente, 1996).

Identify verbs.

Note 9: Verbs within the list of terms are identified and described using tables or diagrams.
Identify instances.

Note 10: Instances within the list of terms are identified.

4.3.3 Consider Reuse

Reusable ontologies and business process models are considered for reuse.

Consider reuse of process models.

Note 11: Reuse of process models is usually performed by defining frequently observed
sequential activity groups as a global process and calling this global process from related
processes. Candidate global processes are identified and evaluated for reuse.

Consider reuse of ontologies.

Note 12: Reusing existing ontologies or ontology resources is a priority in ontology
engineering. As a rule of thumb, a new ontology shall be built if there is not an existing
ontology satisfying the needs. Considering the list of noteworthy terms and scope of the
ontology, existing ontologies are evaluated for complete or partial reuse.

4.4 Exploration (EXP)

Business process models and ontologies are explored with an integrated approach. Any
two or more of the following activities could be performed in an iterative manner.
Practitioners shall decide on the order and number of recurrences of following activities.
4.4.1 Elicit Information

Information about the processes and domain within scope is elicited.

Note 1: Information elicitation might be performed before or during process modeling or

ontology building. Based on the selected life cycle, it can be performed throughout
exploration as cycles.
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Note 2: Techniques such as brainstorming, interviews, and text analysis, and knowledge
acquisition tools could be used for eliciting information (Fernandez-Lopez et al., 1997).
Some of these methods are provided in Appendix C — Information Elicitation Methods.
4.4.2 Perform Reuse

Reusable ontologies and business process models are analyzed and used.

Reuse process models.

Note 3: Process reuse is performed as global process models, which are models not
embedded within any process model, are invoked by other process models (Dumas et al.,
2013). Defining the global process models would also ease reuse in future process
modeling efforts. Another type of process reuse is by using embedded sub-processes
where the analyst would embed sub-processes within process models if some parts of the
process to be reused are specific to the business units.

Reuse ontologies.

Note 4: Existing ontologies might be reused by inclusion, polymorphic refinement,
restriction, or circular dependencies (Farquhar, Fikes, Pratt, & Rice, 1995). Nine scenarios
for building ontology networks by Suarez-Figueroa provide guidelines for reuse and
reengineering of resources (Suarez-Figueroa, 2010). Making the ontologies public by
publishing would be important in developing reusable ontologies, so that the knowledge
created via ontologies would be globally open for extension and validation.

4.4.3 Model Business Processes

Business processes within the scope are modeled. Following tasks were tailored using the
process modeling procedure by Dumas et al. (Dumas et al., 2013).

Identify process boundaries.

Note 5: Process boundaries are identified by determining triggering and outcome events
of each business process in the process architecture.

Identify activities and events.
Identify roles.
Note 6: Roles performing each activity shall be identified.

Identify control flow.
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Note 7: Control flow specifies when activities and events happen. More precisely their
orders, decision points, parallel flows and loops are identified.

Identify other process model elements.

Note 8: Other process model elements might include information carriers, information
systems, databases, technical terms, key performance indicators (KPIs), business rules
based on the selected modeling language and organization’s needs.

4.4.4 Build Ontology

Ontology within the scope is built.

Define classes.

Note 9: Classes are ontology resources sharing similar properties in a domain. Defining
classes usually starts with selecting terms that describe objects having independent
existence from the list of noteworthy terms enumerated in section 4.3.2 (Noy &
McGuinness, 2001).

Note 10: Class hierarchy is defined by considering if a class is a subclass of another class.
In creating class hierarchy one of top-down, bottom-up, or middle-out approaches could
be chosen (Uschold & Gruninger, 1996).

Define properties.

Note 11: Properties (slots) for a class specifies the attributes and features of the individuals
belonging to that class. Generally, properties include intrinsic and extrinsic properties,
physical and abstract part specifications and relationships to other individuals (Noy &
McGuinness, 2001).

Define restrictions.

Note 12: Value sets and types that properties can take, maximum and minimum values,
and other information about properties are set.

Create individuals.

Note 13: Individuals belonging to classes are created as ontology resources and values for
pre-established properties are set.

4.4.5 Associate Ontology and Process Model Collections

Ontologies and process model collections are associated during exploration.
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Associate process model labels and ontology resources.

Note 14: Processes might be represented as models in business process models and
resources in ontologies. In such a case, as they represent the same object of the real world,
label of the process model and the ontology resource shall be the same.

Note 15: Also, the process models usually have a sub-diagram relation through function
objects in process models which have the same label with the process model. In such
cases, labels of both process models and activities shall be associated with ontology
resources.

Associate terms within process model labels and ontology resources.

Note 16: The terms and phrases within the process model labels would represent the same
real-world object that a resource in an ontology represents.

Associate process model elements and ontology resources.

Note 17: A process model element and an ontology resource shall be associated if they
are representations of the same object of the real world.

Associate terms within process model element labels and ontology resources.

Note 18: Association is established in cases where a term or phrase within the label of a
process model element is also represented as a resource in an ontology.

Associate properties in process models and literal annotations in ontologies.

Note 19: Ontology resources can be described with literal annotations. A similar
description is possible in business process modeling where process models and process
model elements are assigned properties. If there exists an association between process
models (or process model elements) and ontology resources, these literal descriptions shall
also be consistent.

4.5 Verification and Validation (V&V)

Purpose of verification and validation process is to ensure business process models and
ontologies conform to their requirements and intended use.
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45.1 Verification

Business process models and ontologies are evaluated for conformance to development
goals and competency questions. Issues detected in verification shall be recorded and
managed until closure.

Verify business process models.

Note 1: Verification of process models is usually performed as a review. In business
process model reviews, domain experts and analysts should evaluate quality of models in
terms of syntactic and semantic correctness, relevance of content, economic efficiency,
clarity of representation, comparability to content, and systematic design (Becker,
Rosemann, & Uthmann, 2000).

Verify ontologies.

Note 2: Verification of ontologies includes using one or more of specification evaluation,
application-dependent evaluation, terminology evaluation, or taxonomy evaluation
(Garcia et al., 2010). Evaluations might be performed based on quality metrics in (Tartir,
Arpinar, Moore, Sheth, & Aleman-Meza, 2005).

4.5.2 Validation

Users evaluate business process models and ontologies for fitness to their intended
purposes. Issues detected in validation shall be recorded and managed until closure.

Note 3: Validation of process models is usually performed as a review, whereas validation

of ontologies includes using both reviews and formal test queries based on competency
questions.
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CHAPTER S

TOOL SUPPORT FOR INTEGRATED BUSINESS PROCESS MODELING AND
ONTOLOGY DEVELOPMENT

This chapter presents the PROMPTUM toolset to support integrated business process
modeling and ontology building. PROMPTUM toolset contribute in making the
PROMPTUM method effective. Components and system interfaces of the PROMPTUM
toolset are shown in Figure 3.

Business Process Process Modeling
Modeling Tool Plugin

UPROM PROMPTUM -®- PROMPTUM

! Ontology Server

Figure 3 Components and system interfaces of PROMPTUM toolset

Analyst is the expert in business process modeling and ontology development who models
the processes via UPROM tool and/or builds the ontologies via PROMPTUM Ontology
Server. Analyst also uses PROMPTUM Process Modeling Plugin via Ontology View on
the UPROM tool for associating labels in process model collections with ontology
resources. The three components of the PROMPTUM toolset are described with details in
the following sections.
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51 UPROM Tool

UPROM tool, user interface of which is shown in Figure 4, is the medium where business
process models are developed and stored within the PROMPTUM toolset.

7§ £ Team Sync.. B SVN Repo... @ UPROM (i Resource

~ |k palette
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Ontology Address [ Select Project ~| Add Ontology

http://gorev.org O Process

Add Resource (related 1o a )| Add Resource (related to a concept within ..)
Update Resource Delete Resource Unlink Resource

Sync with Ontology Server

Figure 4 User interface of UPROM tool

UPROM tool (Aysolmaz & Demirdrs, 2015) is a desktop graphical business process
modeling software that provides modeling editors for several diagram types such as
extended Event Driven Process Chain (eEPC), Value Chain (VC), and Function Tree (FT).
UPROM was originally developed to supports business process analysis, improvement
and modeling while incorporating an integrated approach for generating system
requirements and software size estimations. UPROM possesses the common
characteristics of process modeling tools such as ease of model building, formal semantics
and verification of correctness, workflow patterns, resource and data perspective, and
level of detail, transparency and suitability for communication (Jansen-Vullers & Netjes,
2006). UPROM provides core process modeling tool features such as a process model
repository for storing and structuring the modeling projects, sub-diagram decomposition,
continuous syntactic verification based on diagram meta-models, unique object
assignment, and defining attributes for process models and elements. UPROM tool was
developed based on bflow* Toolbox (Laue et al., 2015) by following Eclipse Modeling
Framework (EMF) and Eclipse Graphical Modeling Framework (GMF).

Reuse of existing process models are possible in UPROM by either defining global

process models or embedding existing process models as sub-processes in the process
model collection.
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5.2 PROMPTUM Ontology Server
Most ontology editors have the following functionalities (Stojanovic & Motik, 2002):

» Adding/removing/modifying ontology classes, class hierarchy, object and data
properties and their hierarchy, property domain and range, individuals, property
individuals and literal annotations,

* Propagating a change in one part of the ontology to other parts of it and associated
individuals,

= Undoing a change in ontology such that all previously propagated changes are also
undone.

The PROMPTUM Ontology Server, which features the above mentioned functionalities,
is developed as a component of the PROMPTUM toolset. It serves not only as a Web-
based ontology editor but also as a triple store. It is based on AngularJS application
framework, uses Jetty as web server and stores ontologies in Apache Jena TDB. Web
front-end of the PROMPTUM Ontology Server, shown in Figure 5 and Figure 6, is a
simple Web-based ontology editor that enables analysts to build ontologies.

Reuse of existing ontologies, which is an important practice in ontology engineering,

would be performed by adding the ontologies or some of the resources of ontologies via
the user interface of PROMPTUM Ontology Server.

Uprom Ontology Server © Welcome, bg

Menu S

enstitu_muduru

bolum_baskan

Figure 5 Web front-end of PROMPTUM Ontology Server for managing resources
The PROMPTUM Ontology Server provides web services, which are described in

Appendix E — Web Services Provided by PROMPTUM Ontology Server, based on
RESTful APlIs for adding, listing, and removing resources, data type properties and object
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type properties, updating resource labels, listing changes in ontologies, and getting the

whole model. These services are consumed by the PROMPTUM Process Modeling
Plugin.

Uprom Ontology Server © Welcome, bg

n,_birbirini_tamamlayan_veya_birbirine, anabilim_ve_anasanat_dallarindan_olusan;_fakultelerin_ve_yuksekokullarin_egitim.
len_ogretim_uyesidir

Figure 6 Web front-end of PROMPTUM Ontology Server for managing properties

5.3 PROMPTUM Process Modeling Plugin

The PROMPTUM Process Modeling Plugin is a plugin to the UPROM tool and follows
the same principles in terms of the development technology used. It provides the
“ontology view” shown in Figure 7 on the UPROM tool that enables analysts to perform
operational scenarios in integrated development of the process models and ontologies,

except the regular process modeling and ontology editing operations described for
UPROM tool and PROMPTUM Ontology Server above.

[ Problems (ErProperties ‘0 Ontology View % & Attribute Vievﬂ

Gorevlendirme N

Enstitd maddard
Bo6lum bagkani
Talep formu ekleri

Rektor

Ontology Address l ‘ [ Select Project £4 ] Add Ontology

http://gorev.org v| O Process @ Element Add Resource (related to a..) | Add Resource (related to a concept within ...)
l:’ Update Resource Delete Resource Unlink Resource

Sync with Ontology Server

Figure 7 Ontology view user interface in UPROM tool
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These operational scenarios are depicted with motivating examples from “public
investment planning” and “short term assignment of academic staff members” processes
and domains in following sub-sections. Detailed functional specifications are provided in
Appendix D - Functional Specifications and the data model is provided in Appendix F —
Data Model of PROMPTUM Process Modeling Plugin.

5.3.1 Ontology Selection

In PROMPTUM toolset, a label or a term in the label of a process model or a process
model element within a process model collection can be added as a resource to an ontology
only if a restriction is already established between the process model collection and the
ontology in question. Therefore, this restriction permits that the resources can be added
from only selected process model collections to the selected ontologies. A many-to-many
relation between the process model collections and ontologies is possible in defining these
restrictions. In other words, once the required restrictions are established, an ontology can
take input from several process model collections and a process model collection can have
resources defined in several ontologies. Analysts define these restrictions using the
Ontology View by entering a valid ontology address, selecting a process model collection
from the “Select Project” list and clicking the “Add Ontology” button shown in Figure 7.

5.3.2 Managing Process Model Labels as Ontology Resources

An ontology resource and a process model label would represent the same real-world
object. Figure 8 exemplifies a process model with the label “Assignment without
allowance and expense and with duration of between 7-15 days” within business process
models for “short term assignment of academic staff members”. The object that represents
this process model is also a resource that is a sub-class of the “short term assignment”
class in “academic assignments” ontology.

> Assigned_activity
\ £ Assignment
Long_term_assignment
v Short_term_assignment
'Assignment with allowance and expense or with duration of more than fifteen days’
'Assignment without allowance and expense and with duration of between seven and fifteen days’
ssignment without allowance and expense and with duration of less than one week’

4 (= 01-Assignment_without_allowance_and_expense_and_with_duration_of_less_than_1_week
= Assignment_without_allowance_and_expense_and_with_duration_of_less_than_1_week.epc

=] Assignment_without_allowance_and_expense_and_with_duration_of_between_7-15_days.epc
4 (= 03-Assignment_with_allowance_and_expense_or_with_duration_of_more_than_15_days
= Assignment_with_allowance_and_expense_or_with_duration_of_more_than_15_days.epc

Figure 8 Motivating example of a process model label as an ontology resource
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Such ontology resources that represent the same real-world object as a process model label
can be added to an ontology via Ontology View (Figure 7). In order to add the resource,
analyst clicks “Add Resource (related to a...)” button while the ontology from the
ontology list, “Process” radio button, and the process model on the package explorer
remain selected. Then the resource is added to the PROMPTUM Ontology Server and the
label of resource is listed in the linked resources list. If the resource already exists in the
ontology, which might be the case in utilizing existing ontologies, the PROMPTUM
Process Modeling Plugin still keeps record of the relation between the ontology resource
and the process model label.

Once a resource listed in the linked resources list, several other functions are available.
Ontology resource URI and label, and the label of process model is updated by using the
“Update Resource” button. The “Delete Resource” button deletes the selected ontology
resource from the ontology and the “Unlink Resource” button removes the link between
the process model and the ontology resource without deleting the resource from the
ontology. And if the analyst deletes a linked resource by using the web interface of the
PROMPTUM Ontology Server, upon clicking on “Sync with Ontology Server” on the
Ontology View, the resource is removed from linked resources list.

5.3.3 Managing Process Model Element Labels as Ontology Resources

In Figure 9, “Faculty member” is a role in a process model and also a class in “academic
assignments” ontology. Such process model element labels can be added to an ontology
via Ontology View by using the “Add Resource (related to a...)” button while the
ontology from the ontology list, “Element” radio button, and the process model element
are selected.

> Expense_item

Faculty_member
Assistant
Lecturer
PostDoc
Professor

Funding_source

Faculty ‘Demand travel Higher_education_institution_member
member permit 2

Y-V

Figure 9 Motivating example of a process model element label as an ontology resource

After the resource related to a process model element label is created in ontology and
listed in the linked resources list, analyst can update the process model element label by
(1) clicking the “Update Resource” button and changing the label, (2) changing the
process model element label in modeling area, or (3) updating the label of resource in the
PROPMTUM Ontology Server and clicking the “Sync with Ontology Server” button on
Ontology view. All three alternatives ensure that all instances of the process model
element in the same process model collection, the linked resources list, and the resource
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in ontology are updated respectively. The “Sync with Ontology Server” button also
ensures a deleted resource in the PROMPTUM Ontology Server is removed from the
linked resources list.

“Delete resource” and “Unlink Resource” buttons perform the same functions described
in previous sub-section for the resources associated with process model element labels.
Moreover, if the last existing instance of a process model element is deleted from the
process model collection, the associated resource is also removed from the linked
resources list but it remains in the ontology.

5.3.4 Managing Terms within Process Model Labels as Ontology Resources

Not only the whole labels but also the terms and phrases within the labels would represent
the same real-world object that a resource in an ontology represents. Figure 10 provides a
motivating example for such cases. The phrase “investment proposal” within the process
model label “Gather and evaluate investment proposals” is also a resource in “public
investment planning” ontology.

= Vehicle_list

b Deflector

~ @ Investment_fund_ceiling
#Investment_proposal = Investment_need
estment_need = Investment_proposal

4 (= 02-Finalize_fund_assignments
4 (= 01-Issue_visa_for_investment_proposals
= Issue_visa_for_investment_proposals.epc
= Finalize_fund_assignments.epc

Figure 10 Motivating example of a term within a process model label as an ontology
resource

In adding a term or phrase within a process model label, analyst clicks “Add Resource
(related to a concept within...)” button while the process model is selected in the UPROM
package explorer, and the ontology where the resource will be added and the “Process”
radio button remain selected. Then the PROMPTUM Process Modeling Plugin displays a
pop-up dialog box where the analyst needs to enter the term or phrase included in process
model label. The PROMPTUM Process Modeling Plugin verifies whether the input phrase
is included in the process model label or not.
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The rest of the functionality related to managing terms within process model labels as
ontology resources (i.e. updating, deleting, unlinking, and synchronizing actions) are
similar to the ones described above for managing process model labels as ontology
resources.

5.3.5 Managing Terms within Process Model Element Labels as Ontology
Resources

Similar to the terms and phrases within the process model labels, the terms and phrases
within the process model element labels would also be ontology resources in the relevant
domains. The motivating example depicted in Figure 11 shows the term “sector” as a part
of a process model element label (i.e. “Identify investment needs on the basis of sectors”)
and a resource in “public investment planning” ontology.

p---@ Public_expense
V@ Public_investment
@ Administrative_service_building_project
-~ Cumulative_project
b Public_investment_project
- Research_support_programme
@ Sub_project
© Vehicle_acquisition
#@ Public_investment_fund_allocation
p---@ Public_official
Les® Sector
@ Agriculture_sector
@ Education_sector
© Energy_sector
' Health_sector
@ Manufacturing_sector
' Mining_sector
' 'Other_public_services_(economical)’
' "Other_public_services_(social)’
Residential_sector
@ Transportation-Communication_sector
@ Turism_sector

Public
Institution

- X X |

Figure 11 Motivating example of a term within a process model element label as an
ontology resource

For adding such resources to the ontology, analyst clicks “Add Resource (related to a
concept within...)” button while the process model element, the ontology, and the
“Process” radio button are selected and enters the valid phrase (i.e. that exists within the
label of selected process model element) on the dialog box that pops up. Remaining
actions related to an ontology resource that is linked to term within a process model
element label are similar to those described for managing process model element labels as
ontology resources.
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5.3.6 Managing Process Model and Process Model Element Descriptions

Descriptions exist both for process models and process model elements in business
process model collections and for resources in ontologies. For instance, the ontology
resource and its related process model element, “faculty member”, in Figure 9 is described
as “the professors, lecturers, assistants, and PostDocs working in higher education
institutions”.

The PROMPTUM Process Modeling Plugin enables the descriptions of the process
models and the process model elements to be added as data type properties to the related
ontology resources in adding a new ontology resource via Ontology View on the UPROM
tool.

As the description of a process model or process model element is revised, the value of
the data type property representing the description is also changed on the PROMPTUM
Ontology Server. Moreover, if the value of the data type property representing a
description is revised on the PROMPTUM Ontology Server, upon clicking the “Sync with
Ontology Server” button, the PROMPTUM Process Modeling Plugin updates the
description of the related process model or the process model element on the UPROM
tool.
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CHAPTER 6

EXPLANATORY STUDY

In this chapter, the explanatory study performed for investigating the last four research
questions provided in Chapter 1 is described. The explanatory study, which includes case
studies and a semi-structured interview, was conducted for identifying the benefits and
pitfalls of using PROMPTUM method and toolset for integrated business process
modeling and ontology development.

In order to assess the validity of assumptions behind developing the method and tool
support proposed in this study, two case studies were applied on the same case:

= Case study 1: Separate development of process models and an ontology in two
threads of study performed by different analysts and domain experts:
o Business process modeling based on traditional approaches and tool
support,
o Ontology development based on traditional approaches and tool support,
= Case study 2: Integrated development of business process models and an ontology
based on PROMPTUM method and toolset.

6.1 Explanatory Study Planning

6.1.1 Research Questions in Explanatory Study

Following research questions, and related propositions and validation methods are
characterized for validating the feasibility and benefits of applying PROMPTUM method
and toolset for integrated business process modeling and ontology development. Four

research questions are introduced for explanatory study.

Research question 1: Does consistency between business process models and ontologies
improve with integrated development?

Proposition 1: With integrated business process modeling and ontology development,
label-based consistency between process models and ontologies would improve.

Validation method for proposition 1: Similar to the first research question of exploratory
study, this research question will be investigated by assessing the cohesion based on the
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labels within process model collections and ontology resources in explanatory case. Also
a review of outputs will identify the inconsistency issues. Findings will be derived by
analyzing the issues identified in the review and comparing the cohesion between process
models and ontologies developed by using PROMPTUM method and toolset, and using
traditional methods and tools.

Research question 2: Does integrated business process modeling and ontology
development improve the semantic quality of the process models or ontologies when
compared with separate traditional development?

Proposition 2: Semantic quality, which relates to developing artifacts that contain true
statements that are complete and correct about the focus domain (Dumas et al., 2013), of
process models and ontologies would improve with an integrated development approach
introduced in this study. This proposition depends on the assumption that using explicit
domain knowledge would improve semantic quality of business process models and also
using process knowledge would improve semantic quality of domain ontologies. Previous
research (Fan et al., 2016) has supported this proposition to an extend by showing that
using ontologies would increase semantic quality of business process models.

Validation method for proposition 2: Both artifacts developed by with and without using
PROMPTUM toolset and method is to be evaluated and compared. A reviewer should
make the evaluation based on completeness and validity of the produced artifacts, and the
analysis should compare the number of issues identified related to these aspects.

Research question 3: How would the development effort be affected with integrated
business process modeling and ontology development?

Proposition 3: Development effort, which is a measure of required effort for a unit of
artifact size, for integrated business process modeling and ontology development would
not exceed the total effort required to develop business process models and ontologies
separately. Previous research (Fan et al., 2016) has provided partial support for this
proposition by claiming that using ontologies would decrease the effort requirement for
business process modeling.

Validation method for proposition 3: Effort spent for integrated against traditional
separate development approaches in developing process models and ontologies are to be
measured and compared.

Research question 4: What are the perceived benefits of integrated business process
modeling and ontology development compared with separate traditional development?

Proposition 4: Integrated business process modeling and ontology building by using

PROMPTUM toolset and method would bring benefits such as improved semantic quality
and reduced development effort.
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Validation method for proposition 4: Perceived benefits of using PROMPTUM toolset
and method are based on subjective statements of experts that will examine the steps of
integrated development on a case study. Semi-structured interviews are to be used in
collecting opinions from experts in the field and academia, and the interview records will
be analyzed to cathegorize the stated benefits and report.

6.1.2 Activity Planning in Explanatory Study
The following activities were planned to be performed within the explanatory study.

= Case selection: Case selection will be based on selection criteria and development
goals and competency questions will be used in identifying the scope. The case
selection criteria used in exploratory study (i.e. real-life context, resource
availability, and problem complexity) were also used in case selection in
explanatory study.

= Establishing case study environment: Process modeling and ontology
development tools will be selected and get ready.

= |dentifying information sources: Information sources for the selected case will be
identified and allocated.

= Developing process models and ontologies: Development activities for the two
case studies will be performed.

= Analyzing the conduct of the case studies: Analysis and evaluation of the research
questions will be performed by using the case study outputs and performance.

6.1.3 Miitigation of Threats to Validity in Explanatory Study

Potential threats to the validity of explanatory study and steps taken to minimize them are
discussed below. Four types of validity threats (i.e. internal, construct, external, and
reliability) are considered based on a checklist adopted from Wohlin et al. (2012).

In terms of internal validity in explanatory study, one of the threats is related to the length
of the case studies. The scope of the case selected for case studies was established by
considering that the length of the case study execution would not push the endurance limits
of the participants. On the other hand, the participants (i.e. domain experts and analysts)
were selected from people that are skilled and experienced for the tasks they were
expected to perform, so that their learning during the course of the studies would not affect
the execution positively as time passes. For mitigating another internal threat to validity,
case study environments were planned and established beforehand. Thus, the documented
and online information sources, software tools to be used, the scope of the studies, and the
location were made ready before the execution of the case studies.

Regarding the construct validity, which relates to the relationships between theory and
observation, one threat is related to the adequateness of the preoperational explication of
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constructs (Wohlin et al., 2012). For relieving this threat, before performing the case
studies and comparing the resulting artifacts across case studies, the validation methods
of the research questions detailing which data will be collected and how the data analysis
will be conducted were defined. A critical threat to validity of explanatory study in this
research is related to mono-operation bias. This threat arises from the fact that a single
case is included in explanatory study that includes two case studies performed on the same
case. Avoiding mono-operation bias based on the number of cases in case study research
IS troublesome, as the case studies are much costlier in terms of allocating the effort and
time of participants and finding real-world cases than other research methods such as
surveys and experiments. Even if we admit that it does not offer a complete resolution, we
planned to relieve the mono-operation threat to some extent by supporting the findings of
the case studies with the results of a semi-structured interviews performed with experts
from the industry. The semi-structured interviews were planned to introduce the method
and tools used in case studies and the artifacts produced. However, the carefully selected
experts were planned to be encouraged to comment about applicability and potential
benefits of the PROMPTUM method and toolset based on not only the case study products
introduced but also their own experiences regarding other cases in process modeling and
ontology building fields. Another utility to be had from performing the semi-structured
interviews was planned to be about mitigating the mono-method bias in explanatory study.
The results of the semi-structured interviews were planned to be compared with and to
support the findings of the case studies regarding the first three research questions in
explanatory study. Mitigating actions for another threat to construct validity, the
confounding constructs, in explanatory study were planned with same principles described
for exploratory study. Lastly, a major threat to validity lies in the potential bias that could
be introduced by the experimenter by asking the questions in semi-structured interview so
that the answers would match the expectations of the study. To avoid this threat, we
adopted the semi-structured interview questions from a published research performed on
a similar subject by Fan et al. (2016), and planned to pose follow-up questions only about
the content of the interviewees’ comments and strictly not about the subjects that are not
mentioned by the interviewees.

We also planned actions to reduce the threats to external validity of the explanatory study.
Basically, the mitigating actions for external threats to validity planned and taken for
explanatory study are similar to those discussed for relieving the external validity threats
in exploratory study. With the same research approach, we decided on the tools and
languages based on the state of the art and applied the same case selection criteria for
selecting the case.

In terms of reliability of a research, most threats to validity are concerned about how the
researcher in charge would affect the results and to what extent the independent parties
are involved in ensuring the reliability. In explanatory study regarding the research
methods utilized, we performed both case studies and semi-structured interviews. In two
case studies, to assure reliability, an independent external expert, who would not
participate in case studies, with sufficient knowledge about the selected domain (i.e. the
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selected case) and disciplines (i.e. process modeling and ontology development) was
planned to review the conduct, analysis, and results. Also an additional post-mortem
review was planned to be introduced in semi-structured interviews by asking the four
experts from the industry about how well the process models capture the process
knowledge and how well the ontology captures the domain knowledge (i.e. questions 23
and 24 in Appendix H — Survey and Semi-Structured Interview Questions Regarding
Integrated Business Process Modeling and Ontology Development) after giving them a
walkthrough of the case, the PROMPTUM method and toolset, and the resulting artifacts
in case study 2. The threats to validity regarding reliability for semi-structured interviews
are also critical. One of them is about reliability of measures (e.g. poor question wording
and bad instrument layout), which was planned to be avoided in semi-structured
interviews by utilizing a question set from another published research. Heterogeneity of
subjects, which is another reliability related threat, was planned to be relieved by selecting
the experts for interview based on their background information regarding their expertise
in process modeling and ontology development disciplines, and reporting this background
information within the study.

6.2 Explanatory Study Design and Execution
6.2.1 Case Selection in Explanatory Study
The candidate case was evaluated as good on all three criteria as shown in Table 6.
Processes included the case were as follows:
= Establishing a graduate program without thesis
= Application and admission to graduate programs without thesis
= Initial Enrollment to a graduate program without thesis

= Semester registrations

The goal of developing an ontology was to make the information about graduate studies
without thesis explicit.

Table 6 Case selection in explanatory study

Case characteristics Case

Focus domain Graduate studies without
thesis

Focus organization METU Informatics Institute

Real-life context Good

Resource availability Good

Problem complexity Good
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6.2.2 Case Study Environment in Explanatory Study

As mentioned above, there are two case studies to be performed in scope of explanatory
study. For case study 1 that focuses on separate development, same environment utilized
in exploratory study will be used.

Signavio was selected for business process modeling in process modeling thread of case
study 1, since the analyst, who will perform process modeling, was more familiar with
this tool. Signavio was evaluated to have the process modeling capabilities required for
this case study. For similar reasons described in exploratory study, eEPC was selected as
process modeling language to be used in case study 1 of explanatory study.

For ontology development thread of case study 1 of explanatory study, Protégé v4.3 was
selected to be used in ontology development and the resulting ontology was to be
represented with RDF

In case study 2, which includes integrated business process modeling and ontology
development, PROMPTUM toolset was to be used. As described in Chapter 5,
PROMPTUM toolset is composed of UPROM tool, PROMPTUM Process Modeling
Plugin, and PROMPTUM Ontology Server. Among these components UPROM tool and
PROMPTUM Ontology Server requires installation as PROMPTUM Process Modeling
Plugin is included in UPROM tool setup. For avoiding bias with case study 1, eEPC and
RDF were selected for representing process models and ontology respectively in case
study 2.

6.2.3 Information Sources in Explanatory Study

In development of both ontologies and process models in each of the case studies; a
domain expert, documented information sources, and application system shown in Table
7 were allocated as information sources. In each of case study 2 and the two threads of
case study 1, a different domain expert was used since the same domain expert providing
information and validating the outputs of several case studies would have introduced bias
to the study.

Table 7 Information sources in explanatory study

Source Type | Information Source

Person Academic staff member

Middle East Technical University Rules and Regulations Governing
Graduate Studies

Guidelines for Middle East Technical University Graduate
Programs without Thesis

Regulation Guidelines for Registration of Graduate Students
Form Required documents for application

Regulation

Regulation
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Lexicon A set of definitions and most frequent words in Rules and
Regulations Governing Graduate Studies
Application METU Student Affairs Information System

6.2.4 Development in Explanatory Study

As mentioned above, within the explanatory study there were two case studies each of
which were performed by a different analyst having the required skills and experience
summarized in Table 8. In process modeling thread of case study 1 (i.e. business process
modeling based on traditional approaches and tool support), an analyst that has the skills
and experience in business process modeling was paired with a domain expert in modeling
the selected set of processes. In ontology development thread of case study 1, an analyst
developed a “graduate studies without thesis” ontology by utilizing traditional approaches
and tool support. PROMPTUM method and toolset were used in case study 2 in integrated
business process modeling and ontology development by an analyst.

Table 8 Summary of the background information of analysts in explanatory study

Background Analyst in process | Analyst in Analyst in case
profile modeling thread | ontology study 2
information of case study 1 development
thread of case
study 1
Age 31-35 26-30 31-35
Education Business Computer Industrial
administration engineering engineering
and and and
Information Information Information
systems systems systems
Job title Research assistant | Research assistant | Research assistant
Process modeling | Very good Good Very good
skills (5 out of 5) (4 out of 5) (5 out of 5)
Enrolled in a| Yes Yes Yes
process modeling
course?
Process modeling | Yes Yes Yes
experience?
Ontology Moderate Good Good
development skills | (3 out of 5) (4 out of 5) (4 out of ©)
Enrolled in an | No Yes Yes
ontology
development
course?
Ontology Yes Yes Yes
development
experience?




6.3 Explanatory Study Analysis and Results

The metrics that are indicators of the size of the products developed in explanatory study
are provided in Table 9.

In the analysis and results of the explanatory study, we investigated the last four research
questions provided in Section 1.4. Each of the research questions was addressed by using
the data collected in case studies and semi-structured interview performed in explanatory
study.

Table 9 Explanatory study summary

Process Ontology Case study 2
, modeling development  (integrated

case study 1 | case study 1

Number of process models 4 - 4

Number of functions in process

models 34 ) 37

Number of process model elements 94 - 77

Number of ontology resources - 73 76

6.3.1 Analysis and Results for Research Question 1 of Explanatory Study

For identifying the consistency between process model collections and ontologies in the
analysis regarding the first research question in explanatory study, ontology resources are
matched with labels and terms within labels in process model collections. In case study 2,
as PROMPTUM method and toolset were used, most relations were already established.
On the other hand, matching the ontology resources in ontology development thread of
case study 1 with the labels and terms within labels in process models developed in process
modeling thread of case study 1 was done by searching each ontology resource label in
process models one by one.

The ontology resources matching with process model elements that have multiple
instances in the process model collection are counted only once (e.g. a role, “institute
board”, has several instances in the process model collection, but its associated matching
with the ontology resource is counted as one).

Moreover, especially in the analysis of case study 1, label matching was made based on
semantics rather than syntax. For example, in the resulting process models of process
modeling thread of case study 1, the terms “program” and “lisansiistii program (graduate
program)” represent the same real-world phenomena that is represented as an ontology
resource labeled “graduate program” in ontology development thread of case study 1. So,
although these are syntactically different, they have the same meaning and counted as a
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match with the related ontology resource. Another example of two terms having the same
meaning but a more significant difference in syntax is between “not ¢izelgesi (grade
chart)” and “transkript (transcript)” in process modeling thread of case study 1.

A review of process model collections and ontologies developed in case studies of
explanatory study was performed and the issues identified in the review are provided in
in Appendix G — Issues Identified in the Review of Products in Explanatory Study.

Table 10 shows the number of ontology resources that represent the semantically same
terms with the labels and terms within labels in process model collections in case study 1
and case study 2. Based on these figures and the issues detected in the review of the
products, following consistency related findings were identified between business process
models and ontologies:

= Ontology and process model collection developed in case study 1 respectively
include 14 (fourteen) inconsistent use of terms and phrases between the ontology
resources and labels within process model collection. However, no such issues
were identified for ontology and process model collection developed with
PROMPTUM method and toolset in case study 2.

= In case study 1, 2 (two) ontology resources were identified to be needed to be
represented in process model collection. No such issues were identified for case
study 2.

= According to the review, in case study 1, the ontology developed should have
represented 12 (twelve) terms and phrases included in the process model
collection. In case study 2, there are 6 (Six) such issues between the process model
collection and ontology developed as integrated.

Table 10 Relations between resources in ontology and labels in process model
collections in explanatory study

Case study 1 Case study 2
Related resources (separate (integrated
development) development)
Process model labels 2 1
Terms within process model labels 6 6
Process model element labels 12 20
Terms within process model element labels = 62 68

The findings summarized above suggest that the proposition for the first research question
in explanatory study holds. In other words, the findings support the claim in this study that
compared to the process model collections and ontologies developed separately, process
model collections and ontologies developed as integrated with the support of a method
and tool support are more consistent with each other.
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6.3.2 Analysis and Results for Research Question 2 of Explanatory Study

Semantic quality of process models is related to validity and completeness (Dumas et al.,
2013). Validity focuses on whether the information represented in the models are correct
and relevant to the problem, whereas completeness is a measure of extend to which the
models include all correct statements on processes. For assessing semantic quality of
ontologies, same semantic quality aspects are utilized in this study. As pointed out in
previous studies (Dumas et al., 2013; Fan et al., 2016), assessing the semantic quality of
these artifacts requires a subjective evaluation usually performed via reviews. However,
for mitigating the potential bias accommodated in reviews to some extent, the reviewer
was provided a set of review criteria. Also the conduct and results of the review was later
evaluated by the author of this study.

Review results provided in Appendix G — Issues Identified in the Review of Products in
Explanatory Study were used in the analysis regarding research question 2.

Some results and findings regarding the validity of process models and ontologies
identified based on the issues detected in review are as follows:

= In both case study 1 and 2, there exists one issue related to incorrect information
in process models. So, in terms of correctness of the process related information
in process models, integrated and separate development do not differ at all. Yet, it
is noteworthy that number of issues to generalize this proposition to any extend is
not enough.

= There are no issues related to incorrect information in ontologies developed in
either of case studies 1 or 2.

= Internal consistency in work products can be regarded as a type of issue related to
correctness of the products. There are 3 (three) issues regarding internal
consistency in case study 1. To be exact about these issues, they are related to
naming the process model elements that represent the same concepts in processes.
These issues are also related to the information in process models being incorrect.
Related process model element labels were represented in ontology developed in
case study 1. So if the ontology had been used in the development of process
models in case study 1, it is possible that these issues would have been avoided.
No such issues exist in process models of case study 2. Yet, since internal
consistency issues are not many in both case studies 1 and 2, a strong proposition
about how internal consistency of process models would improve with integrated
business process modeling and ontology development would not be valid.
However, it is worth noting that there is at least weak evidence that would be the
case.

= There are no issues related to internal consistency in ontologies developed in either
of case studies 1 or 2.
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The issues identified in the review were used in generating the following results and
findings regarding the completeness of process models and ontologies:

= As described for the first research question, the 2 (two) ontology resources
identified in case study 1 were in scope of the process model collection in case
study 1, but not represented in it. This constitutes a problem for the completeness
of the process model collection developed. However, such issues were not
identified in case study 2.

= As discussed in first research question, 12 (twelve) terms and phrases used in
process model collection in process modeling thread of case study 1 should have
been defined as ontology resources in ontology development thread of case study
1. On the other hand, there were 6 (six) terms and phrases belonging to process
models needed to be represented as ontology resources in case study 2. So, in terms
of completeness of resulting ontologies, review results show that integrated
development performs better than separate development.

= 1 (one) out of scope entity exists in ontology developed in case study 1.

= 6 (six) issues about missing (or out of scope) information exist in process models
in case study 1, whereas 4 (four) exist in case study 2.

Overall, the explanatory study results reveal that semantic quality of the ontologies and
business process models developed with PROMPTUM method and toolset are higher
compared to separate traditional development. Especially, completeness of process
models and ontologies seems to improve with integrated development. This would suggest
that usage of formal domain knowledge in process modeling and structured process
knowledge in ontology development would improve completeness and so that the
semantic quality of both artifacts.

6.3.3 Analysis and Results for Research Question 3 of Explanatory Study

Third research question was interested in the development effort required for integrated
business process modeling and ontology development. In explanatory study, effort data
was collected for development activities in order to compare the total effort required for
integrated and separate development. Analysts’ effort, domain experts’ effort, and
durations of case studies are provided in Table 11. As one analyst and one domain expert,
who contributed development simultaneously, were assigned to each case study, effort per
actor and duration values within each case study are equal.

So, in total 220 person-minutes were spent by analysts for developing process models and
ontology separately (i.e. 95 person-minutes for process modeling and 125 person-minutes
for ontology development in case study 1), whereas analyst in case study 2 spent an almost
equal 215 person-minutes to develop both products with an integrated approach.
Therefore, the explanatory study does not suggest a major development effort gain or loss
via integrated business process modeling and ontology development.
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Table 11 Effort and duration data in explanatory study

Metrics Process modeling | Ontology Case study 2
thread of case development (integrated
study 1 thread of case development)
study 1
Analyst’s effort 95 person-minutes | 125 person-minutes | 215 person-minutes
Domain expert’s 95 person-minutes | 125 person-minutes | 215 person-minutes
effort
Duration 95 minutes 125 minutes 215 minutes

Based on explanatory study results, similar to the findings for development effort, total
duration of development seems not be affected much when process models and ontologies
are developed as integrated rather than as separated.

Another aspect in this research question’s context that would be worth investigating was
to shed light on the distribution of effort spent for ontology development and for process
modeling in integrated development. However, it was not possible to decompose the
cognitive effort to smaller chunks of data in case study 2, as the process modeling and
ontology development activities were mostly intertwined rather than discrete.

The results raise some new questions to investigate in the future regarding the factors that
cause the increase in total cognitive effort in integrated development of more than one
product, phases of development (e.g. information elicitation, modeling, validation) that
would enjoy the development effort gains most in integrated development, and the impact
of the tool capabilities on the development effort.

6.3.4 Analysis and Results for Research Question 4 of Explanatory Study

Appendix H — Survey and Semi-Structured Interview Questions Regarding Integrated
Business Process Modeling and Ontology Development was designed to find answers to
the fourth research question in explanatory study. It presents the survey questions (i.e.
questions from 1 to 22) that are designed to assess the background profile of the
participants and the semi-structured interview questions (i.e. questions from 23 to 28) that
are adopted from Fan et al. (2016) in order to identify the perceived benefits of integrated
business process modeling and ontology development compared with separate traditional
development.

The semi-structured interview was performed with four interviewees from the industry.
These four interviewees were carefully selected from different backgrounds (e.g. different
companies, expertise, and work experiences). A summary of background profiles of the
interviewees that participated in the semi-structure interview is provided in Table 12.
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Table 12 Summary of background profiles of the interviewees

development
experience?

Background Interviewee 1 | Interviewee 2 | Interviewee 3 | Interviewee 4
profile
information
Age 36-40 46-50 31-35 36-40
Education Computer Electronic Industrial Computer
engineering engineering engineering engineering
and
Computer
engineering
Job title Software Software Process analyst | Software
project engineer and consultant | architect
manager and
Process
improvement
consultant
Process Good Very good Very good Bad
modeling skills | (4 out of 5) (5 out of 5) (5 out of 5) (2 out of 5)
Enrolled in a| Yes Yes Yes No
process
modeling
course?
Process Yes Yes Yes Yes
modeling
experience?
Ontology Bad Very bad Moderate Very good
development (2 out of 5) (1 out of 5) (3 out of 5) (5 out of 5)
skills
Enrolled in an | No No No Yes
ontology
development
course?
Ontology No No Yes Yes

Before the background survey and semi-structured interview was performed, each
interviewee was given an extensive introduction about PROMPTUM method and toolset.
They were also given a walkthrough about the conduct and the resulting process models
and ontology in case study 2 of explanatory study.

In the semi-structured interview, interviewees were asked the semi-structured interview

questions. They were asked some additional questions where a clarification and additional
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information was needed regarding the points they made. However, they were not given
any keywords or hints about the potential benefits the author of this study had envisioned.
Thus the potential benefits stated by the interviewees are strictly based only on their own
perceptions.

The interviews were recorded and then the voice records were transcripted to text. The
comments made by all interviewees were read and the statements about the perceived
benefits and justifications of benefits were identified and classified. The statements
describing similar benefits were identified to report different opinions on the subject in
reaching the results.

Based on the classification of comments, following perceived benefits were identified as
suggested by the interviewees. The quotes of the interviewees are given in Turkish and
with an accompanying translation to English.

Discovery: One of the benefits that was suggested by all interviewees was about how
PROMPTUM method and toolset is easing the information discovery in selected domains.
The interviewees highlighted both improved process discovery and domain knowledge
discovery during process modeling and ontology building activities. One of the
interviewees in suggesting the benefits to process discovery stated that:

“The information resources discovered in ontology development will establish a
base for process modeling. The answers to some 5W1H questions to be asked
about the process would be hidden in the ontology resources and their
relationships. / Ontoloji gelistirmede ortaya ¢ikan bilgi kaynaklari siireg
modelleme i¢in bir taban olusturacaktir. Siire¢ ile ilgili sorulacak SNIK
Sorularimin cevaplarmmin bir kismi ontolojideki kaynaklarda ve iliskilerde sakli
olabilir.”

Another interviewee highlighted that putting a cognitive effort to ontology building would
improve process discovery by stating:

“It (i.e. the method) enables to discover the processes and activities, and find out
the inputs and outputs, and actors of the activities. It is like brain storming. It
enables to think like; “What is this entity used for? It is used for this.”. It
encourages thinking deeper during process modeling. / Siire¢ ve aktivite kesfi ve
daha c¢ok aktivitelerin aldiklart girdi ve c¢iktilari ve aktivitelerin aktorlerini
bulduruyor. Daha ¢ok beyin cimnastigi gibi. “Buradaki varlik ne i¢in kullanir?
Iste sunun icin kullanilir” diye diigiinmeyi sagliyor. Siire¢ modellerken daha derin
diistinmeye tegvik ediyor.”

Regarding domain knowledge discovery in ontology building, interviewees think that
PROMPTUM method and toolset would be beneficial. One interviewee states this benefit
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by also claiming that the improvement in domain knowledge discovery would be
dependent on the granularity and quality of process models:

“Actually, inputs and outputs are always a bit easy to omit in process models. Of
course, if the inputs and outputs are defined, they are very strong candidates to be
defined in the ontology. Still, if required detail level is not existing, we might not
find out for example what the application documents are. In terms of the roles, we
sometimes cannot discover the actor of an activity due to the use of passive voice.
Discovering the ontology resources would be affected by the level of detail and
quality of process models. / Siire¢ modellerinde girdi ve ¢iktilar aslhinda her zaman
biraz kolay atlanabiliyor. Tabi girdi ve ¢iktilar tamimliysa, bunlar ¢ok gii¢lii aday
ontolojide tanmimlanmak igin. Yine de, 6rnegin basvuru evraklarinin ne oldugunu
bulamayabiliriz bu detay yoksa. Rollerde de bazen edilgen c¢ati kullanilirsa
aktiviteyi kimin yaptigi agiga ¢ikmuyor. Siire¢ modellerinin detay seviyesi ve
kalitesine gore ontoloji varliklarini kegfetmemiz etkilenir.”

Consistency: A benefit two of the interviewees mentioned is related to consistency
between the two artifacts. According to these interviewees the consistency between
process model collections and ontologies in the similar domains would improve. One of
the interviewees suggest that:

“It enables the products to be consistent with each other. Same terminology would
be used. So, there would not be difference in naming the same concept. / Uriinlerin
birbiriyle tutarli olmasini saglar. Ayni terminoloji kullanilir. Yani ayni kavram
icin farkl isimlendirme yapimaz.”

Effort: All four of the interviewees mentioned the benefits regarding the development
effort. One of the interviewees claimed that integrated development would prevent
“duplicated analysis effort”. Another stated this benefit as:

“There would be significant effort savings by eliciting information in a single go
in integrated process modeling and ontology development. The interviews with
domain experts would take shorter, the domain experts would be prevented to stay
away from their work, and they would not face the same questions for several
times. / Siire¢ modelleme ve ontoloji gelistirmenin biitiinlesik yapilmasiyla bilgi
alimi safhasi tek bir defada yapilarak onemli isgiicii kazanmimi elde edilir. Alan
uzmanlariyla yapilacak goriismeler daha kisa siirede tamamlanmr, alan
uzmanlarimin islerinden kalmast engellenebilir ve alan uzmanlarimin ayni
sorularla birden fazla karsilasmasi onlenebilir.”

Another interviewee introduced a different point of view by suggesting effort savings

would be possible by enabling different teams to work on the shared aspects in two
artifacts:
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“Database team and web-services team would work together and they would not
have to model the same data several times. Besides, it (PROMPTUM method)
provides a method to enable the teams to work together asynchronously. /
Veritabani ekibiyle webservis ekibi beraber ¢alisir ve tekrar tekrar ayni veriyi
modellemezler. Ayrica, ekiplerin asenkron bir sekilde birarada c¢alisabilmeleri
icin (PROMPTUM method) bir yontem sunuyor.”

Automation: Another frequently mentioned benefit was related to the support to
automation potential. Interviewees’ claims about the automation potential range from
stating that the resulting process models and ontologies would be used in requirements
and design of information systems to suggesting that both products would be used for
execution purposes. In terms of the benefits to software development processes, one of
the interviewees stated that:

“It (PROMPTUM method and toolset) will provide an integration within software
development by enabling traceability, documentation, and verification of all
intermediate phases (e.g. analysis, design, testing). / Gereksinim analizinden,
yvazilim gelistivimine kadar tiim ara asamalarin (analiz, tasarim, test gibi)
izlenebilirligini, dokiimantasyonunu ve dogrulanmasint saglayarak yazilim
gelistirme i¢inde bir biitiinliik saglayacaktir.”

Gap in the tool market: Two of the interviewees highlighted that PROMPTUM toolset
has the potential to fill a gap in the software tools market. One of them stated that he had
not seen such a support in existing tools to support integrated process modeling and
ontology development. The other interviewee by focusing more on process modeling
support stated that:

“When we look at the market and the literature, it iS Seen that the systems or
methods, which provide data for process modeling activities or help in verification,
are inadequate. Thus, we can see that the method and tool produced would
contribute to compensating this deficiency. / Piyasaya ya da literatiire
baktigimizda siire¢ modelleme ¢alismalarina veri saglayacak ya da
dogrulamalarda yardimci olacak sistem ya da ydntemlerin yetersiz oldugu
goziikmektedir. Bu baglamda ortaya konulan yontem ve aracin bu eksikligin
giderilmesinde katki saglayacak bir ¢calisma oldugu goriilmektedir.”

Verification: In terms of the benefits to verification of the artifacts, two interviewees had
comments. As both interviewees highlighted the benefits to verification of process
models, one stated that:

“Ontology studies in the subject domain would be a source for verification about
the process (models). Subject domain related information and relationships in the
ontology would provide information about the missing or incorrect statements in
process flow or process business rules. / Siire¢ (modelleri) ile ilgili dogrulama

64



kaynaklarindan biri de konuyla ilgili ontoloji ¢alismalar: olabilir. Ontolojide yer
alan konuyla ilgili bilgi ve iliskiler siirecin akisi ya da siirecin is kurallarinda eksik
veya hatalr bir durum soz konusu olup olmadigu ile ilgili bilgi saglayabilir.”

The other interviewee agrees by stating that:

“The semantic constraints defined between concepts with ontologies would be
directly used in verification of process (models). The constraints in the ontology
will be guiding and prevent incorrect definitions to be made. / Ontolojiler ile
tamimlanan kavramlar arasindaki anlamsal kisitlar siireclerin (modellerinin)
dogrulanmasinda da dogrudan kullanilabilecektir. Ontolojideki Fkisitlar yol
gosterici olup, yanlis tamimlar yapilmasinin oniine gegecektir.”

Same interviewee in suggesting the benefits in verification of ontologies claimed that:

“(By using the process models) soundness of the ontology will be tested, and it
will be approved that the ontology corresponds the needs; completeness. / (Siireg¢
modelleri kullanilarak) ontolojinin gegerliligi test edilmis olacak; soundness, Ve
ihtiyaglari karsiladigi onaylanmis olacak; completeness.”

Definition (and making knowledge explicit): One of the perceived benefits three of the
interviewees were enthusiastic about was related to the definition of process and domain
knowledge. This benefit is mostly about how definition would lead to transforming
implicit knowledge about the process and domain to explicit knowledge. One interviewee
states that:

“It is not possible to represent all information regarding the process in process
models. When they are represented, it makes relationships and models so complex
to read that tracking the process flow, which is the main objective of modeling,
becomes impossible. On the other hand, it is necessary to keep some process
related information. This information is kept in process cards and process
attributes, but the relationships between these information and processes could not
be traced due to complexity and the relationships could not be maintained. Thus,
the ontologies provide a new manageable environment for providing and
managing the information needed to be kept on process (models), and tracing these
relationships. / Siire¢ modelleri iizerinde siire¢ ile ilgili her tiirlii bilgiyi yansitmak
miimkiin olmamamaktadir. Yansitilmaya c¢alisildiginda ise iliskiler ve model
okunmayacak karisiklikta ortaya ¢ikmakta modellemenin asil amact olan ig
akisimin takibini olanaksiz kilmaktadir. Diger taraftan da siireg ile ilgili bir takim
bilgileri tutmak gerekmektedir. Bu bilgiler siire¢ kartlar: denilen yapilarda ya da
stireg ozniteliklerinde takip edilmekte ancak bu bilgilerle siire¢ arasindaki iliskiler
karmagikliktan  dolayr  takip edilemeyecek ve iligkileri korunamayacak
durumdadir. Bu dogrultuda ontolojiler siire¢ (modelleri) iizerinde tutulmasi
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gereken bilgileri saglamada, yonetmede ve iliskilerini takip edecek yeni
yonetilebilir bir ortam saglamaktadir.”

Another interviewee agrees that PROMPTUM method and toolset would provide
improved definitions for process models by suggesting:

“It will become possible to define resources that are much far beyond the
definitions that would be made with regular process modeling languages. / Siradan
stire¢ modelleme dilleriyle yapilabilecek tamimlarin ¢ok daha étesinde kaynak
tanmimlamak miimkiin olacaktir.”

Yet, he also suggests an improvement proposal regarding definition of ontologies by
stating:

“Transferring process specific concepts (e.g. event, actor, process) to the
ontologies would directly bring in all the advantages | listed for ontologies to the
process modeling domain too. / Siire¢lere ézel kavramlari (6rnegin olay, aktor,
stire¢) da ontolojilere aktarvyor olmak ontoloji i¢in saydigim tiim avantajlar stire¢
modelleme alanina da dogrudan kazandiracaktir.”

Besides the perceived benefits described above based on the comments of several
interviewees, each of the following benefits were suggested by one of the interviewees.

Completeness: One interviewee mentioned that the completeness of process models
would improve by using PROMPTUM method and toolset. He stated that “percentage of
real life activities represented in process models would improve / siire¢ modellerinde
vansitilacak gercek hayattaki aktivitelerin yiizdesi artabilir”. He also argued that “the
most important effect on the process models would be the increased quality of models in
terms of completeness / siirec modelleri iizerinde en onemli etki tamlik agisindan
modellerin kalitesini arttirmak olacaktir’.

Ambiguity and Understandability: One of the interviewees claimed that the
understandability of the process models would improve, whereas ambiguity would
decrease with integrated process modeling and ontology development. He suggested that
“some terms in process models would not be understood, but a formal and structured
knowledge included in ontologies would help in decreasing the ambiguity and increase
the understandability / siire¢ modellerindeki bazi terimler anlasilmayabilir, ama
ontolojilerdeki formal ve yapisal bilgi muglakligr azaltmaya ve anlasilabilirligi
arttirmaya yardimci olabilir”.

Abstraction: A major benefit according to an interviewee would be about the abstraction
of domain knowledge from process knowledge. The interviewee claimed that the
PROMPTUM method and toolset would; “provide the process models an abstraction from
the variety of concepts and concept instances. For example, variety of “English
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proficiency exam types” would be handled as separated from process model development
| kavram ve kavram orneklerinin ¢esitliliginden siiregleri soyutlar. Ornegin, “Ingilizce
veterlilik sinav tiirlerinin” ¢esitliligi stire¢ modelleri geligtiriminden ayri ele alinabilir”.

Reuse: According to one of the interviewees the reuse of ontologies would improve
process modeling. He stated that; “by reusing the existing ontologies and integrating them
with process models, there would be effort savings in process modeling / mevcut
ontolojileri yeniden kullanarak ve siire¢ modelleriyle biitiinlestirerek, siire¢c modellemede
isgticii kazanglar saglanabilir”. He also suggested the benefits to the ontology as; “this
approach will help discovering the relationships between two concepts (e.g. abstraction
such as in rdfs:subClassOf property) and discovering semantic constraints / bu yaklasim
iki kavram arasindaki iliskileri (Ornegin, rdfs:subClassOf gibi soyutlama) ve anlamsal
kisitlart kesfetmeye yardimct olacaktir’.

Integration: An interviewee stated his belief that there would be improved integration
between process models. He claimed that; “the ontologies will provide a major
contribution to establishing relationships between pre-established process models / daha
once tamimlanmis stire¢ modelleri arasindaki baglantilarin kurulmasinda ontolojiler
onemli katki saglayacaktir”.

Change management (and maintenance): An interviewee stated that the benefits
regarding improved maintenance would be exiting for both process models and
ontologies. He suggested that; “changes in concepts will be easily propagated to process
models / kavramlardaki degisimi kolaylikla siirec modellerine dahil edebilecegiz”.
However, he also stated some drawbacks as; “reengineering should require caution and
some special tools as the change propagation would not be so smooth between two
artifacts. For example, the process models might demand such a concept that would
eliminate the old one and put two new concepts at its place in ontology. The opposite of
this would also be possible when process models might require major updates upon a
change in ontology / degisimi yansitmak iki tiriin arasinda ¢ok kolay olmayabilecegi i¢in
yeniden yapilandirma dikkat ve bazi 6zel araglar gerektirecektir. Ornegin, siire¢ modeli
oyle bir kavram talep eder ki mevcut kavram ortadan kalkacak ve yerine ontolojide iki
veni kavram gelecek. Tersi de gegerli; ontolojide degisiklik yaptigimizda siireg
modellerinde onemli giincellemeler gerekebilir”.

Modularity: An interviewee suggested that the modularity of different ontologies might
improve. He stated that; “it will guide ontology modularity by defining the concepts
belonging to different processes in different ontologies and therefore considering the
balance between high cohesion versus low coupling / farkli siire¢lerde kullanilan
kavramlarin farkli ontolojilerde tanimlanarak high cohesion vs low coupling dengisi goz
ontine alinarak ontoloji modiilerligine yol gosterecektir”.
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Adoption: According to an interviewee; “an ontology that is relatable to processes will
be easier to be adopted by external sources / siireclerle iliskilendirdigim ontoloji dis
kaynaklar tarafindan da kullanilabilir olacaktir’.

Required skills: An interviewee claimed that; “even a process analyst, who do not have
the ontology development skills, would enjoy the benefits of integrated process modeling
and ontology development. If there are existing ontologies, the process analyst would
perform process modeling by applying ontology reuse / ontoloji miihendisligi
yeteneklerine sahip olmayan bir siire¢ analisti bile biitiinlesik siire¢ modelleme ve ontoloji
gelistirmenin soz edilen fayalarina sahip olabilir. Halihazirda ontolojiler varsa, yeniden
kullanma avantaji ile siire¢c modelleyebilir”.

Reasoning: An interviewee stated that; “with the reasoning capabilities that come with
the ontologies, it would be possible to develop semi-smart mechanisms to be used in
execution of the processes / ontolojilerle gelen ¢ikarsama yetenekleri sayesinde siire¢lerin
isletiminde yart akilli mekanizmalarin gelistirilmesi saglanabilecektir”.

Complexity: As a possible detrimental effect of PROMPTUM method and toolset, one of
the interviewees claimed that complexity of process models would increase. He stated
that; “if the analyst tends to represent a lot of information (taken from the ontology) in
process models, the complexity of process models would grow exponentially / eger analist
siire¢ modellerinde ¢ok fazla bilgi géstermeye yonelirse, siire¢ modellerinin karmagsiklig
kontrolsiiz bir sekilde artar”. However, he also states that; “the extend of this detrimental
effect is strongly related to the experience level of the analyst and how the analyst sticks
to the development objectives of the process models / bu zararh etki, analistin tecriibesi
ve siire¢ modellerinin gelistirme hedeflerine bagl kalmasina giic¢lii bir gsekilde
bagimlidir’.

6.4 Overall Findings of the Explanatory Study

In scope of evaluationg the research outputs of this study, an explanatory study including
two case studies (i.e. one for separate development and one for integrated development)
and a semi-structured interview was performed and analyzed. The overall findings
identified in addressing the four research questions in explanatory study are discussed
below:

= Process models and ontologies developed as integrated with PROMPTUM method
and toolset are more consistent with each other than separately developed process
models and ontologies.

= In terms of validity of the artifacts, which is an aspect of semantic quality,
evaluation results show that process models and ontologies developed integrated
do not include more incorrect information that the ones developed separately.

= Again in terms of validity of the artifacts, process models developed as integrated
with an ontology are slightly more internally consistent than the process models
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developed with traditional approaches. However, the ontologies that are developed
integrated with process models and separately do not differ in terms of internal
consistency.

Evaluation results reveal that both ontologies and process model collections
developed by using PROMPTUM method and toolset were evaluated better in
terms of completeness, which is an aspect of the semantic quality of the artifacts,
than their counterparts that were developed separately. So, a claim that can be
made based on the evaluation results is that PROMPTUM method and toolset
helps improve the completeness of resulting process modeling and ontologies.
Another finding based on evaluation results suggests that integrated development
with PROMPTUM method and toolset would not require more development effort
compared to the total required development effort for separated process modeling
and ontology development.

According to the results of a semi-structured interview and comments of several
interviewees, PROMPTUM method and toolset would potentially provide
improved information discovery, consistency between different artifacts, required
development effort, automation potential, tool market diversification, verification
of the artifacts, and definition of knowledge.

Although they were not suggested by more than one interviewees, the following
potential benefits of PROMPTUM method and toolset were also claimed,;
improved completeness of products, abstraction, reuse, integration opportunities
between process model collections, change management and maintenance,
modularity of ontologies, adoption of ontologies, and reasoning, decreased
ambiguity and increased understandability in products, and not necessitating
ontology engineering skills for using the method and toolset in process modeling.
The interviewees asserted the benefits suggested by the case studies in explanatory
study, which are improved consistency between process models and ontologies,
improved semantic quality in terms of completeness, and the integrated
development not exceeding the total effort requirements for separate development.
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CHAPTER 7

CONCLUSION

In this study, PROMPTUM method and toolset for integrated business process modeling
and ontology development are described. The implications of using the proposed method
and toolset were investigated in exploratory and explanatory studies. In this chapter, the
results and findings of the research is discussed, and then the limitations of the study and
recommendations for future research are presented.

7.1 Contributions

The exploratory study performed in the initial phases of this research was aiming at
revealing the necessity of methodological and software support for integrated business
process modeling and ontology development. Two case studies were performed by using
state of the art tools, languages, and methods in process modeling and ontology building.
In one of the case studies the process modeling and ontology building activities were
performed simultaneously, while in the other case study an ontology was built by utilizing
the process knowledge in an existing process model collection. The analysis and results
of the exploratory study revealed that ontologies and process models developed for same
or similar domains would be highly cohesive in terms of semantics. To be exact, the
number of instances where ontology resources would share the same semantic meaning
with the labels, and terms and phrases within the labels of process models and process
model elements was high. This result led to a finding regarding the high cohesion between
process models and ontologies in same or similar domains that justify the necessity of
integrated business process modeling and ontology development. The other contribution
of the exploratory study results was in identifying the requirements of tool support for
integrated business process modeling and ontology development. This is also a
contribution since neither such tool support nor the expectations from the tool support
exist in the state of the art.

The methodological support for integrated business process modeling and ontology
development in the state of the art is scarce. Fan et al. (2016) provides a method for process
modeling by using existing ontology resources in labeling process model elements.
However, they do not describe how to develop process model collections and ontologies
together and how to build ontologies by utilizing the labels in existing process model
collections. Another related study by Cherfi et al. (2013) describes matching rules between
ontology resources and labels in process model collections, but does not provide a method
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for integrated development. Moreover, none of the studies describe the matching between
ontology resources, and terms and phrases within labels in process model collections. The
PROMPTUM method developed in this study brings together best practices and methods
from the state of the art in ontology development and business process modeling
disciplines. It provides the guidance needed for integrating business process modeling and
ontology development. Aside from being a pioneer method for supporting integrated
process modeling and ontology development, one of the PROMPTUM method’s
contributions is in integrating shared development processes and activities in process
modeling and ontology building such as scope definition, reuse, information elicitation,
verification, and validation for guiding integrated development. Another contribution is
in guiding associating labels, and terms and phrases within labels in process model
collections with ontology resources.

Tool support for process modeling and ontology building is sufficiently many and diverse
in the state of the art. However, in terms of label based associations between process
models and ontologies, which is important for supporting integrated development as
identified in exploratory study, there are no tool support available in reviewed academic
literature and commercial tools. The PROMPTUM toolset’s contribution in this sense is
in enabling the management of labels, and terms and phrases within labels in process
model collections with ontology resources. Thus, the features provided by PROMPTUM
toolset enables consistency in synchronizing the ontology resources and terms in process
model collections. Moreover, the PROMPTUM toolset enables descriptions for ontology
resources and process model elements managed synchronously.

PROMPTUM method and toolset together provides guidance and support for integrated
process modeling and ontology development. Their value in filling a gap in state of the
art can be explained with respect to the challenges in semantic process modeling identified
by Mendling et al. (2014). With respect to these challenges, PROMPTUM method and
toolset provides resolutions for identifying semantic components of labels (C1 in
Mendling et al. (2014)), recognizing the meaning of terms from labels (C3), identifying
homonymous or synonymous terms (C4), assessing the similarity of labels (C6), and
discovering an ontology by using process models (C24).

The explanatory study aimed at identifying the benefits of integrated process modeling
and ontology development with the support of PROMPTUM method and toolset. The two
case studies; one for separate development of process models and an ontology, and the
other for integrated process modeling and ontology development were utilized in
identifying these benefits by enabling the opportunity to compare and contrast separated
and integrated development practices and products. The results of the explanatory study
revealed that consistency between process models and ontologies developed as integrated
tend to be more consistent with each other than the ones developed as separated. Another
important finding suggested that semantic quality of process models and ontologies
developed as integrated tend to be higher especially in terms of completeness of these
artifacts. Regarding the development effort, results suggested that integrated development
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would not require more effort than the total effort required for separate development of
process model collections and ontologies. Comments of practitioners from the industry
participated in a semi-structured interview asserted these benefits (i.e. regarding internal
consistency, completeness of artifacts, and development effort). The results of the semi-
structured interview suggested that integrated process modeling and ontology
development with the support of PROMPTUM method and toolset would provide other
benefits compared to separate development such as improved information discovery,
automation potential, tool market diversification, verification of the artifacts, and
definition of knowledge.

7.2 Limitations and Future Work

A limitation of this study lies in its capability to generalize the findings to wider domains.
The validation of this study relies on case study research, which is costlier in terms of time
and effort required than many other research methods such as surveys and laboratory
experiments. So, for specifying the implications of the research that would be
generalizable to several organization types and situations, increasing the number and
diversity of case studies would not always be feasible. As a result, the applicability and
benefits of the research products would not be validated enough to assure generalizability.
To improve generalizability in this study, the case study method was complemented with
another research method (i.e. semi-structured interview) in explanatory study. Moreover,
even if the PROMPTUM method and toolset were not used in exploratory study, the
exploratory study provides two more case studies revealing the applicability of integrated
process modeling and ontology development. Still, as for many case study based research,
to further validate the applicability and benefits of the PROMPTUM method and toolset
and to improve generalizability, the number and diversity of case studies would be
increased.

Another limitation of this study is that the resulting artifacts produced in case studies are
yet used for automation and business goals. A major goal of ontologies is to use them in
semantic web applications. Business process models are also used in information system
development either by requirements analysis or process execution. Also both artifacts are
useful in serving business goals by supplying domain and process related knowledge in
guiding daily operations. So, a limitation is that we have not observed and analyzed the
benefits and shortcomings of the ontologies and process model collections developed with
PROMPTUM method and toolset in action where they are actively used for the purposes
they are developed for.

The PROMPTUM method and toolset would also potentially support process modeling
by using existing ontologies and ontology development by using process models. Similar
applications in this sense were performed in exploratory study using traditional methods,
tools, and intuition to develop an ontology by using existing process models and by Fan
et al. (2016) in process modeling via using existing ontologies. These applications would
be considered as evidence that it would be possible the PROMPTUM method and toolset
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would be used in developing one of the artifact types by using an existing other. However,
we have not applied PROMPTUM method and toolset for these purposes yet and not
observed the potential benefits and pitfalls. Therefore, application of PROMPTUM
method and toolset in process modeling by using existing ontologies and vice versa is
required to make valid claims regarding this issue.

This study does not cover the recommendations for discovering ontology resources or
process model elements via the support of artificial intelligence and expert system
technologies. Like in traditional development approaches, the discovery of related
artifacts is in responsibility of the analysts. So, the effectiveness of discovery is strongly
tied to the capabilities of the analysts.

The method and tool support in this study supports defining the process and domain
related knowledge in organizations. Development of domain ontologies would
complement the informational perspective of process models by also abstracting this
perspective from process models. This would have implications in terms of process
improvement, which is one of the main goals of defining processes. The implications
regarding using PROMPTUM method and toolset for process improvement purposes are
not addressed in this study and needs to be identified via further research.

Future studies might be designed to improve the method and toolset presented in this study
or to introduce new ideas that build upon the ones in this study. Some of the future work
ideas that can be in our research agendas are as follows:

= Currently PROMPTUM toolset relies on the analyst to find and associate the terms
in ontologies and process model collections. A dynamic search feature enabling to
search terms and phrases in ontologies and process model collections would help
in improving discovery and preventing mistakes.

= UPROM, which is the process modeling component of PROMPTUM toolset,
supports diagram types such as EPC, VC, and FT. Integrating other mainstream
process modeling languages such as BPMN and UML Activity Diagram to
UPROM would also integrate these languages to PROMPTUM toolset. As
theoretically the PROMPTUM method and toolset is process modeling language
independent, this improvement would extend the usage rate of the outputs of this
study and would help in reaching a wider audience of practitioners.

= The PROMPTUM method encourages ontology reuse, which is a critical practice
is ontology engineering. The PROMPTUM toolset enables reuse by manually
adding the resources to be used. An RDF or OWL importer would ease ontology
reuse with the PROMPTUM toolset.

= Ontologies in theory and practice can incorporate a wide variety of relationships
between concepts and semantic constraints. Some of these relationships defined as
properties in ontologies, would enrich the process knowledge if they are
represented on related elements of process models. An exploratory study would
reveal such properties that would enrich the process models and an enhancement
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of the PROMPTUM toolset would enable them to be managed synchronously with
ontologies.

Ontologies that represent process knowledge based on meta-models of process
modeling languages was a direction we avoided in this study. We avoided this
since the ontology resources based on process modeling language meta-models
would contradict with the goals of domain ontologies. However, in semi-
structured interviews, an interviewee suggested that some ontologies would better
represent some process related information such as in which processes a resource
exists and with which activities a resource representing an information carrier is
related to. So, extending this study by offering the option to represent process
related meta data in ontologies would be a future study. However, the analyst, who
controls the scope of ontologies, should decide which meta data to be represented
and the operational scenarios of this extension should be depicted with care in
order not to damage the abstraction of process models and ontologies.
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APPENDICES

Appendix A — Development Life Cycle Models Guideline

Following life-cycle models are adapted from software engineering. Guidelines for
Waterfall, Incremental, and Evolutionary development life-cycle models are provided
below.

Waterfall Life-Cycle Model:

All steps are performed sequentially in Waterfall (Royce, 1987) life-cycle. In certain
cases, some activities could be performed in parallel.

[ Scope Definition j

v

Preliminary Analysis

[ Exploration

v

Verification

v

[ Validation ]

p S

= N
, S
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Incremental Life-Cycle Model:

Incremental (McCracken & Jackson, 1982) is a life-cycle model where intended products
are developed with a series of planned revisions. First revision includes a part of the scope,
next revision includes another part, and so revisions follow one another until whole
products are developed. Some steps such as scope definition and preliminary analysis are
performed once whereas other steps are repeated for each revision.

Several revisions could be developed in parallel.

[ Scope Definition ]

[Preliminary Analysis]
Revision-1
v
[ Exploration ] Revision-2
¢ Revision-n
Verification ] v
v ~
¢ Exploration
.
Validation ¢
~
Verification v
. J
¢ Exploration
7 ~
Validation L
J
Verification
Validation
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Evolutionary Life-Cycle Model:

Evolutionary life-cycle model (May & Zimmer, 1996) is also based on revision. Its
difference from the Incremental model is that it is used in situations where scope (goals
and competency questions) cannot be completely understood or established at the

beginning of development. Within this model, competency questions are elaborated before
each revision.

Similar to Incremental model, several revisions could be developed in parallel.

Scope Definition

Preliminary Analysis

)
S

".' ¢ ‘b( Scope Definition }
[—
:8 [ Exploration ] ¢
>
[}
= ¢ [PreliminaryAnalysis]
[ Verification j & ¢ ‘{ Scope Definition j
¢ -§ [ Exploration ] ¢
Validation = ¢ [PreﬁminaryAnalysisj
Verification
[ ] < ¢
¢ 8 [ Exploration j
[ Validation ]— é ¢
[ Verification j
[ Validation j
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Appendix B — Goal Definition Form

Goal no.

Date

Revision

1-Goal Definition:
Goal of the products to be developed is summarized in one or a few sentences.
2-Goal Description:

Basic functions and concepts that are within and out of scope, and functional properties
of the products to be developed are summarized.

3-Competency Questions:

Questions, which shall be provided answers for by the intended products, are defined.
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Appendix C — Information Elicitation Methods

Some discovery methods for eliciting information are (Dumas et al., 2013):

Evidence-based discovery: Domain and process related information are gathered
by studying on existing information sources. There are three sub-methods:

©)

©)

Document analysis: Domain and process related information is elicited by
analyzing documented sources.

Observation: Domain and process related information is elicited by
observing real processing or a simulation of the organization.

Automated discovery: It includes usage of the methods and techniques
within process mining based on event logs, and ontology learning for
building or extending ontologies. Automation depends on other domains
such as natural language processing, data mining and automated learning.
Automated discovery techniques can be applied to structured (e.g.
databases), semi-structured (e.g. HTML or XML files), and unstructured
(e.g. textual) documents (Wréblewska, Podsiadty-Marczykowska,
Bembenik, Protaziuk, & Rybinski, 2012).

Interview-based discovery: It includes interviews conducted with domain experts.
Workshop-based discovery: It’s a method that includes more participants
compared to interview-based discovery. During workshop sessions process
modeling and ontology building are usually performed and instantaneous
feedbacks are received.
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Appendix D - Functional Specifications

Functional specifications of the PROMPTUM Process Modeling Plugin are provided with
use case specifications below.

Ontology selection operations:

D

Use Case 1: Select ontology

ﬁ;(;}ngase Select ontology
Use Case Selecting ontologies to be developed integrated with
Description business process models.
Scope System
Level Analyst goal
Zﬂ{g?ry Analyst

. Business process modeling project is created on
Preconditions UPROM.
Success End | Business process modeling project and ontology are
Condition associated.

1 Analyst enters the ontology address, selects

project and clicks “Add Ontology” button
System associates the ontology with the business
2 | process modeling project and adds ontology’s
name to “Select Ontology” list

Analyst proceeds without selecting business
process modeling project

lal. System displays “You should choose a
Extensions process modeling project first” message and
returns to its initial status

Analyst proceeds without entering an ontology
address

Main Success
Scenario

la

2a
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2bl. System displays “You should specify an
ontology address” message and returns to its
initial status

Special
Requirements

Process model related operations:

PROMPTUM

Analyst

Use Case 2: Add a new ontology resource related to the process model

Use Case Add a new ontology resource related to the process
Name model
Use Case Adding a new ontology resource that represent the
Description same real-world object as a process model
Scope System
Level Analyst goal
'Iz\r(:{g?ry Analyst
Process model is created in UPROM.
P o\ An ontology is associated with the process modeling
reconditions

project and its name is displayed in “Select
Ontology” list.

Success End
Condition

Ontology resource is created on Ontology Server.
Process model and ontology resource are associated.
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Main Success
Scenario

Analyst selects a process model in “package
explorer”

Analyst selects an ontology from “Select
Ontology” list, selects “Process” and clicks
“Add Resource (related to a ...)” button

System, creates an ontology resource in
ontology server having the same name as the
process model

System displays name of the ontology resource
in “linked resources list”

Extensions

la

Analyst proceeds without selecting process
model and clicks “Add Resource (related to a
...)” button

lal. System displays “You should choose a
process model element or process model first”
message and returns to its initial status

2a

Analyst selects a process model already related
to a resource

2al. System displays “Resource already exists”
message and returns to its initial status

2b

Analyst selects a process model having the same
label to an existing ontology resource but not
related to it and clicks “Add Resource (related to
a ...)” button

2bl. System establishes the relation between
process model and ontology resource

2b2. System displays ontology resource in
“linked resources list”

2C

Analyst proceeds without selecting an ontology
from “Select Ontology” list clicks “Add
Resource (related to a ...)” button

2¢1. System displays “You should choose an
ontology” message

Special
Requirements

Use Case 3: Update ontology resource related to the process model

Use Case Update ontology resource related to the process
Name model

Use Case Updating an ontology resource representing the same
Description real-world object as a process model

Scope System
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Level Analyst goal
Primary
Actor Analyst

Preconditions

Process model is created in UPROM.
Ontology resource is created on Ontology Server.
Process model and ontology resource are associated.

Success End
Condition

Process model and ontology resource labels are
changed.

1 | Analyst changes the label of the process model

Analyst performs “Delete ontology resource

Main Success | 2 »
g related to the process” use case
Scenario —
3 Analyst performs “Add a new ontology resource
related to the process” use case
Extensions -
Special

Requirements

Use Case 4: Delete ontology resource related to the process model

Use Case Delete ontology resource related to the process
Name model

Use Case Deleting an ontology resource representing the same
Description real-world object as a process model

Scope System

Level Analyst goal

Zré;g?ry Analyst

Preconditions

Process model is created in UPROM.
Ontology resource is created on Ontology server.
Process model and ontology resource are associated.

Success End
Condition

Ontology resource is deleted on Ontology server.

Main Success

Analyst selects a process model from “package
1 | explorer” or ontology resource from “linked
resources list”

2 | Analyst clicks “Delete Resource” button

Scenario 3 System deletes the ontology resource on
Ontology Server
4 System removes name of the deleted resource
from “linked resources list”
1a Analyst selects a process model not related to an
Extensions ontology resource

lal. Analyst clicks “Delete Resource” button
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1a2. System displays “There is no related
ontology resource” message and returns to its
initial status

1b

Analyst proceeds without selecting a process
model or ontology resource

1bl. System displays “You should choose a
process model element, process model or
ontology resource first” message and returns to
its initial status

Special
Requirements

Use Case 5: Unlink ontology resource and process model

8 R Unlink ontology resource and process model
Name

Use Case Unlinking a process model and ontology resource
Description representing the same real-world object

Scope System

Level Analyst goal

Zrétmo?ry Analyst

Preconditions

Process model is created in UPROM.
Ontology resource is created on Ontology Server.
Process model and ontology resource are associated.

Success End
Condition

Association between ontology resource and process
model is removed.

Main Success
Scenario

1

Analyst selects a process model from “package
explorer” or ontology resource from “linked
resources list”

2

Analyst clicks “Unlink Resource” button

System removes the association between process
model and ontology resource

System removes ontology resource’s name from
“linked resources list”

Extensions

la

Analyst selects a process model not related to an
ontology resource

lal. Analyst clicks “Unlink Resource” button

1a2. System displays “There is no related
ontology resource” message and returns to its
initial status

1b

Analyst proceeds without selecting a process
model or ontology resource

96




Ibl. System displays “You should choose a
process model element, process model or
ontology resource first” message and returns to
its initial status

Special
Requirements

Use Case 6: Delete process model related to an ontology resource

lI\Jl:?n(gase Delete process model related to an ontology resource
Unlinking process model and ontology resource

Use Case - .

Descrinti representing the same real-world object when the

escription )

process model is deleted

Scope System

Level Analyst goal

Primary

Actor Analyst

Preconditions

Process model is created in UPROM.
Ontology resource is created on Ontology Server.
Process model and ontology resource are associated.

Success End
Condition

Association between ontology resource and process
model is removed.
Process model is deleted.

Main Success
Scenario

1 | Analyst deletes the process model

2 Analyst performs “Unlink ontology resource and
process” use case

Extensions

Special
Requirements

Use Case 7: Rename a process model related to an ontology resource

Use Case Rename a process model related to an ontology
Name resource

Use Case Updating ontology resource upon renaming process
Description model representing the same real-world object
Scope System

Level Analyst goal

;’ggsry Analyst

Preconditions

Process model is created in UPROM.
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Ontology resource is created on Ontology Server.
Process model and ontology resource are associated.

Success End
Condition

Names of process model and ontology resource are
changed.

1 | Analyst renames the process model

Analyst performs “Delete ontology resource

Main Success | 2 .
: related to the process” use case
Scenario —
3 Analyst performs “Add a new ontology resource
related to the process” use case
Extensions -
Special

Requirements

Use Case 8: Synchronize the ontology resource deletion on the related process model

Use Case Synchronize the ontology resource deletion on the
Name related process model
Removing association between process model and
Use Case i
" ontology resource upon deletion of related ontology
Description
resource
Scope System
Level Analyst goal
Primary
Actor Analyst

Preconditions

Process model is created in UPROM.
Ontology resource is deleted in Ontology Server.
Process model and ontology resource are associated.

Success End
Condition

Association between ontology resource and process
model is removed.

Analyst clicks “Sync with Ontology Server”

1
button
Main Success 9 System removes the association between process
Scenario model and ontology resource
3 System removes ontology resource’s name from
“linked resources list”
Extensions  (—
Special

Requirements
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Process model element related operations:

PROMPTUM

Analyst

Use Case 9: Add a new ontology resource related to the process model element

Use Case Add a new ontology resource related to the process
Name model element
Use Case Adding a new ontology resource related to the

process model element representing the same real-

Description world object
Scope System
Level Analyst goal
Primary

Actor Analyst

Process model element is created in UPROM.
Preconditions | Ontologies are associated with process modeling
project and displayed in “Select Ontology” list.
Ontology resource is created on Web Protégé.
Process model element and ontology resource are
associated.

1 | Analyst selects process model element
Analyst selects an ontology from “Select

5 Ontology” list, clicks “Element” button and
then clicks “Add Resource (related to a ...)”
button

Success End
Condition

Main Success
Scenario
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System creates an ontology resource by the

3 | same name as the selected process model
element

System displays added ontology resource in
“linked resources list”

Analyst proceeds without selecting a process
model element

lal. System displays “You should choose a
process model element or process model first”
message and returns to its initial status

Analyst selects a process model element that
2a | already has an association with an ontology
resource

2al. System displays “Resource already exists”
message and returns to its initial status
Extensions Analyst selects a process model element having
2b | the same label to an existing ontology resource
but not related to it

2bl. System establishes association between
process model element and ontology resource
2b2. System displays ontology resource in
“linked resources list”

Analyst proceeds without selecting an ontology
from “Select Ontology” list

2cl. System displays “You should choose an
ontology” message

la

2C

Special
Requirements

Use Case 10: Update ontology resource related to the process model element

Use Case Update ontology resource related to the process
Name model element
Use Case Updating process model element and ontology
Description resource representing the same real-world object
Scope System
Level Analyst goal
Primary
Actor Analyst

Process model element is created in UPROM.

" Ontology resource is created on Ontology Server.

Preconditions

Ontology resource and process model element are

associated.
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Success End
Condition

Names of process model element and ontology
resource are changed.

Main Success
Scenario

1 Analyst selects process model element or
ontology resource from “linked resources list”

Analyst enters resource’s new label in text field

System changes name of the ontology resource

2
3 Analyst clicks “Update Resource” button
4 on Ontology Server

System displays updated label of the resource
in “linked resources list”

System changes label of all individuals
belonging to the same process model element

System displays updated label of the process
model element in UPROM

Extensions

Analyst selects a process model element not

1a related with an ontology resource

lal. Analyst clicks “Update Resource” button

la2. System displays “There is no related
ontology resource” message and returns to its
initial status

Analyst proceeds without selecting a process

1b
model element or ontology resource

1bl. System displays “You should choose a
process model element, process model or
ontology resource first” message and returns to
its initial status

Special
Requirements

Use Case 11: Delete ontology resource related to the process model element

Use Case Delete ontology resource related to the process model
Name element

Use Case Deleting the ontology resource representing the same
Description real-world object as a process model element

Scope System

Level Analyst goal

i:{gfry Analyst

Preconditions

Process model element is created in UPROM.
Ontology resource is created on Ontology Server.
Ontology resource and process model element are
associated.
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Success End
Condition

Ontology resource is deleted on Ontology Server.

Main Success
Scenario

Analyst selects process model element or
ontology resource from “linked resources list”

2 | Analyst clicks “Delete Resource” button

System deletes related ontology resource on
Ontology Server

System removes deleted resource’s name from
“linked resources list”

Extensions

Analyst selects a process model element not

1 related with an ontology resource

lal. Analyst clicks “Delete Resource” button

la2. System displays “There is no related
ontology resource” message and returns to its
initial status

Analyst proceeds without selecting a process

1b
model element or ontology resource

1bl. System displays “You should choose a
process model element, process model or
ontology resource first” message and returns to
its initial status

Special
Requirements

Use Case 12: Unlink ontology resource and process model element

lNszn(é‘,ase Unlink ontology resource and process model element
Use Case Unlinking a process model element and ontology
Description resource representing the same real-world object
Scope System

Level Analyst goal

Primary

Actor Analyst

Preconditions

Process model element is created in UPROM.
Ontology resource is created on Ontology Server.
Ontology resource and process model element are
associated.

Success End
Condition

Association between ontology resource and process
model element is removed.

Main Success
Scenario

1 Analyst selects a process model element or an
ontology resource from “linked resources list”

2 | Analyst clicks “Unlink Resource” button
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System removes the association between process
model element and ontology resource

System removes ontology resource’s name from
“linked resources list”

Extensions

Analyst selects a process model element not

la related with an ontology resource

lal. Analyst clicks “Unlink Resource” button

1a2. System displays “There is no related
ontology resource” message and returns to its
initial status

Analyst proceeds without selecting a process

1b
model element or ontology resource

1b1. System displays “You should choose a
process model element, process model or
ontology resource first” message and returns to
its initial status

Special
Requirements

Use Case 13: Delete process model element related to an ontology resource

Use Case Delete process model element related to an ontology
Name resource

Unlinking process model element and ontology
Use Case . :

- resource representing the same real-world object

Description .

when the process model is deleted
Scope System
Level Analyst goal
Primary
Actor Analyst

Preconditions

Process model element is created in UPROM.
Ontology resource is created on Ontology Server.
Ontology resource and process model element are
associated.

Success End
Condition

Association between ontology resource and process
model element is removed.
Process model element is deleted.

Main Success
Scenario

1 Analyst deletes the last individual belonging to
the process model element

System removes the association between deleted
process model element and ontology resource

3 System removes ontology resource’s name from
“linked resources list”
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Extensions

Special
Requirements

Use Case 14: Rename a process model element related to an ontology resource

Use Case Rename a process model element related to an
Name ontology resource
Updating ontology resource upon renaming process
Use Case .
o model element representing the same real-world
Description .
object
Scope System
Level Analyst goal
Primary
Actor Analyst

Preconditions

Process model element is created in UPROM.
Ontology resource is created on Ontology Server.
Ontology resource and process model element are
associated.

Success End
Condition

Labels of process model element and ontology
resource are changed.

1 | Analyst renames the process model element

System changes the label of the resource in

2 Ontology Server
Main Success | 3 fystem displays upda}fed label of the resource in
Scenario linked resources list -
4 System changes labels of all individuals of the
process model element in UPROM
5 System displays updated label of the process
model element in UPROM
Extensions -
Special

Requirements

Use Case 15: Synchronize the ontology resource deletion on the related process model

element

Use Case
Name

Synchronize the ontology resource deletion on the
related process model element
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Removing association between process model

Use Case )
" element and ontology resource upon deletion of
Description
related ontology resource
Scope System
Level Analyst goal
Primary
Actor Analyst
Process model element is created in UPROM.
Preconditions Ontology resource is updated in Ontology Server.

Ontology resource and process model element are
associated.

Success End
Condition

Association between ontology resource and process
model element is removed.

Analyst clicks “Sync with Ontology Server”

1
button
Main Success 5 System removes the association between process
Scenario model element and ontology resource
3 System removes ontology resource’s name from
“linked resources list”
Extensions  —
Special i
Requirements

Terms within process model label related operations:

PROMPTUM

Analyst
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Use Case 16: Add a new ontology resource related to a term within process model label

Use Case Add a new ontology resource related to a term within
Name process model label
Adding a new ontology resource representing the
Use Case . o
A same real-world object a term within process model
Description
label
Scope System
Level Analyst goal
Primary
Actor Analyst

Preconditions

Process model is created in UPROM.
Ontologies are associated with process modeling
project and displayed in “Select Ontology” list.

Success End
Condition

Ontology resource is created on Ontology Server
Ontology resource and the term within process model
label are associated

Main Success
Scenario

1 | Analyst selects a process model

Analyst selects an ontology from “Select
Ontology™ list, clicks “Process” button and then
2 | clicks “Add Resource (related to a concept
within ...)” button and enters the term in pop-
up menu

System creates an ontology resource by the
3 | same name as the selected term within process
model label

System displays added ontology resource in
“linked resources list”

Extensions

Analyst proceeds without selecting a process

la model

lal. System displays “You should choose a
process model element or process model first”
message and returns to its initial status

Analyst selects a term within process model
2a | label that already has an association with an
ontology resource

2al. System displays “Resource already exists”
message and returns to its initial status

Analyst selects a term within process model
2b | label having the same name to an existing
ontology resource but not related to it

2b1. System establishes association between
term and ontology resource

106




2b2. System displays ontology resource in
“linked resources list”

Analyst proceeds without selecting an ontology

2C from “Select Ontology” list

2cl. System displays “You should choose an
ontology” message and returns to its initial
status

Special
Requirements

Use Case 17: Update ontology resource related to a term within process model label

Use Case Update ontology resource related to a term within
Name process model label
Updating the term within process model label and
Use Case )
- ontology resource representing the same real-world
Description .
object
Scope System
Level Analyst goal
Primary
Actor Analyst

Preconditions

Process model is created in UPROM.

Ontology resource is created on Ontology Server.
Ontology resource and the term within process model
label are associated.

Success End
Condition

Names of the term and ontology resource are
changed.

Main Success

1 | Analyst changes the process model label

Analyst performs “Add a new ontology resource
2 | related to a term within process model label” use
case

Scenario
Analyst performs “Delete ontology resource
3 | related to a term within process model label” use
case
Extensions
Special

Requirements

Use Case 18: Delete ontology resource related to a term within process model label

Use Case
Name

Delete ontology resource related to a term within
process model label
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Use Case Deleting an ontology resource representing the same
Description | real-world object as term within process model label
Scope System

Level Analyst goal

Primary

Actor Analyst

Preconditions

Process model is created in UPROM.

Ontology resource is created on Ontology Server.
Term within process model label and ontology
resource are associated.

Success End
Condition

Ontology resource is deleted on Ontology Server.

Main Success
Scenario

Analyst selects ontology resource from “linked

1 H 29
resources list

2 | Analyst clicks “Delete Resource” button

System deletes the ontology resource on
Ontology Server

System removes name of the deleted resource
from “linked resources list”

Extensions

Analyst selects a term not related to an ontology
resource

la

lal. Analyst clicks “Delete Resource” button

la2. System displays “There is no related
ontology resource” message and returns to its
initial status

1b | Analyst proceeds without making a selection

1bl. System displays “You should choose a
process model element, process model or
ontology resource first” message and returns to
its initial status

Special
Requirements

Use Case 19: Unlink ontology resource and term within process model label

Use Case Unlink ontology resource and term within process
Name model label

Unlinking a term within process model label and
Use Case .

" ontology resource representing the same real-world

Description .

object
Scope System
Level Analyst goal
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Primary
Actor

Analyst

Preconditions

Process model is created in UPROM.

Ontology resource is created on Ontology Server.
Term within process model label and ontology
resource are associated.

Success End
Condition

Association between the term within process model
label and ontology resource is removed.

Main Success
Scenario

1 Analyst selects ontology resource from “linked
resources list”

2 | Analyst clicks “Unlink Resource” button

System removes the association between the
3 | term within process model label and ontology
resource

System removes ontology resource’s name from
“linked resources list”

Extensions

Analyst selects a term not related to an ontology
resource

la

lal. Analyst clicks “Unlink Resource” button

la2. System displays “There is no related
ontology resource” message and returns to its
initial status

1b | Analyst proceeds without making a selection

1bl. System displays “You should choose a
process model element, process model or
ontology resource first” message and returns to
its initial status

Special
Requirements

Use Case 20: Delete term within process model label related to an ontology resource

Use Case Delete term within process model label related to an

Name ontology resource
Unlinking term within process model label and

Use Case X

Description on?ology resource representing the same real-world
object when the term is deleted

Scope System

Level Analyst goal

Z:{gfry Analyst

Preconditions

Process model is created in UPROM.
Ontology resource is created on Ontology Server.
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Term within process model label and ontology
resource are associated.

Success End
Condition

Association between the term within process model
label and ontology resource is removed.

Analyst deletes the term within process model

Main Success ! label

Scenario 5 Analyst performs “Unlink ontology resource and
term within process model label” use case

Extensions  —

Special

Requirements

Use Case 21: Rename term within process model label related to an ontology resource

Use Case Rename term within process model label related to
Name an ontology resource
Removing association between the term within
Use Case process model label and ontology resource
Description representing the same real-world object upon
renaming the term
Scope System
Level Analyst goal
Zré;g?ry Analyst

Preconditions

Process model is created in UPROM.

Ontology resource is created on Ontology Server.
Term within process model label and ontology
resource are associated.

Success End
Condition

Association between the term within process model
label and ontology resource is removed.

Main Success

1 Analyst renames the term within process model
label

Analyst performs “Delete ontology resource
2 | related to a term within process model label” use

Scenario case
Analyst performs “Add a new ontology resource
3 | related to a term within process model label” use
case
Extensions  —
Special

Requirements
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Use Case 22: Unlink term within process model label upon deletion of related ontology

resource
Use Case Unlink term within process model label upon
Name deletion of related ontology resource
Removing association between the term within
Use Case process model label and ontology resource
Description representing the same real-world object upon
deletion of ontology resource
Scope System
Level Analyst goal
ZFCI{E?W Analyst

Preconditions

Process model is created in UPROM.

Ontology resource is created on Ontology Server.
Term within process model label and ontology
resource are associated.

Success End
Condition

Association between the term within process model
label and ontology resource is removed.

Main Success

1 Analyst clicks “Sync with Ontology Server”
button

System removes the association between the term

. 2 .
Scenario within process model label and ontology resource
3 System removes ontology resource’s name from
“linked resources list”
Extensions  —
Special

Requirements
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PROMPTUM

Terms within process model element label related operations:

Use Case 23: Add a new ontology resource related to a term within process model

element label

Use Case Add a new ontology resource related to a term within
Name process model element label

Adding a new ontology resource representing the
Use Case . s

L same real-world object a term within process model

Description

element
Scope System
Level Analyst goal
Primary
Actor Analyst

Preconditions

Process model element is created in UPROM.
Ontologies are associated with process modeling
project and displayed in “Select Ontology” list.

Success End
Condition

Ontology resource is created on Ontology Server
Ontology resource and the term within process model
element are associated

Main Success
Scenario

1 | Analyst selects process model element

Analyst selects an ontology from “Select
Ontology” list, clicks “Element” button and then
2 | clicks “Add Resource (related to a concept
within ...)” button and enters term in pop-up

menu
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System creates an ontology resource by the

3 | same name as the selected term within process
model element label

System displays added ontology resource in
“linked resources list”

la | Analyst proceeds without selecting a term

lal. System displays “You should choose a
process model element or process model first”
message and returns to its initial status
Analyst selects a term within process model
2a | element label that already has an association
with an ontology resource

2al. System displays “Resource already exists”
message and returns to its initial status
Analyst selects a term within process model
Extensions 2b | element label having the same name to an
existing ontology resource but not related to it
2bl. System establishes association between
term and ontology resource

2b2. System displays ontology resource in
“linked resources list”

Analyst proceeds without selecting an ontology
from “Select Ontology” list

2cl. System displays “You should choose an
ontology” message and returns to its initial
status

2C

Special
Requirements

Use Case 24: Update ontology resource related to a term within process model element

label

Use Case Update ontology resource related to a term within
Name process model element label

Updating the term within process model element
Use Case .

. label and ontology resource representing the same

Description .

real-world object
Scope System
Level Analyst goal
Primary
Actor Analyst

Process model element is created in UPROM.

Preconditions Ontology resource is created on Ontology Server.
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Ontology resource and the term within process model
element label are associated.

Success End
Condition

Names of the term and ontology resource are
changed.

Main Success
Scenario

1 Analyst selects ontology resource from “linked
resources list”

Analyst enters term’s new label in text field

2

3 | Analyst clicks “Update Resource” button

4 System changes name of the ontology resource
on Ontology Server

System displays updated label of the resource in
“linked resources list”

System changes all individuals of the process
model element

System displays updated label of the process
model element in UPROM

Extensions

la | Analyst proceeds without selecting a resource

lal. System displays “You should choose a
process model element, process model or
ontology resource first” message and returns to
its initial status

Special
Requirements

Use Case 25: Delete ontology resource related to a term within process model element

label

Use Case Delete ontology resource related to a term within
Name process model element label

Deleting an ontology resource representing the same
Use Case . o

o real-world object as term within process model

Description

element label
Scope System
Level Analyst goal
Primary
Actor Analyst

Preconditions

Process model element is created in UPROM.
Ontology resource is created on Ontology Server.
Ontology resource and the term within process model
element label are associated.

Success End
Condition

Ontology resource is deleted on Ontology Server.

114




Main Success
Scenario

Analyst selects ontology resource from “linked
resources list”

2 | Analyst clicks “Delete Resource” button

System deletes the ontology resource on
Ontology Server

System removes name of the deleted resource
from “linked resources list”

Extensions

la | Analyst proceeds without making a selection

lal. System displays “You should choose a
process model element, process model or
ontology resource first” message and returns to
its initial status

Special
Requirements

Use Case 26: Unlink ontology resource and term within process model element label

Use Case Unlink ontology resource and term within process
Name model element label
Unlinking a term within process model element label
Use Case .
- and ontology resource representing the same real-
Description .
world object
Scope System
Level Analyst goal
Primary
Actor Analyst

Preconditions

Process model element is created in UPROM.
Ontology resource is created on Ontology Server.
Ontology resource and the term within process model
element label are associated.

Success End
Condition

Association between the term within process model
element label and ontology resource is removed.

Main Success

1 Analyst selects ontology resource from “linked
resources list”

2 | Analyst clicks “Unlink Resource” button

System removes the association between the

Scenario 3 | term within process model element label and
ontology resource
4 System removes ontology resource’s name from
“linked resources list”
la | Analyst proceeds without making a selection
Extensions lal. System displays “You should choose a

process model element, process model or
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ontology resource first” message and returns to
its initial status

Special
Requirements

Use Case 27: Delete term within process model element label related to an ontology

resource

Use Case Delete term within process model element label
Name related to an ontology resource

Unlinking term within process model element label
Use Case .
Description and ontol_ogy resource representing the same real-

world object when the term is deleted
Scope System
Level Analyst goal
Zrétmo?ry Analyst

Preconditions

Process model element is created in UPROM.
Ontology resource is created on Ontology Server.
Ontology resource and the term within process model
element label are associated.

Success End
Condition

Association between the term within process model
element label and ontology resource is removed.

Main Success

1 Analyst deletes the term within process model
element label

System removes the association between the term
2 | within process model element label and ontology

Scenario
resource
3 System removes ontology resource’s name from
“linked resources list”
Extensions  [—
Special

Requirements

Use Case 28: Rename term within process model element label related to an ontology

resource
Use Case Rename term within process model element label
Name related to an ontology resource
Use Case Removing association between the term within
Description process model element label and ontology resource
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representing the same real-world object upon
renaming the term

Scope System
Level Analyst goal
Primary

Actor Analyst

Preconditions

Process model element is created in UPROM.
Ontology resource is created on Ontology Server.
Ontology resource and the term within process
model element label are associated.

Success End
Condition

Association between the term within process model
element label and ontology resource is removed.

Main Success

1 Analyst renames the term within process model
element label

System removes the association between the
2 | term within process model element label and

Scenario
ontology resource
3 System removes ontology resource’s name from
“linked resources list”
Extensions .
Special

Requirements

Use Case 29: Unlink term within process model element label upon deletion of related

ontology resource

Use Case Unlink term within process model element label

Name upon deletion of related ontology resource
Removing association between the term within

Use Case process model element label and ontology resource

Description representing the same real-world object upon
deletion of ontology resource

Scope System

Level Analyst goal

Zré{gfry Analyst

Preconditions

Process model element is created in UPROM.
Ontology resource is created on Ontology Server.
Ontology resource and the term within process model
element label are associated.

Success End
Condition

Association between the term within process model
element label and ontology resource is removed.

117




Main Success

Analyst clicks “Sync with Ontology Server”
button

System removes the association between the term
2 | within process model element label and ontology

Scenario
resource
3 System removes ontology resource’s name from
“linked resources list”
Extensions  [—
Special

Requirements

Description synchronization:

Use Case 30: Synchronize descriptions

Use Case . _
Name Synchronize descriptions
Use Case Synchronizing “description” property of an

L associated resource between UPROM and Ontology
Description

Server

Scope System
Level Analyst goal
Primary
Actor Analyst

Preconditions

An association is defined.

Success End
Condition

“Description” property of the resource is updated in
Ontology Server.

Main Success

Analyst updates “description” property of a
1 | process model or process model element related
to an ontology resource in UPROM

Scenario 5 System updates “description” property of the
resource in Ontology Server
Extensions 13 Analyst updates “description” property of a

resource in Ontology Server
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lal. Analyst clicks “Sync with Ontology
Server” button

1a2. System updates “description” property of
the related process model or process model
element in UPROM

Special
Requirements
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Appendix E — Web Services Provided by PROMPTUM Ontology Server

PROMPTUM Ontology Server provides following web services to PROMPTUM Process
Modeling Plugin.

Add a resource:
Following http request creates a new resource having the provided URI and label.

http://localhost:8080/?role=controller.bg.com.tr&act=addResource&rscUri="Resource_
URI”&rscLabel="Literal_to_be assigned_as RDF#label property”

List resources:

Following http request lists all resources in ontology server.
http://localhost:8080/?role=controller.bg.com.tr&act=listResource

Remove resource:

Following http request deletes the resource having the provided URI from ontology server.

http://localhost:8080/?role=controller.bg.com.tr&act=deleteResource&rscUri="Resourc
e URI”

Update a resource’s name:
Following http request updates the name of a resource having the given URI.

http://localhost:8080/?role=controller.bg.com.tr&act=addResource&rscUri="Resource_
URI”&rscLabel="New _literal to be assigned as RDF#label property”

Add a data type property:

Following http request adds a literal value to a resource having a provided URI as the
value of a given data type property.

http://localhost:8080/?role=controller.bg.com.tr&act=addDTProperty&rscUri="Resourc

e _URI”&prpUri="Data type property’s URI”&value="Literal _to_be assigned as _pro
perty value”
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Add an object type property:

Following http request adds a binding based on a given object type property between two
existing resources.

http://localhost:8080/?role=controller.bg.com.tr&act=addOTProperty&rscUri="First_res
ource’s URI”&prpUri="Object type property’s URI’&O0bjUri="Second_resource’s U
RI”

List properties of a resource:

Following http request lists given data type or object type properties of a resource.

http://localhost:8080/?role=controller.bg.com.tr&act=listProperties&rscUri="Resource
URI”&prpUri="Property URI”

Delete properties of a resource:
Following http request deletes the given data type or object type property of a resource.

http://localhost:8080/?role=controller.bg.com.tr&act=deleteProperties&
rscUri="Resource URI”&prpUri="Property URI”

List changes:

Following http request lists the change records in ontology server starting from a given
point in time.

http://localhost:8080/?role=controller.bg.com.tr&act=getChanges&timestamp="yyyy.M
M.dd-HH:mm:ss:SSS_(stamp_of _the_last_synchronized_time)”

121



Appendix F — Data Model of PROMPTUM Process Modeling Plugin

PROMPTUM Process Modeling Plugin keeps data having the following structure for
enabling consistency with PROMPTUM Ontology Server.

Ontology list structure:

<ontltems>
<ontologies>
<ontology>"ontology name”’</ontology>
<project>"project name”’</project>
</ontologies>

</ont|téfﬁs>

Resource list structure:

<items>
<resources>
<ontology>"ontology name”’</ontology>
<id>"resource id”</id>
<name>"resource name’’</name>
<linked>"true/false”</linked>
<project>"project name”’</project>
<uri>”ontology name”%23 resource name”</uri>
<resource>"resource name”</resource>
<description>"description”</description>
<encodedName>"encoded_resource name”</encodedName>
</resources>
</items>

Timestamp data structure:

<items>
<timeStamps>
<time>"yyyy.MM.dd-
HH:mm:ss:SSS_(stamp_of the last_synchronized_time)”</time>
</timeStamps>

</items;
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Appendix G - Issues Identified in the Review of Products in Explanatory Study

Table 13 Issues identified in the review of process models produced in case study 1 and
ontology produced in case study 2 of explanatory study

Issue | Related labels or terms | Related ontology | Explanation

no within labels in process | resources in case study
model collection in case | 2
study 1

1 Akademik danisman Danisman Inconsistency  between
process model and
ontology

2 Resmi internet sayfasi EABD internet sayfast | Inconsistency between
process model and
ontology

3 Enstitii yonetim kurulu | - Ontology should have
included ”Enstitii
yonetim kurulu”

4 Ilgili enstitii kurulu Enstitii kurulu Inconsistency  between
process model and
ontology

5 Ingilizce yeterlilik sinavi | Ingilizce yeterlilik | Incorrect information in

sonucu belgesi process model collection
/ o (process models should
ODTU IYS  sonug have included “Ingilizce
belgesi veya yeterlilik belgesi”)
TOEFL/IELTS belgesi and
Internal inconsistency in
process model collection

6 Diploma Lisans diplomasi Inconsistency  between
process model and
ontology

7 Basgvuru Lisansiistli basvurusu Inconsistency  between
process model and
ontology

8 Kabul Lisansiistii kabulii Inconsistency  between
process model and
ontology

9 Kayit Lisansiisti ~ programa | Inconsistency between

kayit process model and
ontology

10 Lisanstistli program Lisanstistli programi Internal inconsistency in

Program

process model collection
via using different
syntax for same concept
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11

Miifredat

Lisansustu
miufredati

programi

Inconsistency  between
process model and
ontology

12

ALES veya esdegeri
/
ALES internet ¢iktis1
veya GRE belgesi

Lisansiistii smmav sonug¢

belgesi

Incorrect information in
process model collection
(process models should
have included
“Lisansiistii sinav sonug
belgesi”)

and

Internal inconsistency in
process model collection

13

Yariyil kaydi

Lisanstistii yariy1l kaydi

Inconsistency  between
process model and
ontology

14

Transcript

Not ¢izelgesi

Inconsistency  between
process model and
ontology

15

Yiiksek lisans 6grencisi

Ogrenci

Inconsistency  between
process model and
ontology

16

Katki pay

Ogrenci katki pay1

Inconsistency  between
process model and
ontology

17

Kimlik belgesi

Ogrenci kimlik belgesi

Inconsistency  between
process model and
ontology

18

Ogrenim vizesi

Out of scope entity exists
in ontology

19

YOK

Yiiksekogretim kurulu

Inconsistency  between
process model and
ontology

20

Uluslararas1 program

should have
“Uluslararasi

Ontology
included
program”

21

Ulusal program

should have
“Ulusal

Ontology
included
program”

22

Intibak ilkeleri

should have
“Intibak

Ontology
included
ilkeleri”

23

Program adi

Ontology should have
included “Program adi1”

24

Program siiresi

Ontology should have
included “Program
stiresi”

25

Haftalik program

Ontology should have
included “Haftalik
program”
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26

Etkilesimli kayit

Ontology should have
included  “Etkilesimli
kayit”

27

Ogrenim lcreti

Ontology should have
included “Ogrenim
ticreti”

28

Ekle birak

Ontology should have
included “Ekle birak”

29

Bagvuru kosullari

Ontology should have
included “Basvuru
kosullar1”

30

Bilimsel degerlendirme

Ontology should have
included “Bilimsel
degerlendirme”

31

Program acilir

An out of scope function,
“Program agilir”, whose
role is not defined, exists
in process models

32

Yasal iglem basatilir

Role responsible for
performing the function
is not defined

33

Lisanstistli programa ilk
kayit

The function, “kayit
belgelerinin kontroliiniin
gercgeklestirilmesi”
should  have
defined

been

34

Yariyilda verilecek
dersler ilgili
diizenlemeleri yapilarak
belirlenir

The related function is
performed by
“EABDB”, not “OIDB”

35

Danigman onay1 yapilir

The related function is
performed on the
application system;
“OIBS”

36

Yariyil kaydi

After “mazeret
dilekgesi” is evaluated
by “EABD”, it should be
approved by “yonetim
kurulu”

Table 14 Issues identified in the review of process models and ontology produced in

case study 3 of explanatory study

Issue | Related labels or terms | Related ontology | Explanation
no within labels in process | resources in case study
model collection in case | 3
study 3
1 Intibak ilkeleri - Ontology should have

included “Intibak

ilkeleri”
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Yariyil kaydi

Ontology should have
included “Yariyil kaydi”

Ders ekleme birakma

Ontology should have
included “Ders ekleme
birakma”

Etkilesimli kay1t

Ontology should have
included  “Etkilesimli
kayit”

Katki pay1

Ontology should have
included “Katki pay1”

Haftalik program

Ontology should have
included “Haftalik
program”

Lisanstisti program
hazirlama

Establishing
international  programs
should be defined

Lisansiistii program
hazirlama

Exceptional paths
regarding cases the
program is not approved
by “Senato” or
“Yiiksekogretim
Kurulu”  should be
defined

Programa ilk kayit

Registeration documents
“fotograf” and “iyi hal
kagidi (af ile
doniiyorsa)” should be
defined

10

Kayit belgelerini teslim
et

The role performing the
activity ~ should  be
“Ogrenci aday1”, not
“Ogrenci”

11

Dilekge ile kayit gerekti

Exceptional paths
regarding cases when
student application for
registeration is  not
approved should be
defined
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Appendix H — Survey and Semi-Structured Interview Questions Regarding
Integrated Business Process Modeling and Ontology Development

1. Gender:
1 Female
1 Male
A
Employment: ...
Education:
1 BSc
1 MSc
1 PhD
Department (graduated from): ..o
How many years have you been using computers?
1 Less than a year
] 1-3 years
] 4-6 years
] 7-9 years
1 10 years and more
7. How do you rate your computer skills?
Very good
Good
Moderate
Bad
Very bad
8. How many years have you been using the internet?
Less than a year
1-3 years
4-6 years
7-9 years
10 years and more

o

oo

N O I B B

N O I B B B

9. Have you ever taken a process modeling course?
R =
1 No
10. Have you ever had a process modeling experience?
1 Yes
1 No
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11. How do you rate your process modeling skills?
Very good
Good
Moderate
Bad
1 Very bad
12. Which of the following process modeling languages have you heard?
1 Extended Event-Driven Process Chain (eEPC)
Business Process Model and Notation (BPMN)
Petri Nets
Role Activity Diagram (RAD)
UML Activity Diagram
BPEL
L OMheT: e
13. Which of the following process modeling languages have you used?
Extended Event-Driven Process Chain (eEPC)
Business Process Model and Notation (BPMN)
Petri Nets
Role Activity Diagram (RAD)
UML Activity Diagram
BPEL
L OMNeT: e
14. Which of the following process modeling tools have you heard?
SoftwareAG’s ARIS Platform
EPF (Eclipse Process Framework) Composer
MS Visio
QPR ProcessDesigner
iGrafx FlowCharter
Rational System Architect
Lombardi’s Blueprint
Sparx Systems’ Enterprise Architect
UPROM
Other: o

(I I I B

(0 I 0 O O R O

J

J (0 O I O R O

N I O o O
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15. Which of the following process modeling tools have you used?

[

oo gogod

SoftwareAG’s ARIS Platform

EPF (Eclipse Process Framework) Composer

MS Visio

QPR ProcessDesigner

iGrafx FlowCharter

Rational System Architect

Lombardi’s Blueprint

Sparx Systems’ Enterprise Architect

UPROM

Other: ot

16. Have you ever taken an ontology development course?

U
U

Y S i
No

17. Have you ever had an ontology development experience?

[
[

Yes
No

18. How do you rate your ontology development skills?

0 O I

[

Very good
Good
Moderate
Bad

Very bad

19. Which of the following ontology definition languages have you heard?

]

(0 O I O

[

RDF

OWL

RDF(S)

DAML+OIL

KIF

(01711

20. Which of the following ontology definition languages have you used?

]

N O B B B

RDF

OWL

RDF(S)

DAML+OIL

KIF

Other: .o
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21.

22.

23.

24,

25.

26.

217.

28.

Which of the following ontology tools have you heard?
'] Protégé
Web-Protégé
OntoStudio
SWOOP
NeOn Toolkit
TopBraid Composer
T O 1 1< P
Which of the following ontology tools have you used?
Protége
Web-Protégé
OntoStudio
SWOOP
NeOn Toolkit
TopBraid Composer
Other: .

J [ I 0 I O R O

N O O O T

Compared to the narrative discussion provided, how well does the business process
models capture the process knowledge? (Semi-structured interview question)
Compared to the narrative discussion provided, how well does the encoded
ontology capture the entities and relationships in the domain? (Semi-structured
interview question)

Do you find the way entities and relationships are structured in the ontology helpful
to you in developing the business process models and business process models
helpful to you in developing the ontology? Please explain. (Semi-structured
interview question)

In your opinion, what kind of benefits can the integrated development of the
ontology and business process models derive? Please explain all possible impacts
of the ontology and business process models relative to the provided artifacts.
(Semi-structured interview question)

Identify the kinds of value the ontology and business process models can bring to
the analysts if they are developed integrated? (Semi-structured interview question)
In general, what kind of unique characteristics can you infer with respect to our
approach that might be beneficial to business process modeling and ontology
building? (Semi-structured interview question)
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