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Abstract 

*ÕÖÞÓÌËÎÌɯ ÈÕËɯ ÒÕÖÞÓÌËÎÌɯ ÞÖÙÒɯ ÈÙÌɯ ÒÌàɯ ÍÈÊÛÖÙÚɯ ÖÍɯ ÛÖËÈàɀÚɯ ÚÜÊÊÌÚÚÍÜÓɯ

companies. This study devises an approach for increasing the performance of 

knowledge work by shifting it towards a process orientation.  Business process 

management and workflow management are methods for structured and 

predefined  work but are not flexible enough to support knowledge work in a 

comprehensive way. Case-based reasoning (CBR) uses the knowledge of 

previously experienced cases in order to propose a solution to a problem. CBR 

can be used to retrieve, reuse, revise, retain and store functional and process 

knowledge. The aim of the research was to develop an approach that combines 

CBR and process execution to improve knowledge work. The research goals are: 

a case description for knowledge work that can be integrated into a process 

execution system and that contains both functional and process knowledge; a 

similarity algorithm for the retrieval of functional and procedural knowledge; 

and an adaptation mechanism that deals with the diff erent granularities of 

solution parts. This thesis contains a profound literature framework and follows 

a design science research (DSR) strategy. During the awareness phase of the 

design science research process, an application scenario was acquired using the 

case study research method, which is the admission process for a study 

programme at a university.  This application scenario is used to introduce and 

showcase the combined CBR and process execution approach called ICEBERG-

PE, which consists of a case model and CBR services. The approach is 
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implemented as a prototype and can be instantiated using the ICEBERG-PE 

procedure model, a specific procedure model for ontology -based, CBR projects. 

The ICEBERG-PE prototype has been evaluated using triangulated evaluation 

data and different evaluation settings to confirm that the approach is transferable 

to other contexts. Finally, th is thesis concludes with potential recommendations 

for future research. 

 

Key terms : case-based reasoning; knowledge work; business process 

management; workflow systems; enterprise ontology; enterprise architecture; 

ontology -based case-based reasoning; experience management; knowledge-

intensive processes; process flexibility; semantic web.
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1 Introduction 

Currently , knowledge and knowledge work are the key factors of successful 

companies ɬ there is a clear shift from routine work to knowledge work during  

the current era (El-Farr, 2009). The term kÕÖÞÓÌËÎÌɯÞÖÙÒɯɁȻȱȼɯÐÕËÐÊÈÛÌȻÚȼɯÛÏÌɯ

knowledge intensiveness of the current working tasks and the required abilities, 

skills, qualifications and working conditions for employees to accomplish their 

ÞÖÙÒɂɯ(El-Farr, 2009, p.3). Individuals  who perform knowledge work  act in 

different roles and drive the innovation  in companies. Davenport (2010, p.18) has 

stated that ɁÞÐÛÏÖÜÛɯÒÕÖÞÓÌËÎÌɯÞÖÙÒÌÙÚȮɯÛÏÌÙÌɯÞÖÜÓËɯÉÌɯÕÖɯÕÌÞɯ×ÙÖËÜÊÛÚɯÈÕËɯ

services, and no growthɂȭ Further, he indicated  that individuals  who perform 

ÒÕÖÞÓÌËÎÌɯÞÖÙÒɯÏÈÝÌɯɁȻȱȼɯÏÐÎÏɯËÌÎÙÌÌÚɯÖÍɯÌß×ÌÙÛÐÚÌȮɯÌËÜÊÈÛÐÖÕɯÖÙɯÌß×ÌÙÐÌÕÊÌɯ

and the primary purpose of the ir jobs involves the creation, distribution, or 

application of knowledge ɂɯ(Davenport, 2005b, p.10). 

The following sections describe the background of the study and introduce the 

underlying research questions. 

1.1 Background 

Conventional business process management has been exceedingly successful for 

routine work but has deficiencies in dealing with flexibility, which is needed to 

perform knowledge work. Process models may not be in accordance with the real 
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work that must be done. Classical workflow 1 management systems are well 

suited to support ing the execution of rigidly structured business processes but 

fail to allow changes in unexpected situations (Adams, Edmond and ter 

Hofstede, 2003). Van der Aalst et al. (2005, p.131) have stated that workflow 

ÔÈÕÈÎÌÔÌÕÛɯÚàÚÛÌÔÚɯÚÜÍÍÌÙɯÍÙÖÔɯÈɯÓÈÊÒɯÖÍɯÍÓÌßÐÉÐÓÐÛàȮɯÉÈÚÌËɯÖÕɯɁȻȱȼɯÛÏÌɯfact that 

ÙÖÜÛÐÕÎɯÐÚɯÛÏÌɯÖÕÓàɯÔÌÊÏÈÕÐÚÔɯËÙÐÝÐÕÎɯÛÏÌɯÊÈÚÌɂȭɯ/ÙÖÊÌÚÚɯÍÓÌßÐÉÐÓÐÛàɯÊÈÕɯÉÌɯ

required at both build -time and run -time (Dadam, Reichert and Rinderle-Ma, 

2010). During build -time, it is desirable to be able to change a workflow definition 

without major effort  and during run -time it might be necessary to adapt and 

determine the control flow as a reaction to unforeseeable events. For knowledge 

workers , it is recommended to provide the flexibility to determine their processes 

continuously  ɬ ÛÏÜÚɯɁÔÈÒÐÕÎɯÛÏÌɯÒÕÖÞÓÌËÎÌɯÞÖÙÒÌÙɀÚɯÞÖÙÒɯÔÖÙÌɯ×ÙÖËÜÊÛÐÝÌɯÈÕËɯ

focused, in addition to minimizing  ÛÏÌÐÙɯÚÛÙÌÚÚɯÈÕËɯÐÕÊÙÌÈÚÐÕÎɯÐÕÛÌÙÈÊÛÐÖÕɂ(El-

Farr, 2009, p.8). 

Knowledge work cannot be  represented sufficiently in traditional business 

process management, where the work can be structured and described in 

advance. It is especially difficult to predict upcoming tasks because knowledge 

work deals with many different requirements simultaneously . Type and scope of 

tasks are hard to determine in advance. The sequence of tasks may vary due to 

already achieved results and unforeseeable events. Knowledge work is not 

routine work ; ɁȻȱȼɯÛÏÌɯÚÌØÜÌÕÊÌɯÖÍɯÈÊÛÐÖÕÚɯËÌ×ÌÕËÚɯÚÖɯÔÜÊÏɯÜ×ÖÕɯÛÏÌɯÚ×Ìcifics 

ÖÍɯÛÏÌɯÚÐÛÜÈÛÐÖÕɯȻȱȼɯÕÌÊÌÚÚÐÛÈÛÐÕÎɯÛÏÈÛɯ×ÈÙÛɯÖÍɯËÖÐÕÎɯÛÏÌɯÞÖÙÒɯÐÚɯÛÖɯÔÈÒÌɯÛÏÌɯ×ÓÈÕɯ

ÐÛÚÌÓÍɂɯ(Swenson, Palmer and Silver, 2011, p.8). It is not always possible to define 

the entire structure including all elements of a knowledge -intensive process at 

build -time or just before instantiation. This lack of definition becomes evident 

when dealing with business process standardisation . Schäfermeyer, Rosenkranz 

and Holten (2012, p.268) have revealed ÛÏÈÛɯɁȻȱȼɯÏÐÎÏÌÙɯstandardization  effort 

                                                 

1 Workflow: whole or partial automation of a business process (Swenson, 2010). 
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cannot compensate for higher business process complexity to ensure business 

process standardizationɂȭ 

Conversely, routine work is well -defined and repeatable. It can be described in 

traditional business processes execution means. However, knowledge work can 

benefit from business process management ɬ even in unstructured knowledge 

work, it might be possible that a number of structured elements or process 

fragments can be identified . Although it is not adequate to describe the entire 

knowledge work using business process methodology, it certainly makes sense 

to place knowledge work within a process -oriented direction . This process 

orientation implies  that a number of structured elements, which can exist in 

knowledge  work, can be captured as process fragments. This would make 

structured elements and process fragments more efficient without losing the 

necessary flexibility for non -routine and knowledge intensive activities. The 

×ÙÖÊÌÚÚɯ ÖÙÐÌÕÛÈÛÐÖÕɯ ɁȻȱȼɯ ÊÈÕɯ ÔÈÒÌɯ ÒÕÖÞÓÌËÎÌɯ ÞÖÙÒɯ ÔÖÙÌɯ ×ÙÖËÜÊÛÐÝÌɂɯ

(Davenport, 2005a, p.4). Moreover,  knowledge worker s ɁȻȱȼɯÞÖÜÓËɯÉÌÕÌÍÐÛɯÍÙÖÔɯ

the discipline and structure that a process brings, while remaining free to be 

ÊÙÌÈÛÐÝÌɯÈÕËɯÐÔ×ÙÖÝÐÚÈÛÐÖÕÈÓɯÞÏÌÕɯÕÌÊÌÚÚÈÙàɯÈÕËɯËÌÚÐÙÈÉÓÌɂɯ(Davenport, 2010, 

p.19). 

This study created an approach that improves knowledge work by placing it in 

a process orientation regarding  combining business process management and 

knowledge work.  

1.2 Problem Statement and Purpose of the Study 

Traditional workflow approaches do not pro vide the flexibility required  in 

executing knowledge work. There are several approaches for dealing with 

flexibility. Examples of such flexible process execution 2 approaches, as 

                                                 

2 Process execution: manual or automatic execution of a business process 
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introduced by Endl et al. (1998) or more recently by Feldkamp et al. (2007), 

attempt  to overcome a lack of flexibility by using business rules. These process 

execution approaches are a suitable way to provide more flexibility to certain 

knowledge -intensive tasks where the actual sequence of work is unforeseeable. 

However, the rules must be defined and approved , which still does not provide 

the needed flexibility at run -time for new and unforeseen situations. They 

typically  do not place decision power into the hands of the knowledge worker. 

Hence, flexibility in business processes using business rules is addressed at build -

time by modifying the business rules and process model by a domain expert. 

In a combined knowledge -intensive approach, routine  and knowledge work can 

exist with in the same process model (see Figure 1.1). An example of a modelling 

approach that named the knowledge-intensive portion  of the process explicitly 

was introduced by Hinkelmann et al. (2002). They defined these parts as 

knowledge -intensive tasks based on the work of Abecker et al. (1998). The ad-hoc 

element of BPMN 2.0 (OMG, 2011) offers the possibility to specify tasks and data 

of knowledge work without determining the flow of work (see Figure 1.1). The 

remaining question regarding the knowledge -intensive processes is then, to 

which level of det ail the process structure can and should be determined and at 

which time, i.e. at build -time or when instantiating the process.  

In order t o execute knowledge-intensive processes and tasks this execution 

requires knowledge, which is needed for process and task execution. This so-

called functional knowledge includes skills and experience. It is common in 

knowledge -intensive environments that individual sɀ functional knowledge is  

either found with in the mind or written down in forms and documents (Nägele 

and Schreiner, 2002). In addition to functional knowledge, the kn owledge 

concerning the process itself (knowledge about the flow of the process, activities 

and their relationships) is also necessary knowledge -intensive processes. This 

knowledge is called process knowledge  and it is primarily  represented in 
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business process models (Nägele and Schreiner, 2002), i.e. sequences of tasks and 

control constructs such as gateways and roles. 

 

Figure 1.1: Knowledge -intensive Process containing Routine and Knowledge W ork 

In a combined approach, functional and process knowledge needs to be captured 

and provided for executing knowledge -intensive processes. Recent work (see 

Section 2.3) indicates that it is possible and worthwhile to capture functional and 

process knowledge in a number of cases. These cases, describing functional and 

procedural knowledge of process instances or instances of process fragments, 

make it possible to solve a ÕÌÞɯ×ÙÖÉÓÌÔɯÉÈÚÌËɯÖÕɯÚÐÔÐÓÈÙɯɁÖÓËɂɯÊÈÚÌÚȭɯ"ÈÚÌ-based 

reasoning (CBR) uses the knowledge of previously experienced cases to propose 

a solution to a problem. In order t o retrieve, reuse, revise, retain and store 

functional and process knowledge , case description is a critical issue. The 

knowledge must be made explicit and represented in a way  that allow s for 

machine processing as well as remain understandable (cognitively adequate) to 

humans. The implication , then, is that the case description language should be as 

natural as possible in order to gain wide acceptance from the end-user. On the 

contrary , the case description should be able to be processed by a computer using 

similarity and adaptability mecha nisms during process execution. 

When executing knowled ge-intensive processes, the context of the process 

execution can be considered when assigning tasks to individuals , deciding on the 
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next tasks or executing the task itself. The context contains knowledge regarding 

the process instance itself including information concerning used resources (such 

as documents or system data), actions (activities or tasks), actors (people or 

systems who execute the process or certain activities) and further workflow data. 

When describing functional and process knowledge as cases and turning these 

cases into execution, the process context can contribute to improving the retrieval 

of these cases. Therefore, the case description should contain attributes which are 

linked  to the context. 6ÏÌÕɯÈËÈ×ÛÐÕÎɯÈÕɯɁÖÓËɂɯÊÈÚÌɯÛÖɯÛÏÌɯÕÌÞɯ×ÙÖÉÓem, a case 

adaptation mechanism is needed. Such an adaptation mechanism must deal with 

a different granularity of process fragments (the solution parts) or sub -processes 

that refer to other cases and once more trigger a case retrieval. 

There is a gap between the literature and environmental requirements, such as 

business needs, with regard to  a comprehensive CBR and process execution 

approach for knowledge -intensive work that incorporates knowledge from 

enterprise models and architectures. Therefore, CBR and process execution 

requires more attention concerning the integration of both parts. Thus, the 

following requirements can overcome the se deficits when utilised within an 

approach which : 

1. allow s for maintaining case descriptions that contain functional an d 

process knowledge, are cognitively adequate to humans and are computer 

processable; 

2. provide s CBR services that use the process execution context and 

enterprise knowledge for similarity, adaptation and learning ; 

3. provides an integration mechanism for exist ing enterprise knowledge 

from enterprise models, architectures and repositories. 



1 Introduction 7 

© University of South Africa 2016 

1.3 The Objectives and Goals of the Study 

The main purpose of this work is to investigate a new approach for supporting 

the modelling and execution of knowledge -intensive processes in order to 

improve knowledge work. It is the aim of the approach to support execution of 

knowledge work and provide the needed structure and flexibility to knowledge 

workers. 

 

Figure 1.2: Research Goals (and Research Questions) represented as a Sketch 

As mentioned in Section 1.2, it is possible and worthwhile to capture functional 

and process knowledge in such cases. In order to retrieve and adapt cases with in 

a process execution environment in an automatic or semi-automatic way, a 

process execution environment requires the inclusion of a CBRsystem. As such, 

a CBR system provides the possibility to retrieve, reuse (and adapt), revise and 

retain cases containing the functional and process knowledge of knowledge 
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intensive processes. However, CBR is not enough. It needs to be combined with 

the facility of the process execution in order to attain the benefits of both 

approaches. 

This study investigates the adaptation of CBR in this means. Figure 1.2 shows a 

sketch of the proposed approach including the research questions (see 1.4.2 

Research Questions). The figure displays both the process execution portion and 

the CBR portion  (represented as adapted CBR-cycle, see Section 2.2). The 

depicted process consists of structured and knowledge-intensive elements. The 

knowledge-intensive portion  is complemented by case recommendations - users 

can choose to follow such recommendations. 

The case description is an important aspect of the approach. It should consider 

the process execution context (as described with in the previous section) and 

contain functional and process related knowledge. Furthermore, the approach 

considers the need for a user-friendly case description. However , the case 

description should be processable by the CBR mechanisms. 

Based upon the research problem (see Section 1.2), the main goal of this study is 

to introduce a new approach, called ICEBERG-PE3, that combines and integrates 

CBR and process execution in order to retrieve, reuse, revise, retain and 

ɁÌßÌÊÜÛÌɂɯÍÜÕÊÛÐÖÕÈÓɯÈÕËɯ×ÙÖÊÌÚÚɯÒÕÖÞÓÌËÎÌɯÛÖɯimprove knowledge -intensive 

work . 

A prototype system is developed as a proof-of-concept for  evaluating and 

demonstrating the approach including the sub -goals. In order to reach the main 

goal, the following two sub -goals are addressed: 

1. The elaboration of a case description for knowledge -intensive processes 

that contains functional and process knowledge, can be integrated into a 

                                                 

3 ICEBERG-PE: Interlinked Case-based Reasoning for Process Execution 
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process execution system, considers the process execution context, and is 

machine processable and still cognitively adequate.  

2. The investigation and development  of case-based reasoning services, 

which can be used for the retrieval , adaptation and learning  of funct ional 

and procedural knowledge . 

1.4 Thesis Statement and Research Questions 

Based on the previous statements concerning research problem and goals, 

research questions and a thesis statement are defined. Based on Creswell (2008) 

qualitative researchers usually write  at least one main research question and sub-

questions. 

1.4.1 Thesis Statement 

The following thesis statement guides the research project: 

"It is possible to improve knowledge work by using process execution context to retrieve, 

reuse, revise, retain and store cases that contain functional and process knowledge." 

1.4.2 Research Questions 

To combine case-based reasoning and process execution it is necessary to focus 

on the main- and the three sub- research areas. An approach will be developed 

to show that the mentioned combination is possible. The approach consists of (1) 

an overall integration approach for case-based reasoning and process execution, 

a (2) case description for knowledge-intensive work  including a way to integrate 

and access enterprise knowledge and (3) case-based reasoning services (see 

Figure 1.2). Therefore, the research is divided  into three areas, and the following 

three research questions (RQ) are defined. 
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1.4.2.1 Integration of process execution and case-based reasoning 

The main goal of this study is to introduce an approach to (RQ 1) integrate 

process execution  and case-based reasoning. Therefore, the following research 

question is defined as: 

RQ 1: How can case-based reasoning be integrated with process execution? 

This research question was used to guide the suggestion phase during  the 

construction of the approach and conceptual model. Based on this conceptual 

groundwork the following research question could be addressed.  

1.4.2.2 Case Description for Knowledge-intensive Work 

The integration of process execution and case-based reasoning supports 

knowledge work by describing functional and process knowledge as cases (RQ 

2). The case description assists knowledge workers when they perform 

knowledge intensive work. Therefore, it is needed to consider the needs and 

requirements of the knowled ge worker as well. The following research question 

was used to address this requirement: 

RQ 2: What should the case description for knowledge-intensive work consist of? 

The case description might contain some elements from structured processes 

and unstructured knowledge work and remains understandable (cognitively 

adequate) to humans. Therefore, the following sub- question was defined: 

RQ 2.1:  How can functional and process knowledge be included in a case 

description that is cognitively adequate to humans? 

It might be required to capture and structure certain elements of the process 

execution context for in the case description in an explicit way to allow 

machine support. Therefore, the following research question was defined : 

RQ 2.2: How can the process execution context be integrated into the case 

description? 
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1.4.2.3 Support of Process Execution by Case-based Reasoning Services 

To retrieve, adapt and learn functional and process knowledge that has been 

made available in cases, cease based reasoning services (RQ 3) are needed. 

Therefore, the following research question was defined:  

RQ 3: How can case-based reasoning services support process execution? 

The case retrieval (RQ 3.1) is the first step to provide knowledge or guidelines 

to a specific problem. A similarity mechanism is needed to determine the 

similarity between cases. Therefore, the following research question was 

defined: 

RQ 3.1: How can the similarity between cases for knowledge work be calculated? 

Case-based reasoning uses domain knowledge for performing its tasks and 

business process execution provides contextual information. Both pÖÙÛÐÖÕÚɀ 

domain knowledge and contextual information can be useful for the retrieval 

of cases as well as the suggestion or adaptation of case file items. Potential 

case file items, which can be considered, are information resources (such as 

documents or emails), how-to knowledge objects (such as instructions or 

guidelines) or plan items up to ad -hoc tasks. Therefore, the following research 

question is defined: 

RQ 3.2: How can domain knowledge and contextual information be used for 

retrieval of cases and suggestion or adaptation of case items? 

1.5 Research Strategy 

This research is based on the design science paradigm. This paradigm is adequate 

for  addressing the research problem by building artefacts and investigating them 

based on relevant use cases or application scenarios. 
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Such a design science based research approach based on Vaishnavi and Kuechler  

(2004) consists of five elementary and iterative phases: (1) awareness, (2) 

suggestion, (3) development, (4) evaluation and finally (5) conclusion. 

1.6 Scope, Research Subjects and Limitations 

The following three subsections create the fixed framework of  this study . 

1.6.1 Scope of the Study 

This study introduces an approach that deals with knowledge-intensive work in a 

process-oriented environment. This approach contains a case description for 

capturing functional and process related knowledge, a similarity mechanism to 

retrieve the provided knowledge and an adaptation mechanism to propose a 

solution to the problem. 

This study falls within the field of knowledge and process management and is 

based on an application scenario that was derived from a real-world scenario in 

the public sector. 

1.6.2 Research Subjects 

The research subjects of this research were two organisations from the publ ic 

sector and software industry, which were acting as application partners. These 

two organisation s were involved either directly by serving the application 

scenario and primary data or indirectly by providing first -hand secondary data. 

Please refer to subsection 3.3.2 for a description of potential research methods for 

the data collection and analysis, and to subsection 3.4.2 describing which research 

subjects were involved to collect the data. The application data, which has been 

acquired from the application partner, has been triangulated for the application 

scenario (see section 4.1) and for the evaluation (see section 9.1) as well. 

¶ The main research subject, which was coming from th e public section, was 

the admission process of Master of Science (MSc) programmes at the 
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school of business/FHNW University of Applied Sciences and Arts 

Northwestern Switzerland . Two primary data collection techniques, (1) 

interviews and (2) document and artefact study, were used to gain the 

application scenario and evaluation data . The stakeholders of the 

admission process were interviewed and  selected because they work 

with in the context of the process. Seven potential participants were 

working within the  context of the application scenario. Moreover, the 

minimal interviewee sample size was three. 

¶ The secondary research subject, the $+.ɯ#ÐÎÐÛÈÓɯ.ŚÊÌɯ"'ɯ &, was an 

application partner of the research project [sic!], in which a CBR system 

for the offer process and project management of a software company was 

developed. Through this research subject inclusion, it was possible to 

derive further requirements and to have access to first-hand secondary 

data and primary data specifically for this thesis. The elicited offering and 

project management scenario is used in the confirmatory evaluation as 

described in subsection 9.4.1. 

1.6.3 Limitations 

This research was conducted with two organisations and application partners 

from the public sector and software industry. They were engaged as domain 

specialists with in the first three phases of the design research process (see Section 

3.4) and were involved significantly with in the evaluation phase. In general, 

there was a close relationship between the researcher and the domain specialist 

for  gaining relevant research results. Further limitations are  as follows: 

¶ Limitation on case characterisation retrieval : This study focuses on the 

case characterisation rather than on the content in the similarity 

perspective. Nevertheless, the demonstrator shows the potential of 

providing knowledge items using a CBR approach. The retrieval is based 
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on the case characterisation exclusively and not on the case content. 

Therefore, no process model graph similarity  analysis is applied. 

¶ Limitation on flexibility: This  study is limited to the flexibility dimensions 

of processes and workflows as defined by Sadiq et al. (2001). 

¶ Workflow built -time adaptation: It is not intended to provide workflow 

adaptation or any other changes to the workflow model or meta -model 

during build -time. Much  research has already been done (see Section 2.3). 

¶ Workflow technology: It is also not intended to investigate or modify the 

used workflow technology.  

1.7 Rationale of this Study 

The results of this study  provide  a contribution to the process and knowledge 

management community with in the business or academic fields. 

Knowledge -intensive processes are critical for the success of a company and 

occur, for example, in strategic management, product innovation, planning and 

whenever complex decisions need to be made. While the management of 

structured business processes is routine for a majority of  companies, it is still 

challenging to deal with knowledge -intensive pr ocesses. 

Increased flexibility and agility, co -operation, continuous improvement and the 

progress towards learning organisations are critical  challenges for enterprises. 

The results of this study assist in meeting these challenges. The main artefact, the 

ICEBERG-PE prototype , is envisioned as a showcase for prospective and 

interested companies regardless of their domain. The outcomes of this research 

can be generalised and adapted to other specific working environments. In 

principle, the significance cannot  be fixed to a specific sector of business, but is 

relevant for  a company that runs knowledge -intensive work.  
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1.8 Contribution 

The main outcome (artefact) of this research work is an approach for knowledge-

intensive work which combines CBR and process execution approach. This 

approach is then implemented  in a prototype system. In addition , the approach 

is divided  into sub-artefacts; These are an ontology, a procure model, a case 

model, CBR services and a prototype. 

The proposed scientific contribution is a new approach to support ing the 

execution of knowledge -intensive business processes by adopting CBR. It  

consists of a description of the approach, a real-world application scenario 

including test data and a reusable prototype f or running further experiments.  

From its inception, t his research work has considered the real-world context. This 

consideration ensures that the results contribute to the business practice. It is 

expected that the results can be transferred to similar application areas . 

This section lists the publications where results of this thesis have been 

published . 

¶ Martin, Emmenegger and Wilke  (2013): Martin, A., Emmenegger, S. and 

Wilke, G., 2013. Integrating an enterprise architecture ontology in a case-

based reasoning approach for project knowledge. In: Proceedings of the First 

International Conference on Enterprise Systems: ES 2013. IEEE, pp.1ɬ12. 

¶ Witschel, Martin, Emmenegger and Lutz (2015): Witschel, H.F., Martin, A., 

Emmenegger, S. and Lutz, J., 2015. A new Retrieval Function for 

Ontology -Based Complex Case Descriptions. In: International Workshop 

Case-Based Reasoning CBR-MD 2015. Hamburg: ibai-publishing.  

¶ Cognini, Hinkelmann and Martin  (2016): Cognini, R., Hinkelmann, K. and 

Martin, A., 2016. A Case Modelling Language for Process Variant 

Management in Case-Based Reasoning. In: M. Reichert and A.H. Reijers, 

eds., Business Process Management Workshops: BPM 2015, 13th International 

Workshops, AdaptiveCM 2015: 4th International Workshop on Adaptive Case 
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Management and other non-workflow approaches to BPM, Innsbruck, Austria, 

August 31 -- September 3, 2015, Revised Pa. Cham: Springer International 

Publishing, pp.30ɬ42. 

¶ Martin, Emmenegger, Hinkelmann and Thönssen  (2016): Martin, A., 

Emmenegger, S., Hinkelmann, K., and Thönssen, B., 2016. A Viewpoint -

Based Case-Based Reasoning Approach Utilising an Enterprise 

Architecture Ontology for Experience Management. Enterprise Information 

Systems. 

¶ Emmenegger et al. (forthcoming 2017): Emmenegger, S., Hinkelmann, K., 

Laurenzi, E., Martin, A., Thönssen, B., Witschel, H.-F. and Zhang, C., 2017. 

An Ontology -based and Case-based Reasoning supported Workplace 

Learning Approach. In: Model-Driven Engineering and Software 

Development, Communications in Computer and Information Science (CCIS), In 

Press. Springer Berlin / Heidelberg, p.23. 

1.9 Structure of the Thesis 

This section briefly describes the chapters and content of this thesis. The 

interrelationships of the chapter s can be seen in Figure 1.3 ɬ which is a thesis 

chapter map. Before introducing  the chapter map, it  is necessary to clarif y the 

terms thesis and dissertation. The work described with in this propo sal is a 

requirement for  obtaining the academic degree of doctor of philosophy (PhD) in 

information systems (IS) from the University of South Africa (UNISA). The work 

is a requirement for  reaching the NQF4 Level 10, and it is called a thesis. A 

dissertation is generally recognised as a requirement for  obtaining a MasterɀÚ 

degree in South Africa and other countries. There is no joint definition of the 

                                                 

4 NQF: The National Qualifications Framework  (NQF) overseen by the South African 

Qualifications Authority  (SAQA) 
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terms thesis and dissertation  ɬ in Switzerland and a number of other countries, 

these words mean the opposite. 

This thesis is divided  into ten chapters, three introduction chapters and seven 

chapters of the main body. 

1. The Introduction chapter, as the name suggests, introduces the thesis 

including  the research objective and goals, research questions and thesis 

statement as well as a brief introduction to the topic in general. 

2. The Theoretical Framework contains all relevant aspects of the literature 

review. It is the theoretical basis used to answer the research questions. 

3. The Research Methodology and Design chapter contain several subsections, 

which can be used as guideline and process for  conducting this research 

work. These subsections are research philosophy, research approach, 

research strategy, research design, data collection, analysis and 

triangulation and ethical considerations.  

4. The Problem Relevance and Application Scenario chapter summarises the 

needs of practitioners and the scientific community concerning the topic 

of this research. The application scenario is used as demonstration 

material and source of requirements, which is addressed and described 

with in the fol lowing implementation chapters.  

5. The Ontology-based CBR and Process Execution Approach chapter contains a 

view on the proposed approach as a suggestion, based on the literature 

study  and the application scenario. 

6. The Case Model chapter contains the results of the creation and 

development of the case model including content and its characterisation. 

7. The Case-based Reasoning Services chapter contains a description of the 

implemented CBR services (retrieval, adaptation and learning) that can be 

used during process execution and case management. 
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8. The chapter Ontology-based CBR and Process Execution Prototype reflects the 

results of the former chapters and describes a prototypical instantiation of 

the approach including its system architecture description.  

9. The prototype is evaluated during  the evaluation phase and the results 

and findings are presented with in the Evaluation chapter. 

10. Finally, th is thesis ends with a Discussion, Conclusion and Future Work. 

The described structure is visualised in Figure 1.3. Apart from the described 

chapters, this thesis contains a bibliography chapter and appendices. 

 

Figure 1.3: Thesis Map 
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2 Theoretical Framework 

This chapter gives an outline of the theoretical framework of the thesis. It 

introduces the three relevant aspects, which supporting this research work: 

process execution and flexibility, case-based reasoning (CBR), and the proposed 

combination of CBR and process execution to support flexibility . 

2.1 Process Execution and Flexibility 

Process execution refers to the accomplishment of roughly, partially or entirely 

predefined processes by humans and/or information systems. According to the 

Workflow Management Coalition (WfMC, 1995, p.7) a process definition or 

ÔÖËÌÓɯÐÚɯÈɯɁȻȭȭȭȼɯÊÖÔ×ÜÛÌÙÐÚÌËɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕɯÖÍɯÈɯ×ÙÖÊÌÚÚɯÛÏÈÛɯÐÕÊÓÜËÌÚɯÛÏÌɯ

manual ËÌÍÐÕÐÛÐÖÕɯÈÕËɯÞÖÙÒÍÓÖÞɯËÌÍÐÕÐÛÐÖÕɂȭɯ3ÏÐÚɯËÌÍÐÕÐÛÐÖÕɯÐÚɯÙÈÛÏÌÙɯÕÈÙÙÖÞɯ

since it defines that a process model has to be computerised at all. In the 

following,  this definition is extended: 

Definition 2.1: Process Model/Definition 

A process model or definition is a representation of a business process that includes a 

manual work definition and/or computerised workflow definition (adapted from WfMC 

(1995, p.7)). 

In addition to this, a ɁȻȱȼ process model captures the activities to be executed, 

their control and data flow, the organizational  entities performing the activities, 

ÈÕËɯÛÏÌɯËÈÛÈɯÖÉÑÌÊÛÚɯÈÕËɯËÖÊÜÔÌÕÛÚɯÈÊÊÌÚÚÌËɯÉàɯÛÏÌÔɂ (Reichert and Weber, 

2012, p.15). The process models can serve as the basis for the execution of the 
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containing process logic. Since most process-oriented information systems ɁȻȱȼɯ

describe process logic explicitly regarding  a process model providing the schema 

ÍÖÙɯ ×ÙÖÊÌÚÚɯ ÌßÌÊÜÛÐÖÕɂ (Reichert and Weber, 2012, p.4). The term process 

execution is related to and used interchangeably with the term workflow, which 

can be defined as follows: 

Definition 2.2: Process Execution/Workflow 

Process execution or workflow is the ñ[é] computerised facilitation or automation of a 

business process, in whole or partò (WfMC, 1995, p.6). 

The computerised facilitation or automation of a business process, the process 

execution, is usually done with the support of a workflow management system. 

Definition 2.3: Workflow Management System 

A workflow management system ñ[é] completely defines, manages and executes 

ñworkflowsò through the execution of software whose order of execution is driven by a 

computer representation of the [process] logicò (WfMC, 1995, p.6). 

The specific execution component, the core element, of a workflow management 

system is called workflow engine or process execution engine. 

Definition 2.4: Workflow Engine/Process Execution Engine 

A workflow engine or process execution engine is a software component that ñ[é] 

allows creating, executing, and managing process instances related to the same or to 

different process modelsò (Reichert and Weber, 2012, p.33). 

The introduced concept of processes execution and workflows exist since quite a 

while. Moreover, trad itionally those workflow management systems are 

focussing on rigid and stable business processes. Nevertheless, the workflow 

concept has its legitimation but needs to be extended to support knowledge 

worker in a more flexible manner.  

2.1.1 Flexibility of Business Processes and Workflows 

Traditionally, workflow management systems are focussing  ɁȻȱȼɯ×ÙÌËÐÊÛÈÉÓÌɯ

and repetitive business processes, which can be fully described prior to  their 

execution in terms of ÍÖÙÔÈÓɯ×ÙÖÊÌÚÚɯÔÖËÌÓÚɂɯ(Reichert and Weber, 2012, p.43). 
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'ÖÞÌÝÌÙȮɯɁȻȱȼɯÍÓÌßÐÉÐÓÐÛàɯÐÚɯÙÌØÜÐÙÌËɯÛÖɯÈÊÊÖÔÔÖËÈÛÌɯÛÏÌɯÕÌÌËɯÍÖÙɯÌÝÖÓÝÐÕÎɯ

ÉÜÚÐÕÌÚÚɯ×ÙÖÊÌÚÚÌÚɂɯ(Reichert and Weber, 2012, p.43). This flexibility  especially 

requir ed for business processes, which support knowledge workers perform 

their knowledge -intensive tasks. Reichert and Weber (2012) identified the 

following four major needs of business process flexibility: variability, looseness, 

adaptation, and evolution.  

1. Process variability : Process variability occurs when processes need to be 

handled in different process variants based on the current context during 

×ÙÖÊÌÚÚɯÌßÌÊÜÛÐÖÕȭɯɁ/ÙÖÊÌÚÚɯÝÈÙÐÈÕÛÚɯÛà×ÐÊÈÓÓàɯÚÏÈÙÌɯÛÏÌɯÚÈÔÌɯÊÖÙÌɯ×ÙÖÊÌÚÚɯ

ÞÏÌÙÌÈÚɯÛÏÌɯÊÖÕÊÙÌÛÌɯÊÖÜÙÚÌɯÖÍɯÈÊÛÐÖÕɯÍÓÜÊÛÜÈÛÌÚɯÍÙÖÔɯÝÈÙÐÈÕÛɯÛÖɯÝÈÙÐÈÕÛɂɯ

(Reichert and Weber, 2012, p.45). 

2. Process looseness: Process looseness refers to knowledge-intensive 

processes, which are regarded as unpredictable and emergent. "For 

processes of this category, only their goal is known a priori" (Reichert and 

Weber, 2012, p.46). An example of process looseness is patient treatment 

ÊÈÚÌÚȮɯÞÏÌÙÌɯɁȻȱȼɯÛÏÌɯ×ÈÙÈÔÌÛÌÙÚɯËÌÛÌÙÔÐÕÐÕÎɯÛÏÌɯÌßÈÊÛɯÊÖÜÙÚÌɯÖÍɯÈÊÛÐÖÕɯ

are typically not known a priori and might change during process 

ÌßÌÊÜÛÐÖÕɂɯ(Reichert and Weber, 2012, p.46). Therefore, a predefined and 

detailed process description is rather difficult and even impossible. 

Ɂ(ÕÚÛÌÈËȮɯ×ÙÖÊÌÚÚÌÚɯÖÍɯÛÏÐÚɯÊÈÛÌÎÖÙàɯÙÌØÜÐÙÌɯÈɯÓÖÖÚÌɯÚ×ÌÊÐÍÐÊÈÛÐÖÕɂɯ(Reichert 

and Weber, 2012, p.46). 

3. Process adaptation: Process adaptation exists when entire processes or 

their structure need to be adapted ÛÖɯɁÚ×ÌÊÐÈÓɯÚÐÛÜÈÛÐÖÕÚɂɯÖÙɯÞÏÌÕɯÊÌÙÛÈÐÕɯ

ɁÌßÊÌ×ÛÐÖÕÚɂɯÖÊÊÜÙɯ(Reichert and Weber, 2012). 

4. Process evolution: /ÙÖÊÌÚÚɯɁȻȱȼɯÌÝÖÓÜÛÐÖÕɯÙÌ×ÙÌÚÌÕÛÚɯÛÏÌɯÈÉÐÓÐÛàɯÖÍɯÛÏÌɯ

process implemented [in a workflow management system] to change 

ÞÏÌÕɯÛÏÌɯÊÖÙÙÌÚ×ÖÕËÐÕÎɯÉÜÚÐÕÌÚÚɯ×ÙÖÊÌÚÚɯÌÝÖÓÝÌÚɂɯ(Reichert and Weber, 

2012, p.47). 
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As mentioned the processes and workflows of knowledge worker s tend to be 

unpredictable and can be assigned ÛÖɯÛÏÌɯɁ×ÙÖÊÌÚÚɯÓÖÖÚÌÕÌÚÚɂɯÊÈÛÌÎÖÙàȭɯReichert 

and Weber (Reichert and Weber, 2012, p.46) argue that ɁȻȱȼɯÐÛɯÐÚɯÕÖÛɯ×ÖÚÚÐÉÓÌɯÛÖɯ

establish a set of process variants for these processes, since the parameters 

ÊÈÜÚÐÕÎɯËÐÍÍÌÙÌÕÊÌÚɯÉÌÛÞÌÌÕɯ×ÙÖÊÌÚÚɯÐÕÚÛÈÕÊÌÚɯÈÙÌɯÕÖÛɯÒÕÖÞÕɯÈɯ×ÙÐÖÙÐɂɯ(Reichert 

and Weber, 2012, p.46). 

Therefore, there is a need for an approach and corresponding method to enhance a 

workflow management system to deal with knowledge work, by providing process 

variants based contextual information. 

In the following related concepts and methods will be introduced as a potential 

basis for the approach that will be presented in the research work. 

2.1.2 Flexibility of Case Management 

Case management provides the ability to manage cases (as the word suggests), 

which contains e.g. knowledge of previously experienced situations. This case 

knowledge can be workflow related information. Van der Aalst, Weske and 

Grunbauer (2005) propose case management as a paradigm shift in workflow 

related environments - especially for knowledge -intensive processes. Case 

management gives the workers more freedom, flexibility and provides the 

awareness of the whole context of activities within a  business process (van der 

Aalst, Weske and Grunbauer, 2005). McCauley (2010, p.265) defines case 

ÔÈÕÈÎÌÔÌÕÛɯÈÚɯÍÖÓÓÖÞÚɯɁ"ÈÚÌɯÔÈÕÈÎÌÔÌÕÛɯÐÚɯÛÏÌɯÔÈÕÈÎement of long-lived 

collaborative processes that require coordination of knowledge, content, 

ÊÖÙÙÌÚ×ÖÕËÌÕÊÌɯÈÕËɯÙÌÚÖÜÙÊÌÚɯÛÖɯÈÊÏÐÌÝÌɯÈÕɯÖÉÑÌÊÛÐÝÌɯÖÙɯÎÖÈÓȭɯȻȱȼɯ'ÜÔÈÕɯ

judgement is required in determining how to proceed, and the state of the case 

can be affecÛÌËɯÉàɯÌßÛÌÙÕÈÓɯÌÝÌÕÛÚȭɂ 

Case management focuses on the whole case. Whereas in workflow 

management, the focus is on the current work  item or activity the execution. 

Workflow management  makes only a small contribution towards accomplishing 



2 Theoretical Framework 23 

© University of South Africa 2016 

the goal of the entire case. Case handling is driven  by the data-flow instead of the 

control -flow, and this is also true for knowledge -intensive processes where the 

process is based on a collection of data objects (van der Aalst, Weske and 

Grunbauer, 2005). This data-flow focus means that the data objects representing 

the whole context are the key part in knowledge -intensive processes and case 

management. 

Swenson (2010) has taken up the topic of case management and introduced a 

ɁÕÌÞɯ×ÙÖÊÌÚÚ-ÔÈÕÈÎÌÔÌÕÛɯÖÙÐÌÕÛÈÛÐÖÕɯȻȱȼɯÈÚɯÈËÈ×ÛÐÝÌɯÊÈÚÌɯÔÈÕÈÎÌÔÌÕÛɯȹ ",Ⱥɯ

ȻȮɯÞÏÌÙÌȼɯÛÏÌɯÊÈÚÌɯÐÛÚÌÓÍɯÐÚɯÛÏÌɯÍÖÊÜÚɂɯ(Swenson, 2010, p.2). Swenson (2010) defines 

 ",ɯÈÚɯɁȻȱȼɯsystems that are able to support decision making and data capture 

while providing the freedom for knowledge workers to app ly their 

understanding and subject matter expertise to respond to unique or changing 

ÊÐÙÊÜÔÚÛÈÕÊÌÚɯ ÞÐÛÏÐÕɯ ÛÏÌɯ ÉÜÚÐÕÌÚÚɯ ÌÕÝÐÙÖÕÔÌÕÛɂɯ(Swenson, 2010, p.4). The 

Workflow Management Coalition (WfMC) has also taken up the ACM topic, in 

the meantime several books (Swenson, Palmer and Silver, 2011; Swenson, 

Palmer, Pucher and MD, 2012) were publi shed in association with the WfMC 

concerning ACM.  The adaptability feature of ACM has some similarities with the 

case-based reasoning methodology. ACM includes mechanisms ÛÖɯÙÌÜÚÌɯɆȻȱȼɯ

templates for initiating new cases, including the use of completed cases as 

ÛÌÔ×ÓÈÛÌÚȭɯȻȱȼɯ2ÖɯÛÏÌɯÊÈÚÌɯÐÛÚÌÓÍɯÊÈÕɯÉÌɯÈɯtemplate for a new case instance" 

(Palmer, 2011, p.85). 

2.1.3 Flexibility based on Experiential Knowledge 

In knowledge -intensive environments,  people learn from their experience. 

However, the  own field of activity is always limited. Therefore  people try to learn  

from others as well. Especially the so called procedural (Schumacher, Minor, 

Walter and Bergmann, 2012) ÖÙɯɁÏÖÞ-ÛÖɂɯÒÕÖÞÓÌËÎÌɯ(Plaza, 2009) as part of the 

experiential  knowledge of people is a central aspect in knowledge intensive 

processes. 
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It is common in knowledge int ÌÕÚÐÝÌɯÌÕÝÐÙÖÕÔÌÕÛÚɯÛÏÈÛɯÛÏÌɯ×ÌÖ×ÓÌɀÚɯ×ÙÖÊÌËÜÙÈÓɯ

ÖÙɯɁÏÖÞ-ÛÖɂɯÒÕÖÞÓÌËÎÌɯÐÚɯÐÕɯÛÏÌÐÙɯÔÐÕËɯÖÙɯÞÙÐÛÛÌÕɯËÖÞÕɯÐÕɯÍÖÙÔÚ or documents 

(Schumacher et al., 2012; Plaza, 2009). Recent work of (Madhusudan, Zhao and 

Marshall  (2004) and Schumacher et al. (2012) has shown that it is possible and 

worthwhile to capture procedural and process knowledge as cases. According to 

Bergmann (2002), experiential knowledge can be divided  into the three different 

categories vocabulary, experience base, and reuse-related knowledge.  

CBR definition according to Kolodner  (1993, p.13) ɁÈɯÊÈÚÌɯis contextualised piece 

of knowledge representing  an experience that teaches a lesson fundamental to 

ÈÊÏÐÌÝÐÕÎɯÛÏÌɯÎÖÈÓÚɯÖÍɯÛÏÌɯÙÌÈÚÖÕÌÙɂȭɯKolodner  (1993) points out the context 

awareness of cases ɬ the context of the cases is described either explicit or 

implicitly.  

2.2 Case-Based Reasoning 

Case-based reasoning (CBR) can be seen as Leake (1996, p.2) ËÌÍÐÕÌÚɯɁÙÌÈÚÖÕÐÕÎɯ

Éàɯ ÙÌÔÌÔÉÌÙÐÕÎɂɯ(Leake, 1996, p.2) ÖÙɯ ɁÙÌÈÚÖÕÐÕÎɯ ÍÙÖÔɯ ÙÌÔÐÕËÐÕÎɂɯ

(Madhusudan, Zhao and Marshall, 2004) and as a technical independent 

methodology (Watson, 1999) to humans and information systems. Ɂ"ÈÚÌ-based 

reasoninÎɯÐÚɯÉÖÛÏɯȻȱȼɯÛÏÌɯÞÈàÚɯ×ÌÖ×ÓÌɯÜÚÌɯÊÈÚÌÚɯÛÖɯÚÖÓÝÌɯ×ÙÖÉÓÌÔÚɯÈÕËɯÛÏÌɯÞÈàÚɯÞÌɯÊÈÕɯ

ÔÈÒÌɯÔÈÊÏÐÕÌÚɯÜÚÌɯÛÏÌÔɂ (Kolodner, 1993, p.27). CBR can be seen according to 

Aamodt and Pl aza (1994, p.1) ÈÚɯɁȻȱȼÈɯÙÌÊÌÕÛɯÈ××ÙÖÈÊÏɯÛÖɯproblem-solving  and 

ÓÌÈÙÕÐÕÎɂȭɯ Úɯ!ÌÙÎÔÈÕÕɯet al. (2009) defines case-based reasoning is a sub-field 

of artificial intelligence. The roots of CBR are cognitive science, machine learning 

and know ledge-based systems (Bergmann et al., 2009). 

Cognitive science strongly influences Case-based reasoning ɬ the original idea 

was derived from the results of several studies concerning the human brain 

(Lopez de Mantaras et al., 2006). Schank and Abelson (1977, p.36 ff.) laid a 

foundation for further case -based reasoning studies by their studies of how 

humans understand stories and how the memory affects the understanding of 
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particular  stories. Schank (1982, p.83) introduced the concept of memory 

organisation packets MOPs. These MOPs try  to explain how humans organise 

individual scenes in liv ing that are linked to other MOPs and can be linked to a 

specific context or major goal. Schank (1999, p.123) came up with a revised 

definition of MOPs as follows: ɁA MOP consists of a set of scenes directed toward the 

achievement of a goal. A MOP always has one major scene whose goal is the essence or 

purpose of the events organized ÉàɯÛÏÌɯ,./ɂȭ To use these MOPs as a source for 

reminding and adapting the memories to a new situation, Schank (1999, p.137) 

argued that ɁȻȱȼɯÛÏÌÙÌɯÔÜÚÛɯÉÌɯÚÛÙÜÊÛÜÙÌÚɯÛÏÈÛɯÊÈ×ÛÜÙÌɯÚÐÔÐÓÈÙÐÛÐÌÚɯÉÌÛÞÌÌÕɯÚÐÛÜÈÛÐÖÕÚɯ

that occur in different domainsɂ. These structures are introduced by Schank (1999, 

p.137) as thematic organisation packets TOPs and contain abstract and domain-

independent information. MOPs are a basis for creating cases in a case-based 

reasoning approach (Lopez de Mantaras et al., 2006) ɬ a person who creates cases 

in a case-based reasoning system tries to describe individual (set) scenes (MOPs). 

 ɯ×ÌÙÚÖÕɯÜÚɯÖÍÛÌÕɯÈÉÓÌɯÛÖɯÜÚÌɯ×ÌÙÚÖÕÈÓɯÙÌÔÐÕËÐÕÎɀÚɯȹMOPs) in a different 

situation by abstracting existing information using TOPs ɬ thi s as a relationship 

to case-based reasoning and a basic requirement to the CBR users and the 

approach as well. 

 

Figure 2.1: Case-based Reasoning Reuse Principle (adapted from Richter and Weber (2013)) 

Figure 2.1 depicts the basic reuse principle of case-based reasoning. Case-based 

reasoning (CBR) uses the specific knowledge of previously experienced 

situations (cases containing old problems and old solutions) to propose a solution 

(reuse) to a new situation (new problem) . This suggestion is made by comparing 
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the new problem with old problems based on the similarity (Aamodt and Plaza, 

1994; Richter and Weber, 2013). This principle refers to the underlying  

ÈÚÚÜÔ×ÛÐÖÕɯÖÍɯ"!1ɯÛÏÈÛȮɯɆȻȱȼɯÚÐÔÐÓÈÙɯ×ÙÖÉÓÌÔÚɯÏÈÝÌɯÚÐÔÐÓÈÙ solutions" (Watson, 

2003, p.31). However,  this also refers to one of the main challenges in CBR: "If 

similar problems have very different solutions, a case-based reasoner may give 

inaccurate advice" (Watson, 2003, p.31). Using the traditional CBR terminology a 

case consists of a problem space (problem items/descriptions) that is used for 

describing a certain solution space (solution items) (Bergmann, 2002)ȭɯɁ ɯÊÈÚÌ-

based reasoner solves new problems by adapting solutions that were used to 

solve ÖÓËɯ×ÙÖÉÓÌÔÚɂɯ(Riesbeck and Schank, 1989, p.25). Apart from the reuse of 

these historical cases, case-ÉÈÚÌËɯÙÌÈÚÖÕÐÕÎɯÈÓÚÖɯ×ÙÖÝÐËÌÚɯÛÏÌɯɁÓÌÈÙÕÐÕÎɯÖÍɯÕÌÞɯ

ÊÈÚÌÚɂȭɯ!ÈÚÌËɯÖÕɯAamodt and Plaza (1994) and Madhusudan, Zhao and Marshall 

(2004) the generic CBR cycle (see Figure 2.2) consists of the following steps: 1. 

Retrieve the most similar cases from the knowledge base (case-base containing previous 

cases) based on the problem description of the new case (problem case) using a similarity  

mechanism. 2. Reuse the knowledge in the retrieved case(s) to solve the current problem 

ɬ adapt the historical knowledge to the new problem (adaptation). 3. Revise and test the 

suggested solution e.g. by evaluating it under the real-world problem (evaluation). 4. 

Retain  useful experience (past solutions and failures) for future reuse and store a new 

case in the knowledge base (case learning). 

 

Figure 2.2: The CBR Cycle (adapted from Aamodt and Plaza (1994)) 
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2.2.1 General Case Structure 

The basic idea of the 'case' concept is to capture information for problem-solving  

as used in cognitive science (Bergmann, Kolodner and Plaza, 2005). Traditionally 

a CBR systems case description consists of a problem and a solution part. 

Bergmann (2002) extends the problem and solution view by the characterisation 

part and the lesson partȭɯɁ3ÏÌɯÊÈÚÌɯÊÏÈÙÈÊÛÌÙÐáÈÛÐÖÕɯ×ÈÙÛɯËÌÚÊÙÐÉÌÚɯÈÓÓɯÍÈÊÛÚɯÈÉÖÜÛɯ

the experience that are relevant for deciding whether the experience can be 

reused in a certain ÚÐÛÜÈÛÐÖÕɂɯ(Bergmann, 2002, p.48). The characterisation part 

contains elements that can be seen as index or metadata to the case. In contrast to 

regular index or metadata, the characterisation part is usually more detailed as it 

must contain the whole context of a case. In CBR, the characterisation part can be 

seen as problem space. Bergmann (2002, p.50) extends this view to the 

characterisation part  ÛÏÈÛɯÊÈÕɯÊÖÕÛÈÐÕɯɁȻȱȼɯËÌÙÐÝÌËɯËÌÚÊÙÐ×ÛÐÖÕÚɯÖÙɯ×ÙÖ×ÌÙÛÐÌÚɯ

that were not present in the problem-solving  ÚÐÛÜÈÛÐÖÕÚɯȻȱȼɂȭɯ3ÏÌɯÓÌÚÚÖÕɯ×ÈÙÛɯ

contains elements that are needed to describe the case to enable the user to take 

actions based on the suggestion. Based on Secchi, Ciaschi and Spence (1999) 

ÚÌÝÌÙÈÓɯÚ×ÈÊÌɯÈÎÌÕÊÐÌÚɯËÌÍÐÕÌÚɯÈɯÓÌÚÚÖÕɯÖÙɯÓÌÚÚÖÕɯÓÌÈÙÕÌËɯÈÚɯɁȻȱȼɯÒÕÖÞÓÌËÎÌɯÖÙɯ

understanding ÎÈÐÕÌËɯÉàɯÌß×ÌÙÐÌÕÊÌɂɯ(Weber, Aha and Becerra-Fernandez, 2000, 

p.63). In traditional CBR terminology , the lesson part can be seen as solution part. 

Bergmann (2002, p.50) ÌßÛÌÕËÚɯÛÏÐÚɯÝÐÌÞɯÉàɯÜÚÐÕÎɯÛÏÌɯÛÌÙÔɯÓÌÚÚÖÕɯÚ×ÈÊÌɯÛÏÈÛɯɁȻȱȼɯ

can contain information that is not the solution itself but  useful to find a 

ÚÖÓÜÛÐÖÕɂȭ 

2.2.1.1 A Case in CBR 

Based on Bergmann, Kolodner and Plaza (2005, p.209)ȮɯÈɯÊÈÚÌɯɁȻȱȼɯÐÕɯÊÈÚÌ-based 

reasoning is a contextualized ×ÐÌÊÌɯÖÍɯÌß×ÌÙÐÌÕÊÌɂȭɯ3ÏÌàɯÈÓÚÖɯÚÜÎÎÌÚÛɯÛÏÈÛɯÛÏÌɯ

form of the case should not be specified in advance ɬ therefore a general 

definition is presented here: 
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Definition 2.5: Case in Case-based Reasoning 

A case in case-based reasoning consists of at least one experience/knowledge item 

that is contextualised (adapted from Bergmann, Kolodner and Plaza (2005)). 

Definition 2.5 explains the meaning and the purpose of cases in Case-based 

Reasoning ɬ a case tries to capture experience or fragments of it as the basis for 

future problems.  

2.2.1.2 Elements of a Case in CBR 

As mentioned at the beginning of this section, the traditional view of problem 

and solution should be extended. !ÈÚÌËɯÖÕɯ*ÖÓÖËÕÌÙɀÚɯ(1993) work, Bergmann, 

Kolodner and Plaza (2005, p.209) describe the following possible five elements of 

a case structure: ɁȹÐȺɯÈɯÚÐÛÜÈÛÐÖÕɯÈÕËɯÐÛÚɯÎÖÈÓȰɯȹÐÐȺɯÛÏÌɯÚÖÓÜÛÐÖÕɯÈÕËȮɯÚÖÔÌÛÐÔÌÚȮɯÔÌÈÕÚɯÖÍɯ

deriving it; (iii) the result of carrying it out; (iv) explanations of results; and (v) lessons 

ÛÏÈÛɯÊÈÕɯÉÌɯÓÌÈÙÕÌËɯÍÙÖÔɯÛÏÌɯÌß×ÌÙÐÌÕÊÌȭɂ The following definition  lists possible case 

elements, which should be described in cases of a case-based reasoning system. 

Definition 2.6: Case Elements 

A case in case-based reasoning should contain the following elements: (1) the 

situation including goals (problem); (2) the approach (solution) and derivations of the 

approach; (3) the result (or outcome) including explanations; and (4) the lesson 

learned (adapted from Bergmann, Kolodner and Plaza (2005)). 

2.2.1.3 CBR Knowledge Containers 

The distribution of knowledge in a case -based reasoning system has been 

introduced by Richter (1995). In case-based reasoning, it is possible to identify 

four containers of CBR knowledge (Richter, 1998). These "knowledge container" 

are identif ied as shown in Figure 2.3: the vocabulary, similarity measure, solution 

transformation and case base (Richter, 1998). 
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Figure 2.3: CBR Knowledge Containers (Bergmann and Schaaf, 2003) 

The vocabulary container contains the background knowledge, which is "general and 

×ÙÖÉÓÌÔɯÐÕËÌ×ÌÕËÌÕÛɯȻȱȼɆɯÈÕËɯÞÏÌÕɯÐÛɯɆȻȱȼɯËÌÚÊÙÐÉÌÚɯÈɯÚ×ÌÊÐÍÐÊɯ×ÈÙÛɯÖÍɯÛÏÌɯ

domain it is also called contextual knowledge" (Richter, 1998, p.4). 

Definition 2.7: Case Vocabulary 

The case vocabulary is used to contextualise a case in case-based reasoning 

(adapted from Richter (1998)). 

The cases itself are captured in a case base, which is another knowledge container 

in case-based reasoning (Richter, 1998). A similarity measurement is needed to 

retrieve cases in a CBR system. "A case base CB is a set of cases which, for retrieval 

purposes, is usually equipped with additional structures; structured case  bases 

also exist under the name of case memory" (Richter, 1998, p.6). 

Definition 2.8: Case Base 

A case base in case-based reasoning is a structured set of cases (adapted from 

Richter (1998)). 

Bergmann and Schaaf (2003) described the knowledge containers of a structural 

case-based reasoning system (see Section 2.2.2.3 Structural CBR). In Figure 2.4 

the elements are presented, which are relevant when describing (characterising) 

knowl edge items (Bergmann and Schaaf, 2003). 

Case Base
Similarity

Measure

Solution

Trans-
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Vocabulary (Representation)
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Figure 2.4: CBR Knowledge Containers (Bergmann and Schaaf, 2003) 

In this traditional terminology , the term knowledge item is used, which can be 

seen as experience item as stipulated in Definition 2.5. The knowledge item is 

linked  to a case characterisation, which describes to knowledge item using the 

vocabulary knowledge container. As mentioned before, this vocabulary consists 

of concepts for describing the knowledge items (Bergmann and Schaaf, 2003). 

Definition 2.9: Case Characterisation 

In extension to Definition 2.5, the experience/knowledge items that are linked to cases 

are abstracted using a characterisation (adapted from Bergmann and Schaaf (2003)). 

The case characterisation ñ[é] describes all facts about the experience that are relevant 

for deciding whether the experience can be reused in a certain situationò (Bergmann, 

2002, p.50). 

As mentioned a similarity measure is needed in CBR to retrieve similar cases. 

Accordi ng to Richter (1998), this similarity measure is the another knowledge 

container in CBR. "A similarity measure is a container which can store more or 

less sophisticated knowledge about a problem class" (Richter, 1998, p.8). 

The solution transformation knowledge container contains knowledge that is used 

during adaptation of a retrieved e xperience item to a new situation. This solution 

transformation is sometimes called adaptation knowledge (Richter, 1995; Wilke, 

Vollrath, Altho and Bergmann, 1997; Richter, 1998). 
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2.2.1.3.1 CBR Characterisation and Metadata 

The term metadata is often used to describe the relationship of data that describes 

other data. Sometimes then, the question arises whether metadata and 

characterisation can be used interchangeably. "Metadata is often called data 

about data or information about inf ÖÙÔÈÛÐÖÕȭɯȻȱȼɯ#escriptive metadata describes 

a resource for purposes such as discovery and identification" (NISO, 2004, p.1). 

This definition of the National Information Standards Organization (NISO) is 

indeed a very general definition  of metadata. Additionally , when using the 

definition of Greenberg (2005) it possible to come to a conclusion that both terms 

can be used ÐÕÛÌÙÊÏÈÕÎÌÈÉÓàȭɯɆ3ÏÌɯÛÌÙÔɯÔÌÛÈËÈÛÈɯȻȱȼɯÈËËÙÌÚÚÌÚɯËÈÛÈɯÈÛÛÙÐÉÜÛÌÚɯ

that describe, provide context, indicate the quality, or document another object 

(or data) characteristics" (Greenberg, 2005, p.20). Bergmann and Schaaf (2003) 

investigated the relation of structural CBR and Ontology -Based Knowledge 

Management and came to the conclusion that experience items (know ledge 

ÐÛÌÔÚȺɯÈÙÌɯÉÖÛÏɯɆȻȱȼɯÈÉÚÛÙÈÊÛÌËɯÛÖɯÈɯÊÏÈÙÈÊÛÌÙÐáÈÛÐÖÕɯÉàɯÔÌÛÈËÈÛÈɯËÌÚÊÙÐ×ÛÐÖÕÚȮɯ

which are used for furthe r processing" (Bergmann and Schaaf, 2003, p.609). Based 

on that investigation, it is possible to use metadata and characterisation 

interchangeably in structural CBR. 

2.2.2 CBR Approaches 

It is possible to distinguish three main approaches in case-based reasoning 

(Bergmann et al., 2003): 1. Textual CBR (see e.g. Shimazu (1998) and Weber, 

Ashley and Bruninghaus (2005)) where the cases are recorded as or derived from  

the free text. 2. Conversational CBR (see e.g. D. Aha and Breslow (1997), D. Aha, 

Maney and Breslow (1998) and Aha, Breslow, and Muñoz -Avila (2001)) where 

the case acquisition takes place in a conversational (dialogue) manner. 3. 

Structural CBR (see e.g. Yokoyama (1990) and Aamodt (1991)) where the cases are 

described by using a certain vocabulary or domain model (Bergmann, 2002). 
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2.2.2.1 Textual CBR 

The textual case representation approach is free text based (technically free texts 

are usually strings). According to Bergmann (2002), textual case approaches are 

appropriate for huge collections of existing free text documents and the reader of 

the cases can reuse the information in the cases without any adaptation or further 

processing. Text based case approaches use free text, which is more cognitively 

adequate to humans it is possible to deduce, therefore, that more textual 

documents already exists and to is faster to acquire cases from existing 

documents Bergmann (2002). Because no or only a simple pre- processing steps 

are needed to acquire initial cases from existing documents compared to other 

approaches that will be explained in the following.  To retrieve textual cases the 

keyword matching approach is often used (Bergmann, 2002). However,  keyword  

matching approaches have a core issue ɬ according to Bergmann (2002, p.54) 

ÛÌßÛÜÈÓɯÙÌÛÙÐÌÝÈÓɯÔÌÛÏÖËÚɯɁȻȱȼɯÈÙÌɯÙÌÚÛÙÐÊÛÌËɯÛÖɯ×ÜÙÌɯÚàÕÛÈÊÛÐÊɯÙÌÛÙÐÌÝÈÓɯȻȱȼɂɯÈÕËɯ

ɁȻȱȼɯÈÙÌɯÔÖÚÛÓàɯÜÕÈÉÓÌɯÛÖɯÊÈ×ÛÜÙÌɯÛÏÌɯÚÌÔÈÕÛÐÊÚɯÖÍɯÛÏÌɯÛÌßÛɂȭɯ!ÌÙÎÔÈÕÕɯ(2002) 

mentions frequently asked questions documents as a prominent example for 

textual cases where each case contains a problem represented as question and 

solution part, which is usually written  text. It is necessary for textual approaches 

that the characterisation part is well described using distinguishable keywords. 

According  to Bergmann's (2002) conclusion, textual case approaches are 

sufficient with only a few cases containing precisely and discriminating keywords.  

2.2.2.2 Conversational CBR 

The idea behind the conversation case representation is to capture knowledge 

that is gained during a conversation, similar to a person -system or person-person 

dialogue. In contrast to other approaches conversation based systems do not use 

a domain model or structure (Bergmann, 2002). An example of such a 

conversational-based approach is a call-centre situation, where an operator asks 

several questions to the client to localise the problem and provide an appropriate 

solution. The conversation contains several questions, which will be selected 
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based on the course of the conversation. These questions can be answered by 

saying yes or now; or by selecting suggested options or by giving detailed 

information such as product typesȭɯ3ÏÌɯÊÈÚÌÚɯÏÈÝÌɯÈɯÜÚÜÈÓÓàɯÈɯɁdecision-tree-like  

ÚÛÙÜÊÛÜÙÌɂɯ ÈÕËɯ ÛÏÌɯ "!1ɯ ÚàÚÛÌÔɯ ×ÙÖÝÐËÌÚɯ ÛÏÌɯ ÜÚÌÙɯ Ɂ×ÙÌËÌÍÐÕÌËɯdialoguesɂɯ

(Bergmann, 2002). According  to Bergmann (2002, p.55), the conversation 

È××ÙÖÈÊÏɯɁȻȱȼɯÐÚɯÝÌÙàɯÜÚÌÍÜÓɯÍÖÙɯËÖÔÈÐÕÚɯÞÏÌÙÌɯÈɯÏÐÎÏɯÝÖÓÜÔÌɯÖÍɯÚÐÔ×ÓÌɯ

×ÙÖÉÓÌÔÚɯÔÜÚÛɯÉÌɯÚÖÓÝÌËɯÈÎÈÐÕɯÈÕËɯÈÎÈÐÕɂȭ 

2.2.2.3 Structural CBR 

The structural case representation uses a vocabulary to restrict the possible case 

elements. The cases are usually represented technically as attribute-value pairs (in 

flat tables or object oriented classes), as graphs or it can be represented as formulae 

that contain variables as in predicate logic (Bergmann, 2002). The definition of 

the cases itself can be seen as domain model (Bergmann, 2002). According to 

Bergmann (2002, p.56) ÛÏÐÚɯɁȻȱȼɯËÖÔÈÐÕɯÔÖËÌÓɯensures that new cases are of high 

quality , ÈÕËɯÛÏÌɯÔÈÐÕÛÌÕÈÕÊÌɯÌÍÍÖÙÛɯÐÚɯÓÖÞɂȭɯ"ÖÔ×ÈÙÌËɯÛÖɯÛÏÌɯÛÌßÛÜÈÓɯÈÕËɯ

conversational case approaches the structural case approach produces the best 

results but on the other hand, this approach needs to biggest initial effort to create 

the domain model (Bergmann, 2002). 

2.2.2.4 Comparison of CBR Approaches 

Bergmann (2002) made an analysis to compare the difference approaches deeply. 

He also shares the experience of creating a case base in a company including the 

difficulties they might occur. Further , he points out three main requirements and 

efforts that should be taken into  account when implementing a case-based 

reasoning system: Frist the initial material that is required to set up the case base. 

Second, the effort to maintain the case base. Moreover,  third  the effort to control the 

accuracy of the case-based reasoning system. 

When implementing a case-based reasoning system, there usually exists no ideal 

situation in a company, where the needed material is available and is in that 
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structure that is requir ed. Most of the time a pre- processing step is needed ɬ here 

the effort differs from one approach to another.  

Based on the assessment of Bergmann (2002) it is possible to conclude that the 

structural approach is appropriate for complex problem solving in comparison to 

the textual and conversational approaches. The structural approach enables a 

more accurate retrieval as the textual approach, and the maintenance effort is 

lower as it would need the conversational approach when scaling the case base 

up (Bergmann, 2002). 

2.2.3 Structural CBR Approaches 

There exist several ways to represent cases in a structural  manner. Bergmann 

(2002) listed four main representation approaches for cases. In the following , the 

four main approaches are introduced. 

2.2.3.1 Attribute-value Representation 

The attribute-value representation of cases is a relationship between an attribute 

and value that is restricted to a particular  type, which defines t he value range of 

the attribute. A case consists of at least one attribute-value pair. The assignment 

of the attribute -value pairs to the case can be fixed or differ from case to another 

(Bergmann, 2002). 

2.2.3.2 Object-oriented Case Representation 

According to Bergmann (2002), the object-oriented case representation can be 

seen as an extension to the attribute -value representation of cases. It extends the 

attribute -value paiÙɯ È××ÙÖÈÊÏɯ ÞÐÛÏɯ ÛÏÌɯ ÖÉÑÌÊÛɯ ÖÙÐÌÕÛÌËɯ Ɂis-Èɂ ÈÕËɯ Ɂpart-ÖÍɂ 

relations including the inheritance possibility. The cases are represented as objects 

that were instantiated  from classes. These classes contain attributes, which also 

realise ÛÏÌɯɁpart-ofɂɯÙÌÓÈÛÐÖÕɯÉÌÛÞÌÌÕɯÖÉÑÌÊÛÚȭɯ3ÏÌɯɁÐÚ-ÈɂɯÙÌÓÈÛÐÖÕɯis realised by the 

inheritance principle of the object -oriented approach. Bergmann (2002) suggests 
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the usage of an object-oriented case representation when cases with mixed 

structures need to be represented. 

Plaza (1995) introduced a feature-term (sometimes called feature structure) 

representation that enables to represent cases in a structured (sometimes called 

object-cantered) way. This approach uses anti-unification and subsumption to 

evaluate the similarity of cases. 

2.2.3.3 Graph Representation 

The graph representation can be seen as (attributed) directed graph and also be 

seen as a tree structure (Bergmann, 2002). The attributed directed graph is 

represented as triple. The attributed graph is used as the case description , and 

the attribution of the graphs (node and edge descriptors) are restricted into  a 

certain vocabulary based on the domain model. 

2.2.3.4 Predicate Logic Representation 

According to Bergmann (2002) predicate logic case representation is useful for 

planning experience and diagnosis related applications. For experience 

management, Bergmann (2002, p.69) ÈÙÎÜÌÚɯÛÏÈÛɯ×ÙÌËÐÊÈÛÌɯÓÖÎÐÊɯÞÖÜÓËɯɁȻȱȼɯÖÕÓàɯ

×ÓÈàɯÈɯÔÐÕÖÙɯÙÖÓÌɯȻȱȼ except for planning experienceɂȭɯ(Õɯ×ÙÌËÐÊÈÛÌɯÓÖÎÐÊɯÊÈÚÌɯ

representation (vocabulary) consists of functions and predicate symbols. Instead 

of having several sets of ground formulas (function and predicate symbol), it is 

possible to use a structured subset of formulas. This structured subset gives the 

possibility to represent characterisation and lesson using one set. Apart from that 

with a predicate logic based representation, it is possible to represent arbitrary 

structures (Bergmann, 2002). 

2.2.4 Case-Based Reasoning Processes 

The methods for supporting the CBR process highly depend on the actual case 

representation approaches as presented in the sections before. 
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2.2.4.1 CBR Similarity (Retrieve) 

Case-based reasoning uses similarity measures to retrieve similar cases. Most of 

the measures come from the research field of information retrieval. According to 

Lopez de Mantaras et al. (2006), it is possible to distinguish case-based reasoning 

applications using surface similarity and others using structure similarity also. 

Surface similarity algorithms use tÏÌɯÚÜÙÍÈÊÌɯÍÌÈÛÜÙÌÚɯÖÍɯÈɯÊÈÚÌȭɯɁ3ÏÌɯÚÜÙÍÈÊÌɯ

features of a case are those that are provided as part of its description and are 

typically represented using attribute -ÝÈÓÜÌɯ×ÈÐÙÚɂɯ(Lopez de Mantaras et al., 2006, 

p.219). According to Richter (1998, p.8)ȯɯ Ɂ2urface similarity considers only 

ÚàÕÛÈÊÛÐÊɯ×ÙÖ×ÌÙÛÐÌÚɯÖÍɯÛÏÌɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕɂȭ Cunningham (2009) did an extensive 

state of the art work concerning CBR measurements and proposed taxonomy. He 

stated feature-vector representation as the standard CBR methodology: Ɂ3ÏÌɯ

standard methodology  in CBR is to represent a case as a feature vector and then 

to assess similarity based on this feature ÝÌÊÛÖÙɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕɂɯ(Cunningham, 

2009, p.1). 

As mentioned before and in Mantaras et al. (2006), the most common approach 

in CBR is the feature vector based representation. In feature vector based 

representation, the surface similarity assessment is usually done using a local 

similarity and a global similarity method.  

The local similarity measurement is defined for  every feature as sketched in Figure 

2.5. According to Richter (1998, p.8)ȯɯɁ+ÖÊÈÓɯÚÐÔÐÓÈÙÐÛàɯËeals with the values of a 

ÚÐÕÎÓÌɯÈÛÛÙÐÉÜÛÌɯÖÙɯÍÌÈÛÜÙÌɂȭɯ%ÖÙɯÌßÈÔ×ÓÌȮɯlet us assume that there is needed to 

distinguish patient medical  files. The task would be to retrieve a historical case 

of a specific disease using the International Classification of Di seases (ICD) 

identifier (represented as text). It is possible to use an equal 

function/measurement  to assess the similarity between a case of given situation 
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and the historical cases stored in the case base, which indicates if ICD 5 identifier 

is identical (equals) or not using the values 0 or 1. As a result, such a CBR system 

would list all historical cases where the specific disease identifier is assigned as 

value. 

The global similarity (sometimes called object similarity) measurement is used to 

combine several local similarity values and calculate an overall similarity value. 

This global similarity calculation gives  the opportunity to evaluate the similarity 

of cases with more than one feature. According to Richter (1998, p.8), global 

ÚÐÔÐÓÈÙÐÛàɯɁȻȱȼɯÙÌ×ÙÌÚÌÕÛÚɯÈɯÏÖÓÐÚÛÐÊɯÝÐÌÞɯÖÍɯÛÏÌɯÊÈÚÌÚɂȭɯ1ÐÊÏÛÌÙɯ(1998, p.8) 

described that global similarity could ÉÌɯɁËÌÙÐÝÌËɂɯÍÙÖÔɯÛÏÌɯÓÖÊÈÓɯÚÐÔÐÓÈÙÐÛàɯ

ÔÌÈÚÜÙÌÔÌÕÛÚȭɯɁThe relative importance of attributes can be reflected by weights 

but Additionally,  the relative position in a hierarchy, as well as general 

background knowledg ÌȮɯÊÈÕɯÉÌɯÐÕÊÖÙ×ÖÙÈÛÌËɂɯ(Richter, 1998, p.8). As it shown in 

Figure 2.5, the global similarity (object similarity) is calculated over different local 

similarity features. The weights are can pre-defined by domain experts or end -

users, or learned by an adaptive learning algorithm (Lopez de Mantaras et al., 

2006). 

 

Figure 2.5: Sketch of the Similarity Computation (Bergmann and Schaaf, 2003) 

                                                 

5 http://www.who.int/classifications/icd/en/  
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In Figure 2.5 it is possible to recognise certain (object) references to another global 

similarity  (object similarity) calculation . This referencing to other global 

similarity elements represents a certain structure of the case characterisation, 

which is called structural similarity. According to Richter (1998, p.8), in CBR the 

term structural similarity has  ÛÞÖɯËÐÚÛÐÕÊÛɯÔÌÈÕÐÕÎÚȯɯɁ.ÕɯÛÏÌɯÖÕÌɯÏÈÕËȮɯÐÛɯÔÌÈÕÚɯ

to consider structural aspects of the problems or cases compared. On the 

contrary , it can also mean to consider the similarity of a whole set of caÚÌÚɂȭ 

3ÏÌɯÎÖÈÓɯÐÚɯÛÏÌɯɁÊÖÕÊÌ×ÛÜÈÓÐáÈÛÐÖÕɯÖÍɯÕÖÐÚàɯÊÈÚÌÚɂɯÈÕËɯÉÜÐÓËɯÈɯɁËÌÊÐÚÐÖÕɯÚÜÙÍÈÊÌɂɯ

(Cunningham, 2009) when defining certain features in case-based reasoning. 

5ÌÊÛÖÙɯÚ×ÈÊÌɯÔÖËÌÓÚɯÈÕËɯÛÏÌɯÈ××ÓÐÊÈÛÐÖÕɯÖÍɯɁËÐÙÌÊÛɯÚÐÔÐÓÈÙÐÛàɂɯ(Cunningh am, 

2009) methods is only one path to identify the similarities over several cases. 

There exists a vast number of approaches for calculating similarities in case-

based reasoning (Lopez de Mantaras et al., 2006). 

Apart from feature -value based, hierarchical structure and graph-based 

approaches, there exists other possibilities like transformation-based approaches 

for string matching, furthe r information theoretic, ontology, taxonomy or 

machine learning approaches (Cunningham, 2009) ɬ see Section 2.2.5 (Multi - 

Method CBR Approaches). 

2.2.4.2 CBR Adaptation (Reuse) 

The adaptation of historical knowledge to a new situation is an important task in 

case-based reasoning. Alternatively,  in the words of Hanney and Keane (1997, 

p.359)ȯɯɁȻȱȼɯthe success of a CBR system often critically depends on its ability to adapt 

the solution of a previous case to suit a new situationɂȭɯ ÊÊÖÙËÐÕÎɯÛÖɯ+Ö×ÌáɯËÌɯ

Mantaras et al. (2006), it is possible to identify two different dimensions of 

ÈËÈ×ÛÈÛÐÖÕȯɯɁÞÏÈÛɯis changed in the retrieved solution and how the change is 

ÈÊÏÐÌÝÌËɂȭ Additionally , Lopez de Mantaras et al. (2006) identified the following 

three different adaptation  methods: Substitution, transformation, and generative 

adaptation. 
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When executing substitution adaptation, the experience items of a retrieved case 

will be manually or automatically re -instantiated to serve a new similar situation 

(Lopez de Mantaras et al., 2006). 

Definition 2.10: Substitution adaptation 

Substitution adaptation re-instantiates the selected experience items of the retrieved 

case (based on Kolodner (1993) and adapted from Lopez de Mantaras et al. (2006, 

p.227)). 

In contrast to substitution adaptation, transformation adaptation changes the 

structure of a potential solution using  a certain transformation method (Lopez de 

Mantaras et al., 2006). 

Definition 2.11: Transformation adaptation 

Transformation adaptation restructures the solution and experience items (based on 

Kolodner (1993) and adapted from Lopez de Mantaras et al. (2006, p.227)). 

Generative adaptation does not change the retrieved case directly ɬ it replays the 

procedure of a recent transformation. The actual modification of the potential 

solution is usually don e using substitution or transformation adaptation (Lopez 

de Mantaras et al., 2006). 

Definition 2.12: Generative adaptation 

Generative adaptation replays the procedure (method) of adapting the retrieved case 

to the new situation (adapted from Lopez de Mantaras et al. (2006, pp.227 & 228)). 

Such procedures in generative adaptation can be learned from the case base using 

already acquired knowledge and imported knowledge such as domain 

knowledge. One example of such a generative adaptation approach using 

additional knowledge is introduced  in the following section.  

2.2.4.2.1 Examples of CBR Adaptation 

Hanney and Keane (1997) argue that many systems use hand-crafted rules for 

the adaptation task and identify  adaptation algorithms based on feature differences 

within cases (situation vs. lessons) as popular (Hanney and Keane, 1997). The 

problem is that a knowledge engineer needs to understand the application 
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domain and needs to able to create hand-crafted rules based on this feature-

differences, apart from that  the engineer has to predict the feature differences 

that might occur in future (Hanney and Keane, 1997). As Hanney and Keane 

(1997) propose, the learning of adaptation knowledge/rules  would tackle this 

issue. They introduced a rule learning system based on feature differences within 

an existing case base. Wilke, Vollrath, Altho and Bergmann (1997) went into the 

same direction. They introduced a framework for learning adaptation knowledge 

in case-based reasoning. Wilke, Vollrath, Altho and Bergmann (1997, p.235) also 

argue thÈÛɯÛÏÌɯɁmodelling of appropriate adaptation knowledgeɂɯÐÚɯthe main challenge 

in case-based reasoning ɬ Ɂadaptation knowledge is in contrast to cases, not quickly 

available and hard to acquireɂȭ The acquisition of the adaptation knowledge will be 

made using ÈɯɁÒÕÖÞÓÌËÎÌɯÓÐÎÏÛɂɯÈ××ÙÖÈÊÏȭɯ3ÏÌɯÛÌÙÔɯɁÒÕÖÞÓÌËÎÌɯÓÐÎÏÛɂɯÙÌÍÌÙÚɯÛÖɯ

the knowledge that is already captured inside a case-based reasoning system, 

which can be used to derive adaptation knowledge.  

Definition 2.13: Knowledge Light Learning Algorithm 

A knowledge light learning algorithm refers to algorithms, which ñ[é] use already 

acquired knowledge inside the system to learn [é]ò (Wilke et al., 1997, p.236) rules or 

values of parameters for a certain task. 

The proposed framework executes two main steps to extract adaptation 

knowledge out of the case base. 

 

Figure 2.6: Elaboration adaptation knowledge (Wilke et al., 1997) 
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Frist one, is a pre-processing step where a set of example will be selected. As a 

second step, an inductive learning algorithm will be applied. The algorithm uses 

the example attributes, which were extracted in the pre-processing step. Wilke, 

Vollrath, Altho and Bergmann (1997) showed in their work how this approach 

could  be successfully applied in rules-based, and optimisation -based adaptation 

knowledge approaches based on a case study. Wilke, Vollrath, Altho and 

Bergmann (1997, p.240) came up with general issues when implementing 

Knowledge Light Learning Algorithms. The first problem is the adequacy of the 

learning algorithm and regards whether an algorithm can solve a learning task ɬ 

the availability of data and the learning task itself have a major impact on the 

ÈËÌØÜÈÊàȭɯ3ÏÌɯÚÌÊÖÕËɯÐÚÚÜÌɯÐÚɯÛÏÌɯɁpre-×ÙÖÊÌÚÚÐÕÎɯÖÍɯÛÏÌɯÒÕÖÞÓÌËÎÌɂ, which deals 

mainly with the selection, quality measurement and construction of the learning 

data. The third ÐÚÚÜÌɯÐÚɯÛÏÌɯɁÐÕÛÌÎÙÈÛÐÖÕɯÖÍɯÛÏÌɯÓÌÈÙÕÌËɯÒÕÖÞÓÌËÎÌɂ into an existing 

and already applied learning knowledge.  

#ɀ ØÜÐÕȮɯ+ÐÌÉÌÙɯÈÕËɯ-È×ÖÓÐɯ(2006) address in their work the issue of analogical 

reasoning in case-based reasoning by extending OWL to represent adaptation 

ÒÕÖÞÓÌËÎÌȭɯ ×ÈÙÛɯÍÙÖÔɯÛÏÈÛȮɯËɀ ØÜÐÕȮɯ+ÐÌÉÌÙɯÈÕËɯ-È×ÖÓÐɯ(2006) presented a way 

to use OWL retrieval for retrieval and adaptation. One issue was the acquisition 

ÈËÈ×ÛÈÛÐÖÕɯÒÕÖÞÓÌËÎÌȭɯ ÚɯÈɯÊÖÕÚÌØÜÌÕÊÌɯ#ɀ ØÜÐÕɯÌÛɯÈÓȭɯ(2007) introduced later 

a system for the elaboration of adaptation knowledge using case-based mining 

techniques - this system is used in a real world scenario to support physicians in 

breast cancer treatment. The system applies algorithms from the data-mining 

domain and is using a light extension of OWL DL for the case base and the 

domain knowledge.  

2.2.4.3 CBR Evaluation (Revise) 

The revision step of the CBR-cycle is often tightly connected to reuse step in case-

based reasoning. Several research papers describe these two steps in an 

interactive manner. For example, Lopez de Mantaras et al. (2006, p.227) describe 
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a possible and common interaction between adaptation and evaluation as 

ÍÖÓÓÖÞÚȯɯɁ ËÈ×ÛÈÛÐÖÕɯÊÈÕɯÈÓÚÖɯbe used when feedback about a proposed solution 

indicates that a repair is needed; this is part of the revise stage in the CBR cycleɂȭ 

The explanation of Althoff (1997, p.177) goes into the direction that it becomes 

clear that there is a tight  information flow ÖÍɯÛÏÌɯÌÈÙÓÐÌÙɯÚÛÌ×ÚȯɯɁ3ÏÌɯÚÖÓÜÛÐÖÕÚɯ

found by, the earlier tasks and the knowledge structures may be controlled and 

confirmed or repaired ÐÍɯÛÏÌàɯËÖɯÕÖÛɯÞÖÙÒɯÈÚɯÌß×ÌÊÛÌËɂȭɯIt is possible to see the 

ÙÌÝÐÚÐÖÕɯÚÛÌ×ɯÈÚɯɁȻȱȼɯÈɯ×ÙÌ×ÈÙÐÕÎɯ×ÙÖÊÌÚÚɯÍÖÙɯÒÕÖÞÓÌËÎÌɯÈÊØÜÐÚÐÛÐÖÕɂɯ(Althoff, 

1997, p.177). 

Aamodt and Plaza (1994) identified two main tasks in the revision step: 

evaluation and reparationȭɯɁ3ÏÌɯevaluation  task takes the result from applying 

ÛÏÌɯÚÖÓÜÛÐÖÕɯÐÕɯÛÏÌɯÙÌÈÓɯÌÕÝÐÙÖÕÔÌÕÛɂɯ(Aamodt and Plaza, 1994, p.17). The 

implication is  that the evaluation  task takes often place outside the case-based 

reasoning system. In the evaluation  task, Aamodt and Plaza (1994) mentioned 

three techniques: (1) evaluate by a teacher, (2) evaluate in reality  and (3) evaluate 

using a model. The evaluation by a teacher can also be seen as evaluation by an 

expert, and it is crucial that there be an expert available (Althoff, 1997). When 

executing an evaluation  in a real world, the system can guide the process in a 

way that the system notif ies that there are environmental changes (Althoff, 1997). 

A model based evaluation can happen in two ways. The first is an identification 

ÖÍɯɁÐÕÊÖÕÚÐÚÛÌÕÊÐÌÚɯÐÕɯÚàÔÉÖÓÐÊɯÔÖËÌÓÚɂȮɯÈÕËɯÛÏÌɯÚÌÊÖÕËɯÖption is an evaluation  

ÜÚÐÕÎɯɁÕÜÔÌÙÐÊÈÓɯÚÐÔÜÓÈÛÐÖÕɂɯ(Althoff, 1997, p.187). The reparation task consists 

of two main techniques (Aamodt and Plaza, 1994): (1) self-reparation and (2) 

user-reparation. When execution the self-reparation technique, the system tries 

to repair the solution by itself. This self-reparation can be done using domain 

knowledge , or it is based on simulation results, or it is integrated into the 

adaptation step (Althoff, 1997). Finally , the user-reparation is done, as the name 

suggests, by the user himself and this is maybe also part of the adaptation step 

as well (Althoff, 1997). 
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2.2.4.4 CBR Learning (Retain) 

According to Rich ter (1998), ÛÏÌɯÙÌÛÈÐÕÐÕÎɯÚÛÌ×ɯÐÚɯÞÏÌÙÌɯÛÏÌɯɁÓÌÚÚÖÕɯÓÌÈÙÕÐÕÎɂɯÐÚɯ

performed , and it is the final step of the original step in the CBR cycle of Aamodt 

and Plaza (1994). "The task of learning (we use machine learning as a synonym) 

is to improve a certain performance using some experience or instructions" 

(Richter, 1998, p.9). Learning in CBR can be performed in different ways. Starting 

with a simple storage of all fields of a revised case to sophisticated machine 

learning algorithms and case-based reasoning maintenance approaches. 

Most systems simply store the solution of a case in their case base with the 

assumption that the solution was helpful, others add further information 

concerning the problem and other fine -grained in formation about the solution 

finding process (Lopez de Mantaras et al., 2006). 

2.2.4.4.1 The Utility Problem 

One prominent issue in case-based reasoning and its retention phase is the utility 

×ÙÖÉÓÌÔȭɯɁ3ÏÌɯÜÛÐÓÐÛàɯ×ÙÖÉÓÌÔɯÐÕɯÓÌÈÙÕÐÕÎɯÚàÚÛÌÔÚɯoccurred when knowledge 

ÓÌÈÙÕÌËɯÐÕɯÈÕɯÈÛÛÌÔ×ÛɯÛÖɯÐÔ×ÙÖÝÌɯÈɯÚàÚÛÌÔɀÚɯ×ÌÙÍÖÙÔÈÕÊÌɯËÌÎÙÈËÌÚɯÐÛɯÐÕÚÛÌÈËɂɯ

(Houeland and Aamodt, 2010, p.142). This utility problem  often counts for so-

called speed-Ü×ɯÓÌÈÙÕÌÙÚȮɯɁȻȱȼɯwhere ÛÏÌɯÚàÚÛÌÔɀÚɯÒÕÖÞÓÌËÎÌɯÐÚɯÜÚÌËɯÛÖɯÙÌËÜÊÌɯ

ÛÏÌɯÈÔÖÜÕÛɯÖÍɯÙÌÈÚÖÕÐÕÎɯÙÌØÜÐÙÌËɯÛÖɯÚÖÓÝÌɯÈɯ×ÙÖÉÓÌÔɂɯ(Houeland and Aamodt, 

2010, p.142). Some case-based reasoning systems can be seen as speed-up 

learners. According to Houeland  and Aamodt (2010, p.142) ɁȻȱȼɯÊÈÚÌÚɯÐÕɯÈɯ"!1ɯ

system may be viewed as a form of speed-up knowledge, where storing, 

retrieving, and adapting cases provides for more efficient problem solving than 

first -principles or model -ÉÈÚÌËɯÔÌÛÏÖËÚɂȭɯ3ÏÌɯÎÖÈÓɯÖÍɯÊÈÚÌ-based reasoning and 

speed-up systems is to create a potential solution to a specific problem as fast as 

possible under the assumption that a slower retrieval method already exists. Not 

all case based reasoners count as speed-up learning systems ɬ especially those 

systems, which are using the case base as the only source for problem knowledge 
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(Lopez de Mantaras et al., 2006). Houeland and Aamodt (2010) calls case-based 

ÙÌÈÚÖÕÐÕÎɯ ÈÚɯÈɯÓÈáàɯ ÓÌÈÙÕÐÕÎɯ È××ÙÖÈÊÏȭɯ+ÈáàɯÓÌÈÙÕÐÕÎɯ ÐÚɯɁȻȱȼɯÛÏÈÛɯ ÊÏÖÐÊÌÚɯ

regarding the solution of a problem will be postponed as long as possible until 

the problem query is posed ÈÕËɯÈÚɯÔÜÊÏɯÐÕÍÖÙÔÈÛÐÖÕɯÈÚɯ×ÖÚÚÐÉÓÌɯÐÚɯÈÝÈÐÓÈÉÓÌɂɯ

(Houeland and Aamodt, 2010, p.142). The following two main approaches can be 

used to avoid the utility problem for lazy learners : first,  an efficient indexing and 

second the deletion of cases in retaining phase. As Houeland and Aamodt (2010) 

argue, these two approaches are against the original idea of case-based reasoning 

because this is somehow a ɁÒÕÖÞÓÌËÎÌɯÙÌËÜÊÛÐÖÕɂɯÞÐÛÏÖÜÛɯÒÕÖÞÐÕÎɯÐÍɯÈɯËÌÓÌÛÌËɯ

case might have been useful in future or not. Therefore, simple indexing and case 

deletion should be avoided in case-based reasoning. Houeland  and Aamodt 

(2010, p.154) have shown that ɁÔÈÕàɯ×ÙÈÊÛÐÊÈÓɯ"!1ɯÚàÚÛÌÔÚɯËÖɯÕÖÛɯÙÌØÜÐÙÌɯÛÏÌɯ

use of these eager optimizations  and can be limited  by committing to decisions 

×ÙÌÔÈÛÜÙÌÓàɂȭɯAdditionally , Smyth and Cunningham (1996) showed that 

additional cases could  reduce the efficiency of a case-based reasoning system, but 

it increases the quality to a certain point. They also showed that the retrieval 

efficiency decreases where at the same time the adaptation efficiency increases. 

2.2.4.4.2 Problem-solving Competence 

Despite the fact that case base enlargement has its positive side (as mentioned in 

section before), the case-based reasoning community tries to use other artificial 

intelligence and machine learning approaches to deal with harmful knowledge 

and the utility problem in particular (Lopez de Mantaras et al., 2006). One 

prominent technique used as coping strategy is the nearest neighbour classification 

to identify certain patterns - e.g. the condensed nearest neighbour rule (CNN 

rule) approach by Hart (1968) for removing harmful  examples from training data 

(Lopez de Mantaras et al., 2006; Smyth and McKenna, 1999). 

As mentioned in  the former  section, case deletion is an important technique when 

dealing with harmful  cases. Case deletion is one technique of the information 
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filtering model called selective retention introduced by Markovitch and Scott (1993). 

The model is a framework for information filteri ng to avoid harmful knowledge 

in learning systems. The deletion of cases in case-based reasoning is related to 

selective retention filtering model. Based on this, Smyth and Keane (1995) 

introduced a competence model for case deletion in case-based reasoning systems. 

These competence model asses every case how it affects the problem-solving  

competence the case based reasoning system using certain criteria. The model 

categorises the cases into four main classes: pivotal, spanning, supporting, 

auxiliary.  Pivotal cases should not be deleted, because it would result in a 

reduction of competence (knowledge loss). In contrary, auxiliary cases do not 

influence the competence level of a case based reasoning system ɬ a deletion 

would only reduce the efficiency of the system. Spanning cases act as links 

between cases ɬ they do not directly influence to competence level. However,  

they might become relevant if linked cases will be deleted. Finally, supporting 

cases are a special form of spanning cases ɬ they often exist as a group . This means 

that each case within a group is somehow linked and related. The deletion of 

some cases of such a group would not affect the competence level ɬ a deletion of 

the whole group would reduce the competence level of a case-based reasoning 

system. Smyth and McKenna (1999) evaluated such a competence model with the 

result that such an approach works well compared to traditional techniques. 

Nevertheless, Leake and Wilson (2000) showed that besides competence also 

compactness and adaptation  performance matters too. 

2.2.4.4.3 Case-base Maintenance 

Based on the former section it becomes clear that researchers began to realise that 

ÛÏÌÙÌɯÐÚɯÈɯÕÌÌËɯÍÖÙɯÔÈÐÕÛÌÕÈÕÊÌɯ×ÙÖÊÌÚÚÌÚɯÈÕËɯ×ÖÓÐÊÐÌÚȭɯɁ"ÈÚÌ-base maintenance 

implements pol icies for revising the organization  or contents (representation, 

domain content, accounting information, or implementation) of the case -base to 

ÍÈÊÐÓÐÛÈÛÌɯÍÜÛÜÙÌɯÙÌÈÚÖÕÐÕÎɯÍÖÙɯÈɯ×ÈÙÛÐÊÜÓÈÙɯÚÌÛɯÖÍɯ×ÌÙÍÖÙÔÈÕÊÌɯÖÉÑÌÊÛÐÝÌÚɂɯ(Leake 

and Wilson, 1998, p.197). Nowadays, case-based maintenance is recognised as an 
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essential element it the retaining step of case-based reasoning (Lopez de 

Mantaras et al., 2006). 

Leake and Wilson (1998) introduced a framework for characterising case-base 

maintenance systems based on certain policies. Later Wilson and Leake (2001) 

improved this earlier work and applied the refined dime nsions to all knowledge 

containers ɬ ÛÏÌɯÙÌÚÜÓÛɯÐÚɯÈɯÍÙÈÔÌÞÖÙÒɯÞÏÐÊÏɯÈÐÔÚɯÛÖɯÜÕËÌÙÚÛÈÕËɯÛÏÌɯɁÎÌÕÌÙÈÓɯ

×ÙÖÉÓÌÔɂɯÖÍɯÊÈÚÌ-based reasoning maintenance. As an example, one policy 

category is called data collection ɬ ɁÛÏÐÚɯÐÚɯÛÏÌɯÐÕÍÖÙÔÈÛÐÖÕɯÛÏÈÛɯÞÐÓÓɯÉÌɯÜÚÌËɯÛÖɯ

ËÌÛÌÙÔÐÕÌɯÞÏÌÛÏÌÙɯÔÈÐÕÛÌÕÈÕÊÌɯÖ×ÌÙÈÛÐÖÕÚɯÚÏÖÜÓËɯÉÌɯ×ÌÙÍÖÙÔÌËɂɯ(Wilson and 

Leake, 2001, p.199). Such case-base maintenance policies are an important 

element today's case-based reasoning approaches. The work of Wilson and Leake 

indicates the importance of case-based maintenance. As a consequence of this 

direction of case-based reasoning research and the growing importance Reinartz, 

Iglezakis and RothɬBerghofer (2001) proposed an extension of the original case 

based reasoning cycle of Aamodt and Plaza (1994). 

 

Figure 2.7: The Six-Step CBR Cycle (Reinartz, Iglezakis and RothɬBerghofer, 2001) 

As shown in Figure 2.7, Reinartz, Iglezakis and RothɬBerghofer (2001) extended 

the case based reasoning cycle with a review and restore ÚÛÌ×ȭɯɁ3ÏÌɯÙÌÝÐÌÞɯÚÛÌ×ɯ
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ÊÖÕÚÐËÌÙÚɯÛÏÌɯÊÜÙÙÌÕÛɯÚÛÈÛÌɯÖÍɯÛÏÌɯÒÕÖÞÓÌËÎÌɯÊÖÕÛÈÐÕÌÙɯÈÕËɯÈÚÚÌÚÚÌÚɯÐÛÚɯØÜÈÓÐÛàɂɯ

(Reinartz, Iglezakis and RothɬBerghofer, 2001, p.216). In the review step, certain 

case properties are used to evaluate the quality of the cases. These properties are 

correctness, consistency, uniqueness, minimality and incoherenceȭɯɁ3ÏÌɯÙÌÚÛÖÙÌɯÚÛÌ×ɯ

ÜÚÌÚɯÔÖËÐÍàɯÖ×ÌÙÈÛÖÙÚɯÛÖɯÊÏÈÕÎÌɯÛÏÌɯÊÖÕÛÌÕÛÚɯÖÍɯÛÏÌɯ"!1ɯÚàÚÛÌÔɂɯ(Reinartz, 

Iglezakis and RothɬBerghofer, 2001, p.216). These modify operators are used to 

increasing the quality of the case base ɬ the potential modifications are: remove, 

specialise, generalise, adjust, alter, combine, abstract, cross and join cases. 

2.2.5 Multi- Method CBR Approaches 

This section introduces the most prominent multi - method approach of case-

based reasoning. 

2.2.5.1 Ontology-based CBR 

It is advisable to provide the case-based reasoning system with domain 

knowledge beforehand to reduce the knowledge acquisition bottleneck . Ɂ3ÏÌɯ

more knowledge is embedded into the system, the more effective ȻÐÛȼɯÐÚɯÌß×ÌÊÛÌËɯÛÖɯÉÌɂɯ

(Recio-García, Díaz-Agudo and González-Calero, 2008, p.54). This domain 

knowledge embedding  is where ontologies can come into place. Ontologies can 

provide this knowledge. To use the power of ontologies in a Case-based 

Reasoning system a combined ontology-based and case-based reasoning 

approach is needed. Ontology-based systems can benefit from structural CBR 

and vice versa as discussed in Bergmann and Schaaf (2003) and Bichindaritz 

(2004). Ontology-based CBR ɁȻȱȼɯÊÈÕɯÛÈÒÌɯÈËÝÈÕÛÈÎÌɯÖÍɯÛÏÐÚɯËÖÔÈÐÕɯÒÕÖÞÓÌËÎÌɯÈÕËɯ

ÖÉÛÈÐÕɯÔÖÙÌɯÈÊÊÜÙÈÛÌɯÙÌÚÜÓÛÚɂɯ(Recio-García, Díaz-Agudo and González-Calero, 

2008, p.54). 

There exist several approaches (Bello-Tomás, González-Calero and Díaz-Agudo 

(2004), Recio-García, González-Calero and Díaz-Agudo (2014), Roth-Berghofer 

and Bahls (2008), Bach and Althoff (2012)Ȯɯ#ċÈá-Agudo and González-Calero 

(2001), Wang, Hu and Zhang (2003)Ȯɯ#ċÈá-Agudo, González-Calero, Gómez-
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,ÈÙÛċÕɯÈÕËɯ&ĞÔÌá-,ÈÙÛċÕɯ(2005)) that implement a combined Ontology -based 

CBR. Unfortunately  only a limited number of approaches that go beyond 

taxonomic CBR (Bergmann, 1998) including properties/ relations in ontologies.  

Such an approach has been introduced by Hefke (2004), which is part of the 

Knowledge Management Implementation and Recommendation (KMIR) 

Framework (see further: Ehrig, Haase, Hefke and Stojanovic, 2004; Hefke and 

Abecker, 2006a; b; Hefke, Zacharias, Abecker and Wang, 2006; Hefke, 2008). 

Chen and Wu (2003) introduced an RDF-based markup langua ge for case-based 

reasoning called CaseML. They (2003, p.201) defÐÕÌɯÊÈÚÌÚɯÈÚɯɁȻȱȼɯÈÕɯÖÙËÌÙÌËɯ×ÈÐÙɯ

ÞÏÌÙÌɯ/ɯÐÚɯÛÏÌɯ×ÙÖÉÓÌÔɯÚ×ÈÊÌɯÈÕËɯ2ɯÐÚɯÛÏÌɯÚÖÓÜÛÐÖÕɯÚ×ÈÊÌɂȭɯ"ÈÚÌ,+ɯÛÙÐÌÚɯÛÖɯ

overcome the issues of traditional case languages ɬ as there are: The lack of a 

standard vocabulary for describing cases to enable the interchange of cases among 

different systems, of a global convention of integrating domain vocabularies and of a 

flexible case language for various CBR approaches (structured and unstructured). 

As shown in Figure 2.8 the CaseML ontology contains a CaseBase concept, which 

acts as a container for Cases. A Case is linked  to Problems, Solutions and 

(adaptation) Rules. 

 

Figure 2.8: RDF Case Base Representation of CaseML (Chen and Wu, 2003) 
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As Fidjeland (2006) argued, CaseML defines only a small vocabulary with limited 

expressiveness compared to other approaches. Fidjeland (2006) introduced in his 

master thesis an OWL vocabulary for Creek (see Section 2.2.6.10). Creek is a case-

based reasoning system introduced  by Aamodt (1991, 2004). The OWL 

vocabulary (Fidjeland, 2006) contains basic elements for describing case concepts. 

The basic concept ɁÊÙÌÌÒȯ"ÈÚÌɂ ÏÈÚɯ ÉÈÚÐÊɯ ÙÌÓÈÛÐÖÕÚɯ ÓÐÒÌɯ ɁÏÈÚ%ÐÕËÐÕÎɂȮɯ

ɁÏÈÚ2ÖÓÜÛÐÖÕɂȮɯɁÏÈÚ"ÈÚÌ2ÛÈÛÜÚɂɯÈÕËɯɁÏÈÚ2ÜÉÊÈÚÌɂ. Apart from the vocabulary, 

Fidjeland (2006) introduced a possibility for sharing the case base and the domain 

model using an OWL representation. Fidjeland (2006) used Jena (McBride, 2001) 

and jCreek for implementing the propo sed OWL vocabulary approach. 

 

Figure 2.9: CBROnto as Integration Layer of Domain K nowledge ȹ#ċÈá-Agudo and González -

Calero, 2001) 

#ċÈá-Agudo and González-Calero (2001) proposed an ontology for describing 

case-based reasoning processes in a domain in depended way called CBROnto. 

As depicted in Figure 2.9 CBROnto acts as an integration layer of domain 

knowledge and case-based reasoning tasks. 

Bichindaritz (2004) introduced a case-based reasoning framework called 

Mémoire for biological and medical cases. That CBR system uses a semantic web 

ÚÛÈÕËÈÙËɯÉÈÚÌËɯÐÕÛÌÙÊÏÈÕÎÌɯÓÈÕÎÜÈÎÌȮɯɆȻȱȼɯÉÙÐËÎÌɯÛÏÌɯÎÈ×ɯÉÌÛÞÌÌÕɯÛÏÌɯÔÜÓÛÐ×ÓÌɯ
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case-based ÙÌÈÚÖÕÐÕÎɯÚàÚÛÌÔÚɯËÌËÐÊÈÛÌËɯÛÖɯÈɯÚÐÕÎÓÌɯËÖÔÈÐÕɯȻȱȼɆɯ(Bichindaritz, 

2004, p.47). Bichindaritz (2004, p.61) pointed out the benefit of such an ontology -

based case-base and interchange possibility as follows: "The perspective of 

unlimited  cooperation between these systems is extremely promising for the 

improvement oÍɯÏÌÈÓÛÏÊÈÙÌɯÈÕËɯÉÐÖÔÌËÐÊÈÓɯÙÌÚÌÈÙÊÏɯȻȱȼɆȭ It is therefore not 

surprising that the medical and clinical domain has been prominent in the recent 

past. In the following four main research paths of recent studies, two domains 

ÈÕËɯÛÞÖɯÔÌÛÏÖËÚȮɯÐÕɯÛÏÌɯŗÌÓËɯÖÍɯ.BCBR are listed6: 

1. Medical and clinical domain: Shen et al. (2015) propose an OBCBR and 

multi -agent-based clinical decision support system. The used ontology 

ɁȻȱȼɯÌÔ×ÓÖàÚɯÛÏÌɯËÖÔÈÐÕɯÒÕÖÞÓÌËÎÌɯÛÖɯÌÈÚÌɯÛÏÌɯÌßÛÙÈÊÛÐÖÕɯÖÍɯÚÐÔÐÓÈÙɯ

clinical cases and provide treatment suggestions to patients and 

×ÏàÚÐÊÐÈÕÚɂɯ(Shen et al., 2015, p.307). Sene, Kamsu-Foguem, and Rumeau 

(2015) propose an OBCBR approach based on the taxonomic reasoning for 

telemedicine in the oncology domain with the inclusion of natural 

language processing (NLP). Delir Haghighi et al. (2013) introduce a 

development and evaluation of an OBCBR system in emergency medical 

management. 

2. Early warning and emergen cy domain: Ju et al. (2016) propose an 

incentive-oriented early warning system (EWS) using OBCBR for 

predicting co -movements of oil price shocks and the macroeconomy. They 

underpinned the importance of havi ng a clear procedure model with an 

end-user and expert involvement when implementing an OBCBR system. 

Amailef and Lu (2013) introduce an OBCBR implementation for int elligent 

m-Government emergency response services. It is notable that this 

                                                 

6 Some verbatim passages presented in this following section, which have been achieved in this 

thesis project, have been published in the following own authored  publication  (Martin et al., 

2016) 
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implementation gives end users the possibility to adjust extempore certain 

similarity weights during retrieval phase and allows them to evaluate the 

proposed solution (outcome) duri ng the retaining  phase. 

3. Semantic rule-based CBR: Bouhana et al. (2015) introduce an OBCBR 

approach for personalised itinerary search systems for sustainable urban 

freight transport with the inclusion of personalised rules. Bulu, Alpkocak, 

and Balci (2012) describe a CBR approach for ontology-annotated 

ÔÈÔÔÖÎÙÈ×ÏÐÌÚȭɯ 3ÏÌàɯ ÜÚÌɯ Èɯ Ɂ2ÌÔÈÕÛÐÊɯ 0ÜÌÙà-enhanced Web Rule 

Language (SQWRL) to process retrieval of similar masses from annotated 

ÔÈÔÔÖÎÙÈ×ÏàɯÊÖÓÓÌÊÛÐÖÕɯÐÕɯ.6+ɂɯ(Bulu, Alpkocak and Balci, 2012, 

p.11194). SQWRL enhances semantic web rule languages with Ɂ20+ÓÐÒÌɯ

Ö×ÌÙÈÛÐÖÕÚɂɯÍÖÙɯÛÏÌɯÙÌÛÙÐÌÝÈÓɯÐÕɯÈÕɯ.6+ɯÖÕÛÖÓÖÎàȭ 

4. Fuzzy-ontology -oriented CBR: El-Sappagh, Elmogy, and Riad (2015) 

introduce a CBR approach using an OWL2 fuzzy ontology that is utiliz ed 

in a diabetes diagnosis application scenario. The results are promising: 

Ɂ3ÏÌɯÙÌÚÜÓÛÐÕÎɯÚàÚÛÌÔɯÊÈÕɯÈÕÚÞÌÙɯÊÖÔ×ÓÌßɯÔÌËÐÊÈÓɯØÜÌÙÐÌÚɯÙÌÓÈÛÌËɯÛÖɯÛÏÌɯ

semantic understanding of medical concepts and handling of vague 

ÛÌÙÔÚɂɯ(El-Sappagh, Elmogy and Riad, 2015, p.179). They successfully 

compete against traditional CBR approaches. El-Sappagh, Elmogy, and 

Riad (2015, p.206) ÊÖÕÊÓÜËÌɯ ÛÏÈÛɯ ÛÏÌÐÙɯ ɁȻȱȼɯ ÍÜááà-semantic retrieval 

algorithm outweighs all of the JCOLIBRI algorithms, and it covers their 

ÓÐÔÐÛÈÛÐÖÕÚɂȭ 

2.2.5.2 Contextual Case-based Reasoning 

Ëɀ ØÜÐÕȮɯLieber and Napoli (2005) introduced an approach that addresses the 

dif ficulties when integrating different domain specific ontologies as  a knowledge  

base in ontology-based case-based reasoning. The work uses C-OWL (Contextual 

OWL) to map concepts in different ontologies representing different contexts or 

viewpoints (Bouquet et al., 2004)ȭɯ(ÕɯÛÏÐÚɯÊÈÚÌȮɯÊÖÕÛÌßÛÚɯÈÙÌɯËÌÍÐÕÌËɯÈÚɯɁȻȱȼɯÓÖÊÈÓɯ
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ȻÈÕËɯÕÖÛɯÚÏÈÙÌËȼɯÔÖËÌÓÚɯÛÏÈÛɯÌÕÊÖËÌɯÈɯ×ÈÙÛàɀÚɯÝÐÌÞɯÖÍɯÈɯËÖÔÈÐÕɂɯ(Bouquet et al., 

2004, p.1)ȭɯ3ÏÌɯÈ××ÙÖÈÊÏɯÖÍɯËɀ ØÜÐÕȮɯ+ÐÌÉÌÙɯÈÕËɯ-È×ÖÓÐɯ(2005) to represent 

different viewpoint in the domain and adaptation  knowledge.  

Wang, Hu and Zhang (2003) introduced an approach to integrate an enterprise 

based ontology into a case-based reasoning system. This enterprise ontology is 

used as an integration layer of different knowledge containers in an enterprise 

e.g. ERP or workflow systems. 

2.2.5.3 A Case-based Reasoning Schema 

Coyle, Hayes and Cunningham (2002) introduced a schema for describing cases 

ÖÍɯ"!1ɯÚàÚÛÌÔÚɯÐÕɯ7,+ɯÊÈÓÓÌËɯ"!,+ȭɯɁ3ÞÖɯËÖÊÜÔÌÕÛÚɯÈÙÌɯÕÌÌËÌËɯÛÖɯÙÌ×ÙÌÚÌÕÛɯ

a case in CBML, the structured document describes the internal format of a case, 

and the case document contains the content of the case. The case structure 

document describes the hierarchy and cardinality of the features that can exist in 

ÈɯÊÈÚÌȭɂɯ(Coyle, Hayes and Cunningham, 2002, p.2). 

CBML can represent two types of possible features. The so-called simple feature 

represents the feature-value (attribute -value) pair representation. The values of 

the simple features can be restricted to a specific type (such as number or string). 

The complex feature type can be used to build a hierarchical structure that 

contains again simple or complex features (Coyle, Hayes and Cunningham, 

2002). Apart from that, Coyle, Doyle and Cunningham (2004) introduced an 

approach to representing similarity measures in an XML format based on CBML 

as an addition . 

2.2.5.4 Semi-structured CBR 

Recio et al. (2005) introduce an approach how to retrieve tex tual cases by 

information retrieval techniques. Their work is demonstrated using the case -

based reasoning framework jCOLIBRI (Bello-Tomás, González-Calero and Díaz-

Agudo, 2004) (Recio-García, González-Calero and Díaz-Agudo, 2014) (Recio-

García, Díaz-Agudo and González-Calero, 2008). The motivation to introduce a 
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textual CBR is stated because the domain knowledge is written down in 

unstructured textual documen ts. 

Selected textual CBR (TCBR) approaches maps unstructured documents to 

structured case descriptions or semi-structured cases (Recio et al., 2005). To map 

the unstructured data to the cases, several approaches use domain ontologies . 

 

Figure 2.10: jCOLIBRI Semi-structure Case Representation (Recio et al., 2005) 

2.2.5.5 Hierarchical Case Representation 

Hierarchical case representations are needed to represent cases on different 

abstraction levelȭɯɁThe basic idea behind [a hierarchical case representation] is to 

represent a case at multiple levels of detail, possibly using multiple vocabulariesɂɯ

(Bergmann, Kolodner and Plaza, 2005, p.211). Bergmann and Wilke (1996) 

introduced a general framework for hierarchical cases. Figure 2.11 shows the 

different kind of cases: concrete, abstract and hierarchical case. 
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Figure 2.11: Different Kind of C ases (Bergmann and Wilke, 1996) 

Abstract cases contain combined and refined descriptions of possible solutions 

from concrete cases. Within abstract cases, there can exist an abstract hierarchy 

(e.g. represented as a tree) ɬ abstract cases with a different abstraction. Bergmann 

and Wilke (1996) showed that abstraction of cases in a cased-based reasoning 

system could  be successfully applied in configuration, design and planning. 

2.2.6 Case-based Reasoning Tools and Frameworks 

There exist several frameworks for CBR inter alia COLIBRI (Bello-Tomás, 

González-Calero and Díaz-Agudo, 2004) and jCOLIBRI2 (Recio-García, 

González-Calero and Díaz-Agudo, 2014), myCBR (Roth-Berghofer and Bahls, 

2008) and (Bach and Althoff, 2012) or CAKE (Bergmann et al., 2006; Maximini 

and Maximini, 2007). In the following , the most prominent frameworks are 

introduced . 

2.2.6.1 jCOLIBRI and jCOLIBRI2 

jCOLIBRI is a framework for creating CBR systems (Bello-Tomás, González-

Calero and Díaz-Agudo, 2004). The framework is available under the LGPL 

(LGPLv2) license in version 2 and is implemented  in Java (Recio-García, 

González-Calero and Díaz-Agudo, 2014)ȭɯɁ3ÏÌɯÔÈÐÕ goal of jCOLIBRI2 is to 

×ÙÖÝÐËÌɯÈɯÙÌÍÌÙÌÕÊÌɯ×ÓÈÛÍÖÙÔɯÍÖÙɯËÌÝÌÓÖ×ÐÕÎɯ"!1ɯÈ××ÓÐÊÈÛÐÖÕÚɂɯ(Recio-García, 

González-Calero and Díaz-Agudo, 2014, p.3). jCOLIBRI2 is a multi -layer 

application. There exist two main components ɬ the COLIBRI studio and the 
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jCOLIBRI engine itself. The studio component can be used to design, construct 

and configure a case-based reasoning application. The engine and the framework 

also provide apart from the CBR core functionalities several extensions for 

textual CBR including information extraction functionalitie s. Additionally , the 

engine uses a persistence layer that provides connectors to relational databases, 

plain text and ontologies using an ontology bridge (Recio-García, González-

Calero and Díaz-Agudo, 2014). 

2.2.6.2 COBRA 

COBRA (Conversational Ontology -based CBR plAtform) is a CBR application 

platform using an eclipse based editor (Assali, Lenne and Debray, 2010). It aligns 

the cases to a domain-specific ontology using inference rules. COBRA uses 

certain parts of jCOLIBRI and Assali, Lenne and Debray (2010) added a layer to 

support heterogeneous case bases. 

2.2.6.3 CBR Shell 

The AIAI CBR Shell is a system for ɁȻȱȼɯÈÜÛÖÔÈÛÐÊɯ×ÖÓÓÐÕÎɯÖÍɯÍÐÌÓËÚɯÍÖÙɯÚÌÕÚÐÛÐÝÐÛàɯ

to goal finding and the stochastic hill -climbing of ever -fitter combinations of field 

weightsɂɯ(Wheeler and Aitken, 2000, p.94). The tool is a closed source available 

ɁÐÕɯËÌÔÖÕÚÛÙÈÛÐÖÕɯÍÖÙÔɂȭ It shows the potential of K nearest neighbour and 

threshold retrieval, multiple diagnostic algorithms, genetic algorithm weight 

learning and cross-platform implemen tation.  

2.2.6.4 myCBR 

Roth-Berghofer and Bahls (2008) introduced a CBR plugin to the ontology editor 

Protégé called myCBR. The first version of the myCBR plug is designed as a rapid 

prototyping tool and similarity  retrieval  engine (Roth-Berghofer and Bahls, 

2008). myCBR consists of three main features and views: (1) The explanation 

editor can be used to describe concepts, which will be used as case 

characterisation; (2) the retrieval editor provides an interface to the conceptual 
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and backward-explanations. The backward-explanations are a description  of the 

retrieval process, including the local and global similari ty features; (3) the 

similarity measure editor provides a possibility for editing local and global 

similarity measurements. Stahl and Roth-Berghofer (2008) used the myCBR 

framework to configure a Web -based CBR application. The protégé based editor 

can be used to create XML files, containing the similarity and domain model, 

which can be used in a Web application containing a CBR engine (Stahl and Roth-

Berghofer, 2008). 

The current version of myCBR is version 3. myCBR 3 is a new development and 

is now OSGi based, which means that it can be integrated into existing OSGi 

environments (Bach and Althoff, 2012). The myCBR 3 workbench is a rich client 

platform (RCP) of the Eclipse development IDE (Roth-Berghofer et al., 2012). 

myCBR 3 offers a software development kit written in Java to build its CBR 

applications (Roth-Berghofer et al., 2012). This approach has been successfully 

applied in decision support, configuration (computer settings), and diagnosis 

and information composition (Bach and Althoff, 2012). 

2.2.6.5 CReP 

Manenti and Sartori (2010) presented Case Retrieval Platform (CReP), a 

framework that provides tools to describe cases, similarity functions on case 

description parts using a hierarchical structure and string matching.  

2.2.6.6 IUCBRF 

Bogaerts and Leake (2005) introdu ced an open source CBR framework written in 

Java for developing modular CBR applications. The system was a basis for 

several other CBR systems in the research community. 

2.2.6.7 Empolis - Information Access Suite 

Empolis have developed a commercially used CBR system. This system is one of 

Ɂthe most widely usedɂɯ"!1-based systems in Europe. The CBR component acts as 
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ÈÕɯ Ɂunderlying methodologyɂɯ ÖÍɯ ÛÏÌɯ (ÕÍÖÙÔÈÛÐÖÕɯ  ÊÊÌÚÚɯ 2ÜÐÛÌɯ ×ÙÖÝÐËÌËɯ Éàɯ

Empolis. This Information Access Suite has been used in a wide range of 

Ɂcommercial application domainsɂɯ(Bergmann et al., 2009, p.3). 

2.2.6.8 CAKE 

Bergmann et al. (2006) introduced a generic collaboration support architecture 

called Collaborative Agent -based Knowledge Engine (CAKE). The CAKE can be 

used for the selection of agents and (sub-) workflows with the usage of CBR 

ÛÌÊÏÕÖÓÖÎàȭɯ Ɂ3ÏÌɯ " *$ɯ ÈÙÊÏÐÛÌÊÛÜÙÌȮɯ ÍÖÙɯ ÐÕÚÛÈÕÊÌȮɯ ÊÖÔÉÐÕÌÚɯ ÞÖÙÒÍÓÖÞɯ

technology, agent technology, and structural CBR to select appropriate agents 

and workflows in knowledge -ÐÕÛÌÕÚÐÝÌɯ È××ÓÐÊÈÛÐÖÕɯ ËÖÔÈÐÕÚɯ ÜÚÐÕÎɯ "!1ɂ 

(Bergmann et al., 2009, p.3). 

2.2.6.9 eXiT*CBR 

eXiT*CBR is a CBR tool for medical prognosis (López et al., 2011; Pla, López, Gay 

and Pous, 2013). Pla, López, Gay and Pous (2013, p.1) ɆȻȱȼɯ×ÙÖ×ÖÚÌɯÈɯÜÚÌÙ-

friendly medically oriented tool for prognosis development syst ems and 

experimentation under a case-based reasoning methodology". Besides several 

generic CBR tools, e.g., jCOLIBRI, eXiT*CBR has been developed under the focus 

of a particular purpose (medical prognosis) and domain (medicine). eXiT*CBR.v2 

extends the isolated CBR system eXiT*CBR.v1 in such a way that collaborative 

data can be used. 

2.2.6.10 CREEK 

Creek is a CBR system introduced by Aamodt (1991, 2004)ȭɯ(ÛɯɁȻȱȼ is a knowledge-

intensive approach to problem-solving and learningɂɯ(Aamodt, 1991, p.137). There 

exists a Java-based implementation of CREEK called TrollCreek, which has been 

used in the petroleum industry (Bergmann et al., 2009). 
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2.3 Case-based Reasoning and Process Execution 

Case-based reasoning has been applied successfully in workflow and process 

environments.  Madhusudan, Zhao and Marshall  (2004) and Kim, Suh and Lee 

(2002) use CBR to support workflow design. The work of  Kaster, Medeiros and 

Rocha (2005) uses CBR in combination with a decision support system. Weber 

and Wild  (2005) enable ad-hoc modifications of workflows using CBR and 

Rinderle, Weber, Reichert and Wild (2005) proposed a CBR system enabling ad-

hoc modifications of workflows using sema ntic information. Van der Aalst et al. 

(2005) proposed a case handling system using explicitly and implicitly structured 

cases. Wargitsch, Wewers and Theisinger (1997) proposed a system called 

6ÖÙÒ!ÙÈÐÕȭɯ3ÏÐÚɯÚàÚÛÌÔɀÚɯÐËÌÈɯÐÚɯÛÏÌɯÌÓÈÉÖÙÈÛÐÖÕɯÖÍɯÞÖÙÒÍÓÖÞÚɯÜÚÐÕÎɯÊÌÙÛÈÐÕɯ

workflow elements or fragments ɬ called workflow building blocks. In this 

approach CBR is used at the beginning to configure the instance of the workflow 

ɬ it does not provide the flexibility to determine the process during runtime. Van 

Elst, Aschoff, Bernardi and Schwarz (2003) describe a system, which has been 

elaborated during a research project called FRODO. In FRODO, they introduce a 

task concept ontology for weakly structured  workflows. These workflows can be 

modified  during run -time (instance level). Weber, Wild and Breu (2004) 

introduc ed in their work a system called CBRFlow, which combines workflow 

execution and conversational case-based reasoning (CCBR). CBRFlow uses a 

case-based reasoning component to handle exceptions to business rules during 

run -time ɬ ÐÛɯÌÕÈÉÓÌÚɯɁȻȱȼÔÖËÐÍÐÊÈÛÐÖÕÚɯto a predefined workflow model and to 

×ÙÖÝÐËÌɯÐÕÊÙÌÔÌÕÛÈÓɯÓÌÈÙÕÐÕÎɯÊÈ×ÈÉÐÓÐÛÐÌÚɂɯ(Weber, Wild and Breu, 2004, p.436). 

Bergmann et al. (2006) and Maximini and Maximini  (2007) described a case-based 

reasoning system architecture called CAKE (Collaborative Agent -Based 

Knowledge Engine). CAKE can be used for the selection of agents and (sub-) 

workflows with the usage of CBR technology.  



2 Theoretical Framework 59 

© University of South Africa 2016 

2.3.1 CBR for Workflow Retrieval, Adaptation and ad-hoc Changes 

Bergmann and Gil (2011) introduced an approach for retrieving existing 

workflows based on a query.  In contrast to other approaches, this approach the 

workflows are graph based and semantically annotated (Bergmann and Gil, 

2011). 

Minor et al. (2010b, p.279) introduced a process-oriented approach using case-

ÉÈÚÌËɯÙÌÈÚÖÕÐÕÎɯɁȻȱȼɯÛÖɯÚÜ××ÖÙÛɯÛÏÌɯÙÌÜÚÌɯÖÍɯÊÏÈÕÎÌɯÌß×ÌÙÐÌÕÊÌɂȭɯ3ÏÌɯÐÕÛÙÖËÜÊÌËɯ

approach acts as workflow enactment service, which supports the workflow 

modifications regarding  ɁȻȱȼɯÈË-hoc changes in order to  fulfil change request 

and late-ÔÖËÌÓÓÐÕÎɂɯ(Minor et al., 2010b, p.294). Currently , the workflow 

modification has to be done manually ɬ ɁȻȱȼɯÛÏÌɯÜÚÌÙɯÏÈÚɯÛÖɯÛÙÈÕÚÍÌÙɯÛÏÌɯÚÖÓÜÛÐÖÕɯ

ÍÖÙɯÈËÈ×ÛÐÕÎɯÛÏÌɯÊÜÙÙÌÕÛɯÞÖÙÒÍÓÖÞɯȻȱȼɂɯ(Minor et al., 2010b, p.288). 

 ɯÊÈÚÌɯɁȻȱȼɯÊÖÕÚÐÚÛs of a pair of subsequent revisions of a workflow instance 

Ȼȱȼɂ(Minor et al., 2010b, p.288). It is possible to identify a problem part, 

containing  a workflow instance before a modification has been made, and a solution 

part  containing the modified version of the workflow  instance. Based on the case 

description it is possible to run a query against the described workflow instances 

when a modification needs to be made (Minor et al., 2010b). 

An adequate case representation containing both parts of a workflow instance, 

control flow and context needs to be defined to represent workflow instances as 

cases. Minor et al. (2010b, p.279) used two different ways to represent the two 

parts in their approach. The context of the workflow instance rep resented by 

attribute -value pairs as known from structural case-based reasoning as 

introduced by Bergmann (2002) (Minor et al., 2010b). Apart from that the context 

is modelled in an OWL ontology to describe the interdependencies (Minor et al., 

2010b). The similarity is assessed using local and global similarity calculation as 

introduced in Section 2.2.4.1. The control flow of the workflow instances is 

represented as graphs, and the similarity assessment is based on weighted graph 
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edit distances (Minor et al., 2010b). Finally , the overall similarity is calculated by 

aggregating the values of the control flow and the context (Minor et al., 2010b). 

Minor, Bergmann, Görg and Walter (2010a) introduced an approach for 

automatic adaptation of workflows using a case -base containing previous 

workflow adaption s. This approach has been implemented using the CBR engine 

CAKE (see Section 2.2.6.8). 

2.3.2 CBR for Workflow Construction 

The construction (modelling) of workflows is a knowledge intensive task ɬ it is 

important for process engineers to be aware of the services that are available. The 

work of Leake and Kendall -Morwick (2008) is a way to support scientist that are 

ÊÙÌÈÛÐÕÎɯÚÊÐÌÕÛÐÍÐÊɯÞÖÙÒÍÓÖÞÚɯɁȻȱȼɯÉàɯÚÜÎÎÌÚÛÐÕÎɯÈËËÐÛÐÖÕÚɯÛÖɯÞÖÙÒÍÓÖÞɯËÌÚÐÎÕÚɯ

ÜÕËÌÙɯÊÖÕÚÛÙÜÊÛÐÖÕɂɯ(2008, p.270). 

 

Figure 2.12: Phala (Leake and Kendall-Morwick, 2008) 

The approach of Leake and Kendall-Morwick (2008) is implemented  as a plugin 

to the Xbaya software, which is a graphical modeller for scientific workflows. 

Phala is a case-ÉÈÚÌËɯÙÌÈÚÖÕÐÕÎɯÈ××ÓÐÊÈÛÐÖÕȮɯÞÏÐÊÏɯɁȻȱȼɯÚÜÎÎÌÚÛÚɯÕÌßÛɯÚÛÌ×ÚȮɯÖÙɯ

extensions, from a partially authored workflow to an incrementally more 

developed ÞÖÙÒÍÓÖÞɂɯ(Leake and Kendall-Morwick, 2008, p.273). Figure 2.12 

shows the Phala Plugin when providing suggestions to users based on a current 
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state of a workflow. The cases contain execution traces of previous workflows ɬ 

ÛÏÐÚɯÌßÌÊÜÛÐÖÕɯÛÙÈÊÌÚɯÊÖÕÚÐÚÛÚɯÖÍɯɁ2ÌØÜÌÕÊÌɯȻȱȼȮɯ -#-ÑÖÐÕɯȻȱȼɯÈÕËɯ -#-split 

ȻȱȼɯÊÖÕÛÙÖÓɯ×ÈÛÛÌÙÕÚɂɯ(Leake and Kendall-Morwick, 2008, p.273). 

2.3.3 CBR for Workflow Monitoring 

Kapetanakis et al. (2010) introduced a CBR-based monitoring system of 

workflows. The system informs the process owner or managers about potential 

issues and gives advice how to deal with the issue. The system is called CBR 

Workflow Intelligent Monitoring System (CBR -6(,2ȺɯÈÕËɯɁȻȱȼɯÜÚÌÚɯÛÏÌɯ"!1ɯ

system to retrieve past useful experience about workflow problems occurred in 

the past by retrieving similar sequences of events/actions and context in the event 

log for a given workflow (or workflow part) compared to the current state and 

ÙÌÊÌÕÛɯÚÌØÜÌÕÊÌɯÖÍɯÌÝÌÕÛÚɤÈÊÛÐÖÕÚɯÐÕɯÛÏÌɯÖ×ÌÙÈÛÐÖÕɯÖÍɯÛÏÌɯÞÖÙÒÍÓÖÞɂɯ(Kapetanakis 

et al., 2010, p.397). 

 

Figure 2.13: Graph Representation of temporal Relationships (Kapetanakis et al., 2010) 

Such a representation of a temporal graph is illustrated  in Figure 2.13. The used 

event log uses time intervals based on general time theory (Kapetanakis et al., 

2010). The proposed system uses UML activity diagrams, which are mapped 

using the BPMN specification to BPEL as execution and storage language 

(Kapetanakis et al., 2010). The cases in the proposed system consist of the 

ÔÌÕÛÐÖÕÌËɯÎÙÈ×ÏɯÉÈÚÌËɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕɯÊÖÕÛÈÐÕÐÕÎɯɁȻȱȼɯÌÝÌÕÛÚȮɯÈÊÛÐÖÕÚȮɯÐÕÛÌÙÝÈÓÚɯ

ÈÕËɯÛÏÌÐÙɯÛÌÔ×ÖÙÈÓɯÙÌÓÈÛÐÖÕÚÏÐ×Úɂɯ(Kapetanakis et al., 2010, p.392). 

Montani and Leonardi (2012) introduced an approach to monitor business 

processes by retrieving similar traces of previous ly  executed business processes. 
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Their work cooperates with the process mining toolkit ProM (Verbeek, Buijs, van 

Dongen and van der Aalst, 2010). 

2.3.4 CBR for Process Life Cycle Support 

Weber et al. (2009) developed an approach to support process-aware information 

systems (PAISs) using case-based reasoning (see Figure 2.14). This ProCycle 

È××ÙÖÈÊÏɯ ÛÙÈÊÒÚɯ ɆȻȱȼɯ ÊÏÈÕÎÌÚɯ ÖÍɯ ÐÕËÐÝÐËÜÈÓɯ ×ÙÖÊÌÚÚɯ ÐÕÚÛÈÕÊÌÚɯ ÈÕËɯ ÛÏÌɯ

propagation of process Ûà×ÌɯÊÏÈÕÎÌÚɯȻȱȼɆɯ(Weber et al., 2009, p.1). Process 

participants can ÙÌÛÙÐÌÝÌɯÈÕËɯÙÌÜÚÌɯÊÖÕÛÌßÛÜÈÓɯɆȻȱȼɯÒÕÖÞÓÌËÎÌɯÈÉÖÜÛɯ×ÙÌÝÐÖÜÚÓàɯ

performed changes. If similar instance deviations occur frequ ently, process 

engineers will be supported in deriving improved process models from them" 

(Weber et al., 2009, p.1). 

 

Figure 2.14: Process Life Cycle Support with Adaptive PAISs (Weber et al., 2009) 

2.3.5  Business Processes and Business Rules 

Business Rules are a possibility to make execution of knowledge-intensive 

processes more flexible and even slightly adaptable (Endl, Knolmayer and 

Pfahrer, 1998; Witschel et al., 2010; Martin and Brun, 2010; Feldkamp, 

Hinkelmann and Thönssen, 2007). These approaches follow the distinction of 

process knowledge and functional  knowledge, where process knowledge is 
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represented in a process model while functional knowledge is represented as 

business rules (Ross and Lam, 2011). Nevertheless, these approaches depend on 

initial process models. An  initial model means that a basic structure is given and 

extended with knowledge -intensive tasks (Feldkamp, Hinkelmann and 

Thönssen, 2007). These knowledge-ÐÕÛÌÕÚÐÝÌɯÛÈÚÒÚɯɁȻȱȼɯÈÙÌɯÖ×ÛÐÖÕÈÓÓàɯÌßÌÊÜÛÌËɯ

ËÌ×ÌÕËÐÕÎɯÖÕɯÐÕÍÖÙÔÈÛÐÖÕɯÚ×ÌÊÐÍÐÊɯÍÖÙɯÛÏÌɯÊÌÙÛÈÐÕɯ×ÙÖÊÌÚÚɯÐÕÚÛÈÕÊÌɂɯ(Witschel et 

al., 2010, p.3). This information can be application data, process data, functional 

data, or further information about needed resour ces that are semantically 

described (Brander, Hinkelmann,  Martin and Thönssen, 2011b). 

The use of business rules for process execution has been developed and 

evaluated in the European funded research project FIT (Feldkamp, Hinkelmann 

and Thönssen, 2007) and further developed in MATURE. One outcome of the 

MATURE project was t he agile business process management system KISSmir 

(Martin and Brun, 2010). The system uses a personal task management front-end, 

which allows the par ticipants to log all executed tasks and resources used. It also 

allows adding new subtasks, which can be regarded as a rudimentary  kind of 

case description. The demonstrator is currently being evaluated based on a real 

application scenario, namely the process of selecting students for admission in 

an academic programme. In this scenario, exceptional situations and knowledge-

intensive decisions are frequent. 

2.4 Results and Discussion 

As mentioned above, this chapter can give only a brief overview of the literat ure 

that was investigated in-depth. The related work shows that there exist related 

research efforts having the same overall topics or using the same basic 

technologies, which gives the opportunity to rely on existing technologies and 

methods. Apart from that, the preliminary literature review shows that this 

research work is located in a highly relevant research direction.  
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3 Research Methodology and 

Design 

Scientific research needs to be differentiated  from solution  development or 

engineering with in the industry. Nevertheless, scientific information research 

should have an impact upon the industry  and society by following the principles 

ÖÍɯɁȻȱȼɯabstraction, originality  justification,  ÈÕËɯ×ÜÉÓÐÊÈÛÐÖÕɂɯ(Österle et al., 2010, 

p.9). 

This section deals with the underlying principles of research and the research 

methodology itself. It begins with a general investigation  of information systems 

research (Section 3.1), followed by a general investigation on meta-research 

(Section 3.3). Both of these investigations guide the selection of the underlying 

research strategy of design science research (Section 3.2). Finally, the selected 

research design and process (Section 3.4) are described. 

3.1 Information Systems Research 

The goal of the information  systems (IS) research is to simultaneously impact 

business and society and drive the innovation of those entities. In a widely 

accepted memorandum of 10 authors, including 111 supporting full professors  

from the European IS research community, it was stated that IS research needs to 

ÉÌɯɁȻȱȼɯÉÌÕÌÍÐÊÐÈÓɯÍÖÙɯÚÖÊÐÌÛàɯÈÕËɯÉÜÚÐÕÌÚÚɂɯÐÕɯÈÕɯÈctive and innovative manner  

(Österle et al., 2010, p.7). Conversely, the more behaviouristic IS research 
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approach, rooted in  a primarily Anglo -Saxon business school culture , is more 

focused on observations and user behaviour in a descriptive manner. In the 

above-mentioned memorandum, Österle et al. (2010) stipulated the European IS 

view as design-oriented IS research. This design-oriented IS research has a 

number of similarities  to the design-science ÙÌÚÌÈÙÊÏȮɯÞÏÐÊÏɯÉÌÊÈÔÌɯɁȻȱȼɯÈɯnewly  

emerging branch of Anglo -2ÈßÖÕɯ(2ɯÙÌÚÌÈÙÊÏɂɯ(Österle et al., 2010, p.8). Both 

design-oriented IS and design science research try to pro duce scientific results 

(artefacts) that are relevant to business and society. 

3.1.1 Research Objects in Design-oriented IS Research 

Österle et al. (2010, p.8) defined the research objects in design-oriented IS as 

ÍÖÓÓÖÞÚȯɯɁ(2ɯÈÙÌɯÚÖÊÐÖÛÌÊÏÕÐÊÈÓɯÐÕɯÕÈÛÜÙÌɯÈÕËɯÊÖÔ×ÙÐÚÌËɯÖÍɯÛÏÙÌÌɯÖÉÑÌÊÛɯÛà×ÌÚȮɯ

namely people (i.e. human task bearers), information and communications 

technology (i.e. technical task bearers) and organizational concepts (i.e. functions, 

structures and processes) as well as ÛÏÌɯÐÕÛÌÙÙÌÓÈÛÐÖÕÚÏÐ×ÚɯÉÌÛÞÌÌÕɯÛÏÌÔɂȭɯ3ÏÌɯ

contribution of design -oriented IS research to the body of knowledge is made by 

ÚÊÐÌÕÛÐÍÐÊɯ×ÜÉÓÐÊÈÛÐÖÕÚɯÈÕËɯɁȻȱȼɯÉàɯÛÏÌɯÌß×ÌÙÐÌÕÊÌÚɯÈÕËɯÒÕÖÞÓÌËÎÌɯÈÊÊÜÔÜÓÈÛÌËɯ

in business concerning IS, software products, organizational concepts, methods, 

ÈÕËɯÛÖÖÓÚɂ (Österle et al., 2010, p.8). 

3.1.2 Research Objective in Design-oriented IS Research 

The overall research objective of design-ÖÙÐÌÕÛÌËɯ(2ɯÙÌÚÌÈÙÊÏɯÐÚɯɁȻȱȼɯÛÖɯËÌÝÌÓÖ×ɯ

ÈÕËɯ×ÙÖÝÐËÌɯÐÕÚÛÙÜÊÛÐÖÕÚɯÍÖÙɯÈÊÛÐÖÕɯȻȱȼɯthat allow the design and operatio n of IS 

and innovative concepts within IS (instancesȺɂɯ(Österle et al., 2010, p.8). Design-

oriented IS research tries ÛÖɯÉÜÐÓËɯɁÈɯÛÖ-ÉÌɯÊÖÕÊÌ×ÛÐÖÕɂɯÙÈÛÏÌÙɯthan primarily 

ÈÕÈÓàÚÐÕÎɯɁÈÕɯÈÚ-ÐÚɯÚÐÛÜÈÛÐÖÕɂɯsuch as in behaviouristic IS research (Österle et al., 

2010). 
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3.1.3 Results in Design-oriented IS Research 

A result of a design-oriented IS research and design science research process is 

that researchers create certain artefacts such as ɁȻȱȼɯÊÖÕÚÛÙÜÊÛÚɯȹÌȭÎȭȮɯÊÖÕÊÌ×ÛÚȮɯ

ÛÌÙÔÐÕÖÓÖÎÐÌÚȮɯÈÕËɯÓÈÕÎÜÈÎÌÚȺȮɯÔÖËÌÓÚȮɯÔÌÛÏÖËÚȮɯÈÕËɯÐÕÚÛÈÕÛÐÈÛÐÖÕÚɯȻȱȼɂɯȹÌȭÎȭɯ

implemented prototypes) (Österle et al., 2010, p.9). Such artefacts can then result 

ÐÕɯÚ×ÌÊÐÍÐÊɯÔÈÕÐÍÌÚÛÈÛÐÖÕÚɯÍÖÙɯÌȭÎȭɯɁȻȱȼɯÈßÐÖÔÚȮɯÎÜÐËÌÓÐÕÌÚȮɯÍÙÈÔÌÞÖÙÒÚȮɯÕÖÙÔÚȮɯ

patents, software (with open source code), business models, enterprise start-ups 

ÈÕËɯÔÜÊÏɯÔÖÙÌɂɯ(Österle et al., 2010, p.9). 

3.1.3.1 Research Process and Methods in Design-oriented IS Research 

Design-oriented IS research and design science research have a common research 

process with similar iterative phases (see the following Figure 3.1). 

 

Figure 3.1: Design-oriented IS Research and Design Science Research 

Österle et al. (2010, p.9) defined the research process for design-oriented IS 

research using four phases called analysis, design, evaluation, and diffusion. The 

design science research process model of Vaishnavi and Kuechler (2004) consists 

of five phases namely awareness, suggestion, development, evaluation and 

conclusion. The design science research process derived from Vaishnavi and 

Kuechler (2004) was used in this study and  is further explained in Section 3.2. 

The evaluation and diffusion phases in design-oriented IS research and the 

evaluation and conclusion phases in design science research can be clearly 

mapped. The awareness phase of the design science research fits into the analysis 

phase of design-oriented IS research. Parts of the design science suggestion phase 

may fit into the analysis phase of design-oriented IS research, but may also fit 

into  the design phase because a suggestion can be considered a tentative design 

of an artefact. Although the research phases are not entirely similar , both research 

processes use similar methods. Methods in the analysis phase ɁȻȱȼɯÈÙÌɯÚÜÙÝÌàÚȮɯ

(1) Analysis (2) Design (3) Evaluation (4) Diffusion

(1) Awareness (2) Suggestion (3) Development (4) Evaluation (5) Conclusion

Design-oriented IS 

research

Design science 

research
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ÊÈÚÌɯÚÛÜËÐÌÚȮɯÌß×ÌÙÛɯÐÕÛÌÙÝÐÌÞÚȮɯÈÕËɯ(2ɯÈÕÈÓàÚÐÚɯȹÌȭÎȭȮɯËÈÛÈÉÈÚÌɯÈÕÈÓàÚÐÚȺɂɯ(Österle 

et al., 2010, p.9). For the desÐÎÕɯ ×ÏÈÚÌɯ ɁȻȱȼɯ ËÌÔÖÕÚÛÙÈÛÐÖÕɯ ÖÙɯ ×ÙÖÛÖÛà×Ìɯ

construction, modeling  with CASE tools, reference modeling , and method 

ÌÕÎÐÕÌÌÙÐÕÎɯȻȱȼɂɯÐÚɯÜÚÌËɯ(Österle et al., 2010, p.9). Moreover, the evaluation can 

be done using Ɂlaboratory experiments, pilot applications (i.e., instantia tion of 

prototypes), simulation procedures, expert reviews, and field experiments (i.e., 

instantiations in a number of user organizationsȺɂɯ(Österle et al., 2010, p.9). 

3.2 Design Science Research 

Design science research (DSR) can be seen as an artefact creation and 

investigation process. Such artefacts can be constructs, models, methods, 

instantiations or design theories (Hevner and Chatterjee, 2010). Hevner and 

Chatterjee (2010, p.5) ËÌÍÐÕÌËɯ ËÌÚÐÎÕɯ ÚÊÐÌÕÊÌɯ ÙÌÚÌÈÙÊÏɯ ÈÚɯ ɁȻȱȼɯ Èɯ ÙÌÚÌÈÙÊÏɯ

paradigm in which a designer an swers questions relevant to human problems 

via the creation of innovative artifacts, thereby contributing new knowledge to 

ÛÏÌɯÉÖËàɯÖÍɯÚÊÐÌÕÛÐŗÊɯÌÝÐËÌÕÊÌȭɯ3ÏÌɯËÌÚÐÎÕÌËɯartifacts are both useful and 

ÍÜÕËÈÔÌÕÛÈÓɯÐÕɯÜÕËÌÙÚÛÈÕËÐÕÎɯÛÏÈÛɯ×ÙÖÉÓÌÔȭɂɯ3ÏÐÚɯÈÙÛÌÍÈÊÛɯcreation process 

generates and accumulates knowledge (Owen, 1998). ɁThe fundamental 

principle of  design science research is that knowledge  and understanding of a 

design problem and its solution are acquired in the building and application of 

ÈÕɯÈÙÛÌÍÈÊÛɂɯ(Hevner and Chatterjee, 2010, p.5). 

The general design science research methodology based on Vaishnavi and 

Kuechler (2004) contains five steps (see Figure 3.2): awareness of the problem, a 

suggestion for  a solution, the development of the artefact(s), the evaluation of the 

artefact(s) and a conclusion. This work followed the methodology of design 

science research (DSR) as introduced by Vaishnavi and Kuechler (2004) was 

enhanced with elements from Peffers et al. (2007). As displayed  in Figure 3.2, the 

process begins with (1) an awareness phase in which the research problem is 

addressed and motivated in a problem relevance description. The outcome of the 
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(2) suggestion phase is a tentative design of the approach and the system. For 

iterative and agile development, it is suitable to execute the (3) development in 

incremental cycles. Iterative and agile approaches divide  the requirements into 

smaller portions and demonstrate the solution (also called increments) using 

small use cases (Métrailler, 2011). After performing the incremen tal development 

phase, the artefact should be evaluated as a whole with in the (4) evaluation step. 

Finally, the results are generally  presented in scholarly and professional 

publications in the (5) conclusion step. 

 

Figure 3.2: General Methodology of Design Science Research (adapted from Vaishnavi and 

Kuechler (2004) and enhanced with elements from Peffers et al. (2008)) 

3.3 Meta Research Methodology 

The meta-research methodology is the underlying basis for every research 

project. In the following , this is described using a possible meta-research layering 

model (adapted from Saunders, Lewis and Thornhill (2007)). 
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Figure 3.3: Research Layering (adapted from Saunders, Lewis and Thornhill (2007)) 

The research layering  (see Figure 3.3), provides  an overview of the different 

aspects of a research design and possible philosophies, approaches and 

strategies. It introduces layers ɬ beginning with  philosophy, then the approach, 

the strategy, the choices and the time horizons  ɬ to the research techniques and 

procedures. The original research onion of Saunders, Lewis and Thornhill (2007) 

was adapted with regards to the layering . It is therefore obvious that the layering 

and underlying sequence are not determining factor s ɬ the research layering 

provides a guideline for the research undertaking. 

3.3.1 Theory and Research Strategy 

As presented in Figure 3.4 and Figure 3.7, the research layering was divided  into 

two separate layerings. This section, along with the corresponding Figure 3.4, 

focuses on the philosophy, approaches and strategy of a research project. 

 

Figure 3.4: Theoretical Perspectives and Research Strategies (adapted from Saunders, Lewis 

and Thornhill (2007) and Denzin and Lincoln (2011)) 

The method selection for the collection and analysis of data, insights and 

knowledge , will be discussed in Section 3.3.2. 
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3.3.1.1 Research Philosophy 

According to Saunders, Lewis and Thornhill (2007) there are three major thought 

processes regarding research philosophies (basic beliefs): 

1. The first is epistemologyȭɯ ɁȻ(Ûȼɯ ÊÖÕÊÌÙÕÚɯ ÞÏÈÛɯ ÊÖÕÚÛÐÛÜÛÌÚɯ ÈÊÊÌ×ÛÈÉÓe 

knowledge in a field of st udyɂɯ(Saunders, Lewis and Thornhill, 2007, 

p.102). The underlying question for epistemology based on Guba and 

Lincoln  (1994, p.108) ÐÚȯɯɁ6ÏÈÛɯÐÚɯÛÏÌɯÍÖÙÔɯÈÕËɯÕÈÛÜÙÌɯÖÍɯÙÌÈÓÐÛàɯÈÕËȮɯ

therefore, what is there that be known about itɂ? In short , Ɂ'ÖÞɯËÖɯ(ɯ

knowɂ (Durant -Law, 2005, p.14)? 

2. Ontology ɁȻȱȼɯÐÚɯÊÖÕÊÌÙÕÌËɯÞÐÛÏɯÕÈÛÜÙÌɯÖÍɯÙÌÈÓÐÛàȭɯ3ÖɯÈɯÎÙÌÈÛÌÙɯextent than 

epistemological considerations, this raises questions of the assumptions 

researchers have about the way the world operates and the commitment 

held to particular  viewsɂɯ(Saunders, Lewis and Thornhill, 2007, p.108). 

The underlying question for ontology based on Guba and Lincoln  (1994, 

p.108) ÐÚȯɯɁ6ÏÈÛɯÐÚɯÛÏÌɯÕÈÛÜÙÌɯÖÍɯÛÏÌɯÙÌÓÈÛÐÖÕÚÏÐ×ɯÉÌÛÞÌÌÕɯÛÏÌɯÒÕÖÞÌÙɯȻȱȼɯ

and what  can be knownɂ? In shortȮɯɁ6ÏÈÛɯÌßÐÚÛÚɂ (Durant -Law, 2005, 

p.14)? 

3. Finally,  axiology is ɁȻȱȼɯÈɯÉÙÈÕÊÏɯÖÍɯ×ÏÐÓÖÚÖ×ÏàɯÛÏÈÛɯÚÛÜËÐÌÚɯÑÜËÎÌÔÌÕÛÚɯ

about value. Although this may include values Ȼȱ] in the fields of 

aesthetics and ethics, it is thÌɯ×ÙÖÊÌÚÚɯÖÍɯÚÖÊÐÈÓɯÌÕØÜÐÙàɯȻȱȼɂɯ(Saunders, 

Lewis and Thornhill, 2007, p.110). The underlying question for axiology is 

based on Vaishnavi and Kuechler  (2004, p.21)ȯɯɁ6ÏÈÛɯÝÈÓÜÌÚɯËÖÌÚɯÈÕɯ

ÐÕËÐÝÐËÜÈÓɯÖÙɯÎÙÖÜ×ɯÏÖÓËɯÈÕËɯÞÏàɂ? In short , Ɂ6ÏÈÛɯÐÚɯÝÈÓÜÈÉÓÌɂ (Durant -

Law, 2005, p.14)? 
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 It is often difficult  to decide in which research 

philosophy a n entire  research work, namely a 

thesis, ÛÈÒÌÚɯ×ÓÈÊÌɯÈÕËɯɁÛÏÌɯËÌÉÈÛÌÚɯÖÕɯÉÖÛÏɯ

epistemology and ontology have had a 

competitive ring to them. The debate is often 

framed regarding a choice between either the 

positivist or the interpretivist  research 

×ÏÐÓÖÚÖ×Ïàɂ (Saunders, Lewis and Thornhill, 

2007, p.120). In practice, it is unrealistic to 

choose one approach for an entire work. It is more important that a researcher 

knows ÏÐÚɯÖÙɯÏÌÙɯ×ÏÐÓÖÚÖ×ÏÐÊÈÓɯÚÛÈÕÊÌȮɯÉàɯÍÐÕËÐÕÎɯÛÏÌɯɁÚÞÌÌÛɯÚ×ÖÛɂȭɯ3ÏÐÚɯɁÚÞÌÌÛɯ

Ú×ÖÛɂɯÐÚɯÙÌÍÌÙÙÌËɯto by Durant -Law (2005, p.15) as a philosophical alignment (see 

Figure 3.5ȺɯɁȻȱȼɯwhere the overlap between ontological, epistemological and 

axiological positions is maximisedɂȭɯ -ÌÝÌÙÛÏÌÓÌÚÚȮɯ ÛÏÌɯ ÍÖÓÓÖÞÐÕÎɯ ×ÙÖÔÐÕÌÕÛɯ

research philosophies can be identified : 

Positivism deals with the social reality, meaning that a result of an È××ÙÖÈÊÏɯɁȻȱȼɯ

can be law-like generalisations similar to those produced by the physical and 

natural scientistsɂɯ(Remenyi and Williams, 1998, p.32). 

¶ The realism philosophy can be regarded as ɁÛÏÈÛɯÞÏÈÛɯÛÏÌɯÚÌÕÚÌÚɯÚÏÖÞɯÜÚɯ

ÈÚɯÙÌÈÓÐÛàɯÐÚɯÛÏÌɯÛÙÜÛÏȭɯȻȱȼɯ3ÏÌɯÛÏÌÖÙàɯÖÍɯÙÌÈÓÐÚÔɯÐÚɯÛÏÈÛɯÛÏÌÙÌɯÐÚɯÈɯÙÌÈÓÐÛy 

quite independent of the mind ɂɯ(Saunders, Lewis and Thornhill, 2007, 

p.104). 

¶ Researchers following the interpretivism research philosophy argue that 

ɁȻȱȼɯÛÏÌɯÚÖÊÐÈÓɯÞÖÙÓËɯÐÚɯÍÈÙɯÛÖÖɯÊÖÔ×ÓÌßɯÛÖɯÓÌÕËɯÐÛÚÌÓÍɯÛÖɯÛÏÌÖÙÐÚÐÕÎɯÉàɯ

ËÌÍÐÕÐÛÌɯȿÓÈÞÚɀɯÛÏÌɯÚÈÔÌɯÞÈàɯÈÚɯÛÏÌɯ×ÏàÚÐÊÈÓɯÚÊÐÌÕÊÌÚȮɯȻȱȼɯÐÛɯÐÚɯÕÌÊÌÚÚÈÙàɯ

for the researcher to understand differ ences between humans in our role 

as social actors. This emphasises the difference between conducting 

ÙÌÚÌÈÙÊÏɯÈÔÖÕÎɯ×ÌÖ×ÓÌɯÙÈÛÏÌÙɯÛÏÈÕɯÖÉÑÌÊÛÚɯÚÜÊÏɯÈÚɯÛÙÜÊÒÚɯÈÕËɯÊÖÔ×ÜÛÌÙÚɂɯ

(Saunders, Lewis and Thornhill, 2007, p.106). 

Philosophical
Alignment 

Epistemology

Axiology Ontology

Figure 3.5: Philosophical Trinity 

(adapted from Durant -Law (2005)) 
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¶ Objectivism ɁȻȱȼɯportrays the position that social entities exist in reality 

ÌßÛÌÙÕÈÓɯÛÖɯÚÖÊÐÈÓɯÈÊÛÖÙÚɯÊÖÕÊÌÙÕÌËɯÞÐÛÏɯÛÏÌÐÙɯÌßÐÚÛÌÕÊÌɂɯ(Saunders, Lewis 

and Thornhill, 2007, p.108). 

¶ Subjectivism ɁȻȱȼ holds that social phenomena are created from the 

perceptions and consequent actions of those social actors concerned with 

ÛÏÌÐÙɯÌßÐÚÛÌÕÊÌɂɯ(Saunders, Lewis and Thornhill, 2007, p.108). 

¶ In pragmatism the research questions are the most important element that 

ËÌÛÌÙÔÐÕÌÚɯÞÏÐÊÏɯÙÌÚÌÈÙÊÏɯ×ÏÐÓÖÚÖ×ÏàɯÚÏÖÜÓËɯÉÌɯÈËÖ×ÛÌËȭɯɁ.ÕÌɯȻÙÌÚÌÈÙÊÏɯ

philosophy] may be 'better' than the other for answering particular 

questionsɂ (Saunders, Lewis and Thornhill, 2007, p.110). 

¶ Besides the two prominent research philosophies (positivist and 

interpretivist) in natural and social science, Gregg, Kulkarni and Vinzé  

(2001) introduce d, based on Guba and Lincoln  (1994), socio-

technologist/developmentalist as a meta-research assumption. Vaishnavi and 

Kuechler (2004) adapted this assumption and denoted it as a design 

research philosophy. 

Table 3.1: Major Research Philosophies and Beliefs compared (adapted from  Gregg, Kulkarni 

and Vinzé (2001) and Vaishnavi and Kuechler  (2004)) 

Positivism Interpretivism Design 

Epistemology: What is the nature of knowledge? 

Objectivity is important. 

Detached observer of truth. 

Subjectivity: Interactive link 

between participant(s) and 

researcher. Explicit values 

and findings. 

Objective, interactive and 

iterative construction within a 

context. ñKnowing through 

makingò. 

Ontology: What is the nature of reality? 

One reality. Knowledge based 

on probability. 

Multiple social constructed 

realities. 

Known context; multiple 

technical and socially 

constructed realities. 
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Axiology: What is of value? 

Truth; universal and beautiful; 

prediction. 

Understanding; situated and 

description. 

Control; creation; progress 

and improving; 

understanding. 

Methodology: What is the research approach for obtaining  

the desired knowledge and understanding? 

Observation; primarily 

quantitative, decontextualized 

and statistical. 

Participation; primarily 

qualitative, hermeneutical and 

dialectical. 

Primarily developmental; 

Measure impact of an artefact. 

3.3.1.2 Research Approach 

Saunders, Lewis and Thornhill (2007) distinguish ed 

between the two research approaches (s. Figure 3.6): 

¶ From the specific to the general (Trochim, 

2006): The inductive approach has its origin in  

the social sciences. It begins with an 

observation with the goal of identify ing 

patterns based on cause-effect relationships. 

The data collection could be done, for 

example, through  interviews. After 

collecting the data, the analysed data is used 

to formulate a hypothesis and devise a 

theory. 

¶ From the general to the specific (Trochim, 

2006): The deductive approach begins by 

deducting a hypothesis from  theory, 

expressing the hypothesis in operational terms, making observations, 

examining the outcome (confirmation or falsification) and if needed , 

modifying the theory (Robson, 2002). 

Theory

Ƹ

Hypothesis

Ƹ

Observation

Ƹ

Confirmation

Observation

Ƹ

Pattern

Ƹ

Tentative Hypothesis

Ƹ

Theory

Ҧ Deductive

Ҧ Inductive

Figure 3.6: Induction  and  

Deduction  (adapted from 

Trochim  (2006)) 
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3.3.1.2.1 Research Approach in Design-oriented IS 

Following a design -oriented (information systems) research strategy, e.g. design-

science research, a deductive research approach is primarily  applied. A formal 

(using mathematics) or semi-formal (e.g. conceptual) deduction would be the 

ideal situation (Österle et al., 2010). However , in design-science research, it is 

rarely the case that an artefact can be evaluated formally (Österle et al., 2010). It 

is more likely  ÛÏÈÛɯɆȻȱȼɯËÌÚÐÎÕ-oriented IS research takes advantage of natural -

language (i.e. argumentative) deduction, taking into account  existing theories 

and models" (Österle et al., 2010, p.9). In contrast to this, a single case study 

inferencing would be an example of an inductive approach with in design-science 

research (Österle et al., 2010). However,  this is also rarely the case. 

3.3.1.3 Research Strategy 

The research strategy can be seen as a process or a plan for a research project. 

Saunders, Lewis and Thornhill  (2015, p.177) have defined ÙÌÚÌÈÙÊÏɯÚÛÙÈÛÌÎàɯɁȻȱȼ 

as a plan of how a researcher will go about answering her or his research 

ØÜÌÚÛÐÖÕɂȭɯ 3ÏÌɯ ÙÌÚÌÈÙÊÏɯ ÓÈàÌÙÐÕÎɯ ÓÐÚÛÚɯ ÛÏÌɯ ÍÖÓÓÖÞÐÕÎɯ ÙÌÚÌÈÙÊÏɯstrategies: 

experiment, survey, case study, action research, grounded theory, ethnography 

and archival research. Of course, this is not an all-encompassing list  and the 

following paragraphs will only describe the most prominent ones.  

Action research has been defined by  Avison, Lau, Myers and Nielsen  (1999, p.94) 

as the followin g: Ɂ ÊÛÐÖÕɯÙÌÚÌÈÙÊÏɯÊÖÔÉÐÕÌÚɯÛÏÌÖÙàɯÈÕËɯ×ÙÈÊÛÐÊÌɯȹÈÕËɯÙÌÚÌÈÙÊÏÌÙÚɯ

and practitioners) through change and reflection in an immediate problematic 

situation within a mutually acceptable ethical framework ɂȭɯ2ÈÜÕËÌÙÚȮɯ+ÌÞÐÚɯÈÕËɯ

Thornhill  (2007) have identified  four common sub-themes of action research. 

First, it is research in action and conducted with those who experience the issues 

directly. Secondly, there exists a partnership between practitioners and 

researchers, whereas the research can act as an internal  or external consultant. 

Thirdly, an iterative process of diagnosing, planning, taking action and 
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evaluating occurs. Fourthly, the gained knowledge should be used to inform 

other contexts (e.g. with in the organisation).  

Robson (2002, p.178) has defined case study ÈÚɯɁȻȱȼɯÈɯÚÛÙÈÛÌÎàɯÍÖÙɯËÖÐÕÎɯÙÌÚÌÈÙÊÏɯ

which involves an empirical investigation of a particular contemporary 

×ÏÌÕÖÔÌÕÖÕɯÞÐÛÏÐÕɯÐÛÚɯÙÌÈÓɯÓÐÍÌɯÊÖÕÛÌßÛɯÜÚÐÕÎɯÔÜÓÛÐ×ÓÌɯÚÖÜÙÊÌÚɯÖÍɯÌÝÐËÌÕÊÌɂȭ 

Saunders, Lewis and Thornhill  (2007) view  case studies as explanatory and 

exploratory research which use various data collection techniques. A case study 

is able to generate answers to the questions ɁÞÏàɂȮ ɁÞÏÈÛɂɯÈÕËɯɁÏÖÞɂȭ 

Experiments can be seen ÈÚɯÈɯɁȻȱȼɯÊÓÈÚÚÐÊÈÓɯÍÖÙÔɯÖÍɯÙÌÚÌÈÙÊÏɯÛÏÈÛɯÖÞÌÚɯÔÜÊÏɯÛÖɯ

the natural sciencesɂ (Saunders, Lewis and Thornhill, 2007, p.136). Experiments 

tend to be used in exploratory  and explanatory research and try to answer the 

Ɂhowɂ and Ɂwhyɂ questions (Saunders, Lewis and Thornhill, 2007). Saunders, 

Lewis and Thornhill  (2007) have provided  a summary  of what experiments 

typically involve: Experiments begin with a definition of a theoretical hypothesis. 

A selection of samples from known populations are allocated to the conditions, 

the experimental group and the control group. The variables are then 

manipulated and controlled . 

Design Science Research, as described in Section 3.2, can be seen as an artefact 

creation and investigation process in contrast to observations on existing 

artefacts. This creation process can be referred to as actions which generate and 

accumulate knowledge (Owen, 1998). The artefact is the main object of 

investigation and t he overall goal of the process. 

3.3.2 Research Methods of Collection and Analysis 

For conducting research, an adequate choice of a research method is essential. 

Examples (see Figure 3.8) of such research methods are experiments, testing, 

simulations, observations, questionnaires, interviews and case studies. 
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Figure 3.7: Research Methods of Collection and A nalysis (adapted from Saunders, Lewis and 

Thornhill (2007)) 

Researchers must make certain decisions (see Figure 3.7) concerning, qualitative 

and quantitative research methods, the time horizon , the data collection, sources 

and analysis. 

3.3.2.1 Research Method Classification and Choice 

 

Figure 3.8: Classification of Research Methods (adapted from De Villiers (2005)) 

As introduced in Section 3.3.1, research is based upon certain paradigms and 

philosophical assumptions. Positivism deals with reality, meaning that the 

results are generated using empirical methods and are regarded as absolute (De 

Villiers, 2005). Interpretivism assumes that the reality is complex and depended 

upon the given context. Therefore, the results of an interpretivistic research tend 

to be subjective. Nevertheless, interpretivistic research is regarded as adequate 

for investigating social and social -technical phenomena (De Villiers, 2005). 

Qualitative methods produc e a smaller sample of data that is less quantifiable 
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(Guba and Lincoln, 1994) and 

qualitative research has an 

interpretive nature (De Villiers, 

2005). In addition , qualitative 

methods produce data based on 

statistical methods (De Villiers, 

2005). Nevertheless, the distinction 

is not ideal, but limited and narrow. 

(ËÌÈÓÓàȮɯɆȻȱȼɯØÜÈÕÛÐÛÈÛÐÝÌɯÈÕËɯØÜÈÓÐÛÈÛÐÝÌɯÙÌÚÌÈÙÊÏɯÔÈàɯbe viewed as two ends of 

a continuum, which in practice are often mixed" (Saunders, Lewis and Thornhill, 

2015, p.165). 

Figure 3.9 presents the method classification as adapted from Saunders, Lewis 

and Thornhill (2007), which  can be used to describe whether a research project 

has a quantitative or qualitative method cho ice based on one method (mono-

method) or more than one method (multi -method). As previously mentioned, it 

is also often the case that quantitative and qualitative methods are selected, 

which is then  known as mixed-method choice. 

3.3.2.2 Time Horizons 

Time horizons have been distinguished , according to Saunders (2007, p.148), as 

being between cross-sectional and longitudinal. Cross-sectional studies investigate 

ɁÈɯ×ÈÙÛÐÊÜÓÈÙɯ×ÏÌÕÖÔÌÕÖÕɯȻȱȼɯÈÛɯÈɯ×ÈÙÛÐÊÜÓÈÙɯȻÈÕËɯÈɯsingle ×ÖÐÕÛɯÐÕȼɯÛÐÔÌɂ, 

whereas longitudinal studies investigate certain phenomenon at multiple time 

points over a longer period.  

3.3.2.3 Data Collection and Sources 

Many researchers tend to use a more simplified explanation as to what the 

difference is between primary and secondary data. Primary data is data that has 

been or will be collected by the researchers themselves using a quantitative or 

qualitative data collection method. Secondary data is data that has been or will be 

Method choice

Quantitative

Multi-method

Mono-method

Qualitative & 
quantitative

Mixed-method

Qualitative

Multi-method

Mono-method

Figure 3.9: Method Choice (adapted from 

Saunders, Lewis and Thornhill (2007)) 
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collected by someone else and is a data source that already exists. The 

differentiation focusses on whether the (secondary) data is collected second-hand 

or (primary) data is collected and analysed first -hand. It appears that it is less 

important how the data is collected regarding the research problem, method and 

context. Although, the relia bility and trustworthiness of the data can be ensured 

by the researchers themselves when the entire data collection processes is 

controlled  first -hand. Nevertheless, whether to use primary or secondary data 

should be decided based on the research fit (Hox and Boeije, 2005). Based on Hox 

and Boeije (2005), the differentiation between primar y and secondary data can be 

defined in conjunction with Figure 3.10 as follows: 

Definition 3.1: Primary and Secondary Data 

Primary data is data that has been collected and analysed first-hand for a specific 

research problem and with a first-hand research method selection that fits the research 

problem. Secondary data is data that has been collected for a different research goal 

and reused for a different research question or in a different context. 

Researchers may work or have already worked  on multiple research projects 

with similar research problems and similar approaches for  addressing these 

problems. Such research projects generally need certain data in order to  create an 

application scenario of the research as an application-oriented character or 

perform an evaluation if needed by the research design. It is, therefore, obvious 

that the data that has been collected and analysed for similar research problems 

with similar research questions in different contexts should be available. It is, 

therefore, also obvious that such first -hand data can be beneficial to the current 

research project by providing data source triangulation. Such first -hand data can 

be regarded as primary and secondary data. However, in order  to avoid a 

misunderstanding, the following definition defines first -hand secondary data as 

an additional data type  in conjunction wi th Figure 3.10. 
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Definition 3.2: First-hand Secondary Data 

First-hand secondary data is data that has been collected and analysed first-hand for 

similar research problems with similar research questions in different contexts and a 

research method selection that fits the similar research problem. 

First-hand secondary data may already be published in scientific publications or 

project reports, or captured in the same time-frame as the research that uses the 

first -hand secondary data. 

 

Figure 3.10: Primary and Secondary Data 

3.3.2.4 Data Triangulation and Analysis 

Data triangulation ensures the validity of the 

analysis of a phenomenon and helps to gain a 

deeper understanding  of that phenomenon 

(Cohen and Crabtree, 2006). A triangulation 

can be achieved by multiple data collection 

methods, sources, investigators or theoretical 

perspectives (Cohen and Crabtree, 2006)ȭɯɁ!àɯ

combining multiple observers, theories, 

methods and data sources, [researchers] can 

hope to overcome the intrinsic bias that comes from single-methods, single-

observer, and single-ÛÏÌÖÙàɯÚÛÜËÐÌÚɂɯ(Denzin, 2009, p.313). Based on Cohen and 

Crabtree (2006) and Patton (2015, p.661), the following types of triangulation are 

identified : 

Data

Primary data

Specific research problem

Selected research method

First-hand collection and analysis

First-hand secondary data

Secondary data

Different research question

Different context

Second-hand collection

Method 
triangulation

Source 
triangulation

Analyst 
triangulation

Theory 
triangulation

Figure 3.11: Data Triangulation  
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1. Method triangulation - multiple data collection methods.  

2. Source triangulation - different data sources from different time horizons 

or data capturing settings. 

3. Analyst  triangulation ɬ different observers and/or analysts. 

4. Theory triangulation ɬ different  theoretical perspectives (theory). 

3.4 Research Design and Process 

In previous sections, the general meta-research was described wherein the 

following needed elements for this thesis are selected: 

¶ Philosophy: Design 

¶ Approach: Inductive  

¶ Strategy: Design Science Research Strategy 

¶ Method: Qualitative Multi -Method  

The research was conducted using the design science research cycles based on 

Hevner, March, Park and Ram (2004) and the methodology based on Vaishnavi 

and Kuechler (2004). ɁDesign-science research must produce a viable artefact in 

ÛÏÌɯÍÖÙÔɯÖÍɯÈɯÊÖÕÚÛÙÜÊÛȮɯÈɯÔÖËÌÓȮɯÈɯÔÌÛÏÖËȮɯÖÙɯÈÕɯÐÕÚÛÈÕÛÐÈÛÐÖÕɂɯThe research 

findings were derived  from the elaboration of these artefacts. These artefacts, 

theories and processes were developed in design cycles (see Figure 3.12). 

Additionally, requirements were gathered during  the relevance cycle to ensure 

the businessɀÚ suitability  in design science research. The rigor  cycle ensured that 

the research work was well grounded using existing research work and 

methodologies. 

This research project used the design, relevance and rigor  cycles in conjunction 

with the with the design science research methodology based on Vaishnavi and 

Kuechler (2004). 



3 Research Methodology and Design 81 

© University of South Africa 2016 

 

Figure 3.12: Design Science Research Cycles (adapted from  Hevner and Chatterjee (2010) and 

Hevner et al. (2010; 2004)) 

3.4.1 Research Methods, Strategy and Choice 

This study was designed as a multi -method research choice ɬ it involve d several 

research and engineering methods (sometimes called research strategies ɬ see 

Saunders, Lewis and Thornhill (2007)). These were: 

¶ Design Science Research: As mentioned before, design science research is 

the overall research method used with in this study.  

¶ Application scenario (case study): The case study provided the business 

and real-ÓÐÍÌɯÊÖÕÛÌßÛɯÖÍɯÛÏÐÚɯÙÌÚÌÈÙÊÏɯ×ÙÖÑÌÊÛȭɯɁ ɯÊÈÚÌɯÚÛÜËàɯÐÚɯÈÕɯÌÔ×ÐÙÐÊÈÓɯ

inquiry that investigates a contemporary phenomenon within its real -life 

ÊÖÕÛÌßÛɂɯ(Yin, 2003, p.13). The application scenario, which is called the 

admission process, was created in the development phase. It was used in 

the development phase to demonstrate the prototype system iter atively  

and to act as a source of requirements. Finally,  it was used in the 

evaluation phase when the artefact was investigated. 
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¶ Requirements analysis (sometimes called requirements engineering): 

Requirements analysis and engineering is an engineering method and part 

of a software development process (Sommerville, 2011). Requirements 

engineering consists of several techniques or methods, such as use case 

analysis or personas (Cheng and Atlee, 2007). In this study , the 

requirements analysis was the first step performed with in the 

development phase of the case model (Chapter 6.4.1) and final prototype 

development (Chapter 8) using the application scenario and interviews.  

¶ Literature review: The literature review provide d a theoretical basis for  

this study ; It ensured ÛÏÈÛɯ ÛÏÐÚɯ ÞÖÙÒɯ ɁÊÙÌÈÛÌÚɂɯ ÚÖÔÌÛÏÐÕÎɯ ÕÌÞȭɯ 3ÏÌɯ

li terature review was linked the specific research objectives (Biggam, 2008) 

and research questions. One outcome of the literature review was a 

technical report, which was used as an introduction to case-based 

reasoning (CBR). 

¶ Interviews: The goal of the interviews with in this study waÚɯɁȻȱȼɯÛÖɯÎÈÛÏÌÙɯ

ÝÈÓÐËɯÈÕËɯÙÌÓÐÈÉÓÌɯËÈÛÈɯȻȱȼɂɯ(Saunders, Lewis and Thornhill, 2007, p.310) 

and answer the research questions. According to Bingham and Moore 

(1941)ȮɯÈÕɯÐÕÛÌÙÝÐÌÞɯÐÚɯÈɯɁÊÖÕÝÌÙÚÈÛÐÖÕɯÞÐÛÏɯÈɯ×ÜÙ×ÖÚÌɂɯ(cited by Kahn and 

Cannell, 1957, p.97). The first interview(s) were conducted during  the 

awareness phase in order to elaborate upon and verify the application 

scenario and describe the problem. Additionally, the interviews were a 

data source for the requirement analysis of the case model (Chapter 6.4.1), 

case-based reasoning services (Chapter 7) and final prototype 

development (Chapter 8). 

¶ $ß×ÌÙÐÔÌÕÛÚȯɯɁ3ÏÌɯ×ÜÙ×ÖÚÌɯÖÍɯÈÕɯÌß×ÌÙÐÔÌÕÛɯÐÚɯÛÖɯÚÛÜËàɯÊÈÜÚÈÓɯÓÐÕÒÚɂɯ

(Saunders, Lewis and Thornhill, 2007, p.136). The experiments helped 

answer the ɁÏÖÞɂɯÙÌÚÌÈÙÊÏɯØÜÌÚÛÐÖÕÚȭɯWithi n this study,  experiments 

were used in the evaluation phase. 
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3.4.2 Data Collection, Sources and Analysis 

The following research methods or strategies mentioned above were used for 

data collection and analysis: The application scenario, requirements analysis and 

interviews provided qualitative and primary data from a real -life context. The 

literature review was used to obtain secondary data. 

3.4.2.1 Types of Data and Sources 

In this study, three types of data sources were used. The primary data source 

type for  this study was first -hand secondary data, which was the main data 

source for the elicitation and design of the application scenario. In addition , 

secondary data sources, as well as literature and report s were also used. 

Moreover, primary data gained from interviews and analysed c ase data were also 

used for this study. The application scenario was derived from real -world use 

cases and the literature.  Pre-existing results, use cases and existing application 

data from related research projects were transferred to and re-analysed for this 

project. 

¶ Admission process scenario (main application scenario): The admission 

process for the Master of Science programmes at the University of Applied 

Sciences and Arts Northwestern Switzerland FHNW was a starting point 

for the research. The application scenario (see Section 4.2) was first 

analysed during the research project MATURE7. I was a member of the 

project team and actively involved in developing the v arious use cases. 

Even after the MATURE project was completed, the different stakeholders 

acted as domain specialists and application and evaluation partner s in this 

research project. 

                                                 

7The Integrating Project MATURE was co-funded by the European Commission under the 

Information and Communication Technologies (ICT) theme of the 7th Framework Programme 

FP7 (contract no. 216356) - mature-ip.eu 
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¶ Offering and project management scenario: Additional requirements were 

derived from the research project [sic!]8, in which a CBR system for the 

offer process and project management of a software company was 

developed. I was the project leader for  this research project, which had 

almost the same duration as this dissertation. The [sic!] research project 

ended in 2015. This research project also made it possible to derive 

requirements and have access to first-hand secondary data and primary 

data specifically for this thesis. This offering and project management 

scenario is used in this thesis for the evaluation and is described in Section 

9.4.1. 

¶ Process learning scenario: Finally, the research project LearnPAd, where I 

was a member of the project team, provided confirmatory evaluation 

results based on a different application scenario - the e-learning support 

of servants in public administrations.  This research project delivered 

additional first -hand secondary data for the evaluation  phase of this 

dissertation to underline the acceptance of the suggested and 

implemented CBR approach. This process learning scenario was used for  

this thesisɀɯevaluation and is described in Section 9.4.2. 

3.4.2.2 Primary Data 

As described in the method section, two primary data collection techniques,  (1) 

interviews and  (2) document and artefact study , were used in this research work. 

The qualitative interviews  were conducted during the awareness phase of this 

study in order to create the application scenario of the admission process, as well 

as during the suggestion and implementation phases. The stakeholders of the 

admission process were interviewed . The interview participants (domain 

specialists) were selected because they work with in the context of the process and 

                                                 

8[sic!] is funded by the Swiss Confederation's innovation promotion agency (CTI) . 
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were chosen based on their availability. The re were seven universal potential 

participants working  with in the context of the application scenario. Moreover, 

the minimal sample size was three. The interviews began with a semi-structured 

qualitative questionnaire followed by an open discussion concerning certain 

aspects of the application scenario or the suggested approach. The questionnaire 

is available in the appendix (see Appendix -C: Excerpt from the Interview 

Documentation ) of this study. The raw answers, including audio recordings , are 

confidential but paraphrased with in this study. Interviews with stakeholders : 

¶ The overall description of the application scenario and the case data were 

verified by the dean of the study programme (process owner) during an 

interview on  the 5th December 2014. This interview was recorded and 

freely transcribed. 

¶ The detailed process model and the initial version of the suggested 

approach were verified by two process members during two interviews , 

one on the 31st March 2015 and the other on the 10th April 2015. 

The document and artefact study was applied  as a qualitative research method 

in order to gain case data and process data to create the application scenario 

with in the awareness phase. This study used generalised, artificial and 

anonymized data that was derived  from student data (e.g. education, work 

experience). Since there was no need to identify real persons or relationships, the 

data were able to be anonymized and made artificial without distorting the 

research results. Additionally, the primary data collected was anonymized in 

order to comply  with  the collective employment agreement and the federal act 

on data protection, while the original raw data  has not left the original storage 

and must remain confidential.  

3.4.2.3 Secondary Data 

The admission process was initially elicited based on the results of the MATURE 

research project. As mentioned, I was a member of the project team and was 
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actively involved in creating the underlying use case. Thus, I had access to the 

raw data for this application scenario. The application scenario was made 

publically available with in two deliverables of the MATURE research project : 

¶ Nelkner et al. (2011): Nelkner , T., Hu, B., Martin, A., Brander, S., Braun, S., 

Riss, U., Attwell, G., Hinkelmann, K. and Berrio de Diego, M., 2011. D2.3 

/ D3.3 Design and Delivery of Prototype Version V2 of PLME / OLME. 

¶ Cook et al. (2012): Cook, J., Schmidt, A., Bradley, C., Barnes, S.-A., Bimrose, 

J., Brander, S., Braun, S., Brown, A., Kump, B., Kunzmann, C., Mazarakis, 

A., Nelkner, T., Pearson, C. and Taylor, I., 2012. D6.4 Summative Evaluation 

Report. 

The case data and a process model were derived from real data. Written 

recordings from interviews and notes from workshops were able to be used in 

this study. Everything was completely anonymized before storage in order  to 

comply  with  the regulations of the application partner and the federal act on data 

protection. The following first -hand secondary data were used for this study : 

¶ Initial process model and description  

¶ Case data (tasks, task descriptions, emails, documents, related process and 

task patterns and concrete user data) 

¶ Written remarks from interviews with different stakeholders  

¶ Written remarks from workshops and  written observations from  

evaluations wi th end users 

The CBR approach and the suggestion were developed for two application 

scenarios and used cases simultaneously . Besides the admission process, the offer 

process of a software company made it possible to confirm the usefulness of the 

suggested approach iteratively . The approach, as described in Chapter 5, was 

developed in this dissertation project and was also developed and verified  using 

the application scenario of the [sic!] research project. This thesis project used first -
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hand secondary data from a related research project, but no primary data were 

used from the software company. The first-hand secondary data used were: 

¶ References to publications containing the suggested approach (called 

ICEBERG) of this study , applied and implemented in a different 

context/use case 

¶ References to evaluation results 

Finally, in the research project Learn PAd, the suggested approach was 

implemented  in a different use case and evaluated with end-users of public 

administrations. The main deliverable that describ es the implementation and 

evaluation of the suggested approach of this study was: 

¶ Thönssen, Witschel, Hinkelmann and Martin  (2016): Thönssen, B., 

Witschel, H.-F., Hinkelmann, K. and Martin, A., 2016. Experience Knowledge 

Mechanisms and Representation. 

The evaluation results of the Learn PAd project were used in this study as first -

hand secondary data as an additional source regarding evaluation data 

triangulation. Additionally, the results of the Learn PAd concerning this 

approach were published in a delivarable (Thönssen et al., 2016) and will be 

published in a book chapter (Emmenegger et al., 2017, In Press). The first-hand 

secondary data used from the Learn PAd research project were: 

¶ References to evaluation results 

¶ References to a publication containing the suggested approach of this 

study applied and implemented in a different context and use case  

3.4.3 Adherence to the Design-Science Research Guidelines 

Hevner et al. (2004, p.83) has presented research guidelines for design-science 

research projects. These guidelines were used to evaluate whether this thesis was 

in adherence to design-science research. These guidelines and the responses to 

these guidelines are presented (Hevner et al., 2004, p.83) below. 
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Guideline 1 ɬ Design as an Artefact ɬ ɁDesign-science research must produce a 

viable artifact  ÐÕɯÛÏÌɯÍÖÙÔɯÖÍɯÈɯÊÖÕÚÛÙÜÊÛȮɯÈɯÔÖËÌÓȮɯÈɯÔÌÛÏÖËȮɯÖÙɯÈÕɯÐÕÚÛÈÕÛÐÈÛÐÖÕɂ: 

This research work provides the follow ing viable artefacts: (1) the ontology-

based CBR and process execution approach as model, (2) the ontology-based 

CBR and process execution implementation as instantiation, (3) a case model, 

(4) case-based reasoning services as instantiation, (5) an ontology as model 

and instantiation and (6) a procedure model.  

Guideline 2 ɬ Problem Relevance ɬ Ɂ3ÏÌɯÖÉÑÌÊÛÐÝÌɯÖÍɯËÌÚÐÎÕ-science research is to 

develop technology-based solutions to important  and relevant business 

×ÙÖÉÓÌÔÚɂȯ 

The problem relevance description and application scenario, the summative 

evaluation and the derived requirements ensure that the concepts of this 

thesis are a solution to relevant business problems. In addition , the 

implementation of the prototype indicates that the artefacts developed were 

technology-based. 

Guideline 3 ɬ Design Evaluation ɬ Ɂ3ÏÌɯÜÛÐÓÐÛàȮɯØÜÈÓÐÛàɯÈÕËɯÌÍÍÐÊacy of a design 

artifact  must be rigorously demonstrated  via well -executed evaluation  

ÔÌÛÏÖËÚɂȯ 

The evaluation is a significant component of this thesis. The prototype was 

demonstrated under real world circumstances.  

Guideline 4 ɬ Research Contributions ɬ Ɂ$ÍÍÌÊÛÐÝÌɯËÌÚÐÎÕ-science research must 

provide clear and verifiable contributions in the areas of the design artifact , 

design foundationÚȮɯÈÕËɤÖÙɯËÌÚÐÎÕɯÔÌÛÏÖËÖÓÖÎÐÌÚɂȯ 

The research provided verifiable contributions as presented in Chapter 1.8 

and mentioned as publications in Chapter 10.1.3. 
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Guideline 5 ɬ Research Rigor ɬ ɁDesign-science research relies upon the 

application of rigorous methods in both the construction and evaluation of the 

design artifactɂȯ 

This research was based on an extensive technical report and literature 

framework , as presented in Chapter 2. 

Guideline 6 ɬ Design as a Search Process ɬ ɁThe search for an effective artifact  

requires utilizing  available means to reach desired ends while satisfying laws in 

ÛÏÌɯ×ÙÖÉÓÌÔɯÌÕÝÐÙÖÕÔÌÕÛɂȯ 

As presented in Chapter 3.4.4, the performed development step was highly 

iterative. Apart from that, it was possible to run additional cycle s if the results 

did  not satisfy the expectation of the evaluation partners and requirements of 

the application scenario. 

Guideline 7 ɬ Communication of Research ɬ ɁDesign-science research must be 

presented effectively both to technology -oriented as well as management-

ÖÙÐÌÕÛÌËɯÈÜËÐÌÕÊÌÚɂȯ 

As explained in Chapter 1.8 and 10.1.3, several research publications were 

created from this research. Furthermore,  the results of this thesis were 

presented to business partners of the mentioned research projects in Chapter 

3.4.2. 

3.4.4 Research Procedure 

The aforementioned methodology of design research guided this research project 

and ensured that the specific output of this design science approach was 

generalizable. Figure 3.13 provides  an overview of the research process and 

shows the outcome of the main steps including three artefacts and the main 

artefact (the ICEBERG-PE approach and the prototype) . 
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Figure 3.13: An Overview of the Design Science Research Process and Main Outputs  

In detail, t he five design science research steps are defined as follows (see Figure 

3.14): 

I. The awareness of the problem  led to the theoretical framework presented 

in Chapter 2 (the literature review). The application scenario of the 

admission process was elaborated together with the domain specialists in 

order to place the research project in real-world context . This was done in 

an iterative manner based on interviews. Moreover , the domain specialist 

involvement supported the problem relevance of this work . 

II.  The suggestion  phase was done based on the theoretical framework. The 

main activity of this phase was the creation of the approach, which is 

described in Chapter 4. This Chapter 4 contains a conceptual framework, 

an ontology framework,  and the underlying methodology . 

III.  The development phase was divided  into three activities based on the 

four research questions. The activities were not isolated because they 

correlated with other activities. The development phase occurred over 

several iterations. How the research questions (RQ) are addressed is 

described as follows: 

¶ RQ 2 (Case description) ɬ Case Model: The case description 

ÙÌÚÌÈÙÊÏɯØÜÌÚÛÐÖÕɯÐÚɯÈËËÙÌÚÚÌËɯÐÕɯɁThe Case ModelɂɯChapter 5 and 

was derived from the theoret ical framework . The case model 



3 Research Methodology and Design 91 

© University of South Africa 2016 

artefact was verified an d demonstrated using the application 

scenario. 

¶ RQ 3 (Case-based reasoning services) - Case-based Reasoning 

Services: The similarity, adaptation and learning  mechanism was 

derived from the theoretical framework and developed by the case 

model. This is addressed in Chapter 7. 

¶ RQ 1 (Prototype) ɬ Approach and  Prototype: The new case-based 

reasoning and process execution approach and prototype was the 

main artefact of this design science research. The ICEBERG-PE 

approach was described as a concept and instantiated with in a 

prototypical system as a proof of concept. The implementation is 

addressed in Chapter 8; The suggested approach is described in 

Chapter 4. 

This development phase runs as iterative development process. As 

Sommerville (2011) suggests, the work was divided into smaller pieces 

(sub-artefacts) and developed in an iterative  way. 

IV.  The evaluation phase was used to observe and measure how well the 

ICEBERG-PE approach was able to provide a solution to the problem . The 

evaluation was done using an exploratory scenario ɬ the admission 

process for a University programme ɬ together with the domain 

specialists. The ICEBERG-PE approach was evaluated in depth based on 

the application scenario which contained  objective criteria, with in a 

business environment. The evaluation results indicate d whether to iterate 

back or to continue to the conclusion. 

V. The conclusion  ÈÊÛÐÝÐÛàɯÐÕÊÓÜËÌÚɯ×ÙÌÚÌÕÛÐÕÎɯɁȻȱȼɯÛÏÌɯ×ÙÖÉÓÌÔɯÈÕËɯÐÛÚɯ

importance, the artefact, its utility and novelty, the rigor  of its design, 

and its effectiveness to researchers and other relevant audiences, such as 

practicing  ×ÙÖÍÌÚÚÐÖÕÈÓÚɂɯ(Hevner and Chatterjee, 2010, p.30). Parts of it 
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were communicated to relevant audiences of several journal s and 

conference papers (Martin, Emmenegger and Wilke, 2013; Witschel et al., 

2015; Cognini, Hinkelmann and Martin, 2016; Martin et al., 2016; 

Emmenegger et al., 2017, In Press). The communication activity was 

executed during the entire study in order to involve the research 

audience. This was achieved by presenting relevant results as soon as 

they became available. In the end, the findings were summarised and the 

dissertation was finalised by the conclusion which  presents the possible 

limitations and proposals for future research . 

3.4.5 Validity, Reliability and Trustworthiness 

As described in Section 1.4.2, this work attempted to answer three research 

questions during the creation of the design science research artefacts (case model, 

CBR ÚÌÙÝÐÊÌÚȮɯÖÕÛÖÓÖÎÐÌÚɯÈÕËɯÛÏÌɯÈ××ÙÖÈÊÏɯÐÛÚÌÓÍȺȭɯ2ÌÝÌÙÈÓɯɁÛÌÊÏÕÐØÜÌÚɂɯÞÌÙÌɯ

applied in order to ensure that this study was reliable and the results were valid : 

1. Application scenario (case study technique): The admission process 

application scenario was created based on existing and running 

processes. Additionally , the application scenario was reviewed by 

domain specialists. This was done to ensure that all of the research 

questions could  be proven based on a real-world scenario . 

2. Domain specialist involvement: Th e involvement of  domain specialist 

ensured that the research was addressing relevant business problems. 

3. Functional testing: The answers to the research questions were 

validated  during the development phase. This was done using test 

data, elaborated upon during the requirement analysis based on the 

application scenario and the theoretical framework . 

4. $ÝÈÓÜÈÛÐÖÕȯɯ3ÏÌɯÔÈÐÕɯɁÛÌÊÏÕÐØÜÌɂɯÛÏÈÛɯÌÕÚÜÙÌs validity, reliability and 

trustworthiness of a design science research project is the evaluation 
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itself ɬ explained in Section 3.4.4 (Research Procedure). The approach 

was evaluated in this phase using the prototype (as a proof of concept). 

The evaluation addressed research questions two , three and four . 

5. Research project cooperation: This research was conducted as part of 

and in cooperation with research projects (see Section 3.4.2 ɁData 

Collection , Sources and Analysis) with related research questions. 

6. Intended scientific publications: It was intended that the results of this 

thesis be further publish ed in scientific publications. This would 

ensure the acceptance of this research work with in the scientific 

community , since it would  provide  a further sign of validity, reliability 

and trustworthiness . 

3.4.6 Research Ethics 

All activities of this research work were done in accordance with the UNISA 

guidelines ɬ all activities compl ied with the policy on research ethics (University 

of South Africa, 2007). All sources were cited using the Harvard referencing style 

in a correct, complete and consistent manner based on the Harvard referencing 

guideline of the Anglia Ruskin University (2011) . The data were collected from 

the university information system of the University o f Applied Sciences and Arts 

Northwestern Switzerland FHNW and were anonymized , from which artificial 

cases were generated. The collected data was anonymized in order  to comply 

with the Federal Act on Data Protection (FADP) of the Swiss Confederation, 

while  the original raw data did not leave the original storage because it must 

remain confidential. The data were anonymized in such a way that any similarity 

to persons and any relation to entities were purely coincidental and 

unintentional. The artificial cas es were used during the interviews and for 

evaluation purposes. Finally, this study received written approval from the 

Research Ethics Review Committee of the School of Computing. 
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Figure 3.14: Research Procedure 
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4 Problem Relevance and 

Application Scenario 

This chapter introduces an application scenario that will be used through out the 

entire thesis to illustrate the research problem, the suggested approach, the 

implementation and the evaluation. In addition to  the main application scenario, 

two additional use cases will be  briefly introduced  with in this chapter, which are 

used with in the evaluation  chapter in order to ensure data (source) triangulation. 

4.1 Data Source for Application Scenario 

 The first-hand secondary data from the 

admission process were complemented 

with primary data based on 

interviews , documents and 

artefact studies to create an 

underlying application 

scenario for this study, 

referred to as the admission 

process application 

scenario. 

The data source triangulation of the admission process application scenario, as 

displayed  in Figure 4.1, was ensured by various methods (method triangulation : 

Primary Data: Interviews with 
stakeholder (ICEBERG-PE 

Application Scenario)

Primary Data: Document & 
artefact studies (ICEBERG-
PE Application Scenario and 

MATURE-IP)

First-hand Secondary Data: 
Literature (MATURE-IP)

Method 
triangulation

Source 
triangulation

Analyst 
triangulation

Theory 
triangulation

Figure 4.1: Application Scenario  Triangulation  
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interview, document and artefact studies and literature), data sources (source 

triangulation) and analys es (analyst triangulation : apart from myself, other 

research project members supported the analysis). 

The initial application process model was presented to the public in a research 

project deliverable (Nelkner et al., 2011). Additionally, case data and remarks 

from observations and workshop s with stakeholders were presented in a 

research project deliverable (Cook et al., 2012). 

The data that was captured and presented here as an application scenario and 

process model, as presented in Figure 4.2 and Figure 4.3, were verified  by 

stakeholders of the application scenario. This was done using the fol lowing 

interview sessions: 

1. The data was verified  by the process owner (the dean of the master 

programme) during an interview on  the 5th December 2014. This interview 

was recorded and freely transcribed. 

2. The process model was verified by two process members during two 

interviews , one on the 31st March 2015 and a second one on the 10th April 

2015. 

Finally, the application scenario was partially published  in the following own 

authored publication by Cognini, Hinkelmann and Martin (2016). 

4.2 Application Scenario - the Admission Process 

The study admission of the Master of Science (MSc) programmes at the school of 

business/FHNW University of Applied Sciences and Arts Northwestern 

Switzerland  served as the main application scenario for  this research work. The 

admission process is a highly knowledge -intensive process that was performed 

in Switzerland by each university individually. In this scenario, knowledge -

intensiveness was expressed by the high variability of applicants coming from 

diverse universities, countries and degrees. 
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This admission process was used to verify the application of a prospective 

student of the Master of Science (MSc) programme in the Business Information 

Systems (BIS) programme based on the admission requirements. The admission 

requirements encompass the following elements: 

¶ Academic qualification : A prospective candidate must hold an academic 

degree in compl iance with  the following requirements : 

o Bachelor degree in a related field of study : A prospective 

candidate must hold a Bachelor of Science or Bachelor of Arts in 

Business Informatics, Information Systems, Computer Science, 

!ÜÚÐÕÌÚÚɯ ËÔÐÕÐÚÛÙÈÛÐÖÕɯÖÙɯÈɯÙÌÓÈÛÌËɯŗÌÓËɯÖÍɯÚÛÜËàȭ 

o Bachelor degree obtained from an accredited institution : The 

candidate must hold a bacheÓÖÙɀÚɯ ËÌÎÙÌÌ from an accredited 

institution . 

o Good or excellent  grades: Moreover , only candidates with good or 

excellent grades will be accepted. 

¶ Working experience : Since the MSc BIS is located at a Swiss university of 

applied sciences and arts, every prospective student must have working 

experience of at least one year, preferably with in a related field of study . 

¶ Good linguistic abilities in English : Since the MSc BIS programme is an 

international programme with modules and courses taught in the English 

language, it is expected that every prospective student have adequate 

linguistic abilities in English . 

Figure 4.2 shows a representation of the admission process of the Master of 

Science (MSc) programme in Business Information Systems (BIS) in BPMN 2.0. 

This representation was initially created by the de an of the MSc BIS programme 

and then enhanced and verified during  an interview (see Appendix -C: Excerpt 

from the Interview Documentation ). The admission process begins when a 

×ÙÖÚ×ÌÊÛÐÝÌɯÚÛÜËÌÕÛɀÚ application arrive s. The application is analysed during  the 
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first activity "prepare eligibility check", where the stu dy assistant prepares the 

eligibility check. She or he collects all of the information  needed to allow the dean 

of the programme to check the eligibility of the candidate; This is then achieved 

by the dean during  the "check eligibility" activity. If the ca ndidate is eligible, she 

or he is invited  for an oral interview by the study assistant during  the "invite for 

interview" activity. Otherwise, a rejection letter is sent. The main goal of the 

interview is to verify the eligibility of the applicant. This eligibility validation 

activity is highly knowledge -intensive. If, after the interview,  the candidate is 

accepted by the admission commission during  the "decide for acceptance" 

activity, the administration department determines the tuition fee during  the 

"determine tuition fee" activity. Finally , an acceptance letter is sent to the 

candidate by the study admission during  the "send acceptance letter" activity. If 

the candidate is not eligible, a rejection letter is sent. 

 

Figure 4.2: FHNW MSc BIS Study Admission  Process 

Although this process is modelled as a structured process, the activity "prepare 

eligibility check" is modelled as a complex ad -hoc sub-process. As previously 
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mentioned, the activities  modelled  in Figure 4.3 were identified in interviews 

with the stakeholder . 

 

Figure 4.3: Prepare eligibility check as described by the dean of the master programme 

In this activity, it is determined whether the ÉÈÊÏÌÓÖÙɀÚɯËÌÎÙÌÌ of an applicant 

qualifies for the master programme. Because candidates are international , they 

represent a wide  variety of degree and certificates. If the ÉÈÊÏÌÓÖÙɀÚɯËÌÎÙÌÌ is 

unknown, the tran script of record is analysed. This means that it is verified 

whether the university, from which the candidate received his or her ÉÈÊÏÌÓÖÙɀÚɯ

degree, is accredited. 

 

Figure 4.4: Check eligibility as CMMN case9 

                                                 

9 Modelled by the MSc BIS dean. 
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In case the university is unknown, the study assistant can access an academic 

database containing qualification information known as Anabin . The Anabin 

database, however, is incomplete. Moreover , there are several other databases 

and on-line resources as well. For example, enic-narci.net provides access to 

resources in which many countries have listed their accredited universities. The 

selection of this resource depends upon the country where the applicant received 

his or her certificates. If the universi ty cannot be found with in any resource, the 

study assistant can ask the public authority for confirmation.  

Furthermore, t he eligibility depends on the average grade of the bachelorɀÚ 

degree, which must be at least a "B". If the average grade is not mentioned in the 

transcript of record, it is calculated by the study assistant. For unknown grading 

systems, one must discover their  comparable Swiss grades. It is not clear in 

advance which activity is not required, nor in which order they were executed. 

For a number of  activities, the entry criteria are known while other activities  

depend upon the judgement of the performer . 

Figure 4.4 shows the check eligibility activity , partially modelled using CMMN 

(OMG, 2014, 2016). This figure  reveals the interdependencies of certain activities. 

If the entry criteria of a task are known, the task is modelled with solid lines. If 

the execution of a task depends on human judgement, it is modelled as a 

discretionary task with dotted lines. Nevertheless, the potential activities are no t 

final, nor is  it  pre-defined that the student assistant will perform certain activities . 

The invocation of certain activities highly depends upon the actual application 

case. 

4.3 Case and Process Execution Data 

The data collected and presented in the following were anonymized to comply 

with the collective employment agreement and the federal act on data protection. 

Any similarity to persons and any relation to entities were purely coincidental 

and unintentional. The original raw data did not leave the original storage and 
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must be kept confidential.  Table 4.1 shows the basic data of the application case 

Ɂ!ɂɯÊÖÕÛÈÐÕÐÕÎɯÛÏÌɯÕÈÔÌɯÈÕËɯÔÌÛÈËÈÛÈɯÐÕÍÖÙÔÈÛÐÖÕɯÖÍɯÈɯÍÐÊÛitious applicant ; The 

ËÌÔÖÕÚÛÙÈÛÐÝÌɯÊÈÚÌÚɯÈÙÌɯËÌÕÖÛÌËɯÉàɯÓÌÛÛÌÙÚɯɁ ɂɯÛÖɯɁ#ɂȭɯFurther, their additional 

information  is provided by the study assistant and performed activities during  

this process instance. Finally, problems and solutions that can occur in similar 

cases are also listed. The problems and solutions were determined during  an 

evaluation with administration staff of FHNW. They were used as an initial 

indication of case-based reasoning (CBR) problems and solutions and the 

corresponding potential case model. 

Table 4.1: Basic Data - Case B 

Name Susan Fisher 

Nationality US 

Degree Bachelor of business administration (BBA) in «Management» 

Final degree university Davenport University, USA 

Additional information Student has been working in Switzerland for 4 years 

Performed activities Analyse Application, Check Approval, Prepare Response 

(Acceptance) 

Problems University is not in list of anabin10 website 

Solutions Ask student for proof of accreditation or/and call 

swissuniversities11, Swiss ENIC12 

                                                 

10 Anabin is a database of the standing conference of the ministers of education and cultural affairs 

of the states in the federal republic of Germany for the recognition for foreign univ ersity 

diplomas . 

11 Swissuniversities is an association founded by the universities, universities of applied sciences 

and universities of teacher education in Switzerland as replacement of the former conferences 

CRUS, KFH and COHEP based on the "Federal Act on the Funding and Coordination of the 

Higher Education Sector (Higher Education Funding and Coordination, HEdA)".  

12 Swiss ENIC is a service centre of swissuniversities that issues recommendations of recognition 

for foreign university diplomas.  
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Table 4.2 lists the remarks or suggestions ÊÖÕÊÌÙÕÐÕÎɯÊÈÚÌɯɁ!ɂɯderived from 

intervi ew notes initially described in Cook et al. (2012). They were remastered 

and re-analysed for this thesis. 

Table 4.2: Remarks/Suggestions ɬ Case B 

Remarks or suggestions 

Remark about process model: should start with «check approval» because this is typically most 

critical and ï if university is not approved ï quickly leads to closing the case (with rejection) 

Participant states that she has created her form for capturing criteria that need to be discussed 

in interview and that later allow to trace and justify decisions (e.g. about semester fees) 

Table 4.3 ÓÐÚÛÚɯÛÏÌɯÈÊÛÐÝÐÛÐÌÚɯÊÖÕÊÌÙÕÐÕÎɯÊÈÚÌɯɁ!ɂɯÛÏÈÛɯÏÈÚɯbeen performed by the 

process participants including the problems and solution that might have been 

identified , resources and certain observations or remarks during the execution of 

the process. In the appendix of this documents further potential cases are 

described that has been used to evaluate the ICEBERG-PE approach (see 

Appendix -A: Case Data). 

In addition to the potential  case data, Table 4.4 lists the data and documents that 

were submitted by the applicants. This case data can be regarded as data that was 

available during workflow initialization . 
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Table 4.3: Case Data ɬ Case B 

Activity Role Problem Solution Resources Observations, remarks 

1. Analyse application 

documents 

Study 

assistant 

    

2. Check approval of 

qualification/accreditation 

of university 

Study 

assistant 

University not in anabin 

list 

Call Swiss ENIC 

Ask student for 

proof of 

accreditation 

  

3. Prepare acceptance Study 

assistant 

    

4. Determine tuition fee Administration Workflow proposes 7500 

TF. How to tell the 

system that 700 would be 

correct? 

Enhance the 

flexibility of the 

system. Extend 

desc. of task. 

  

5. Accept application 

formally 

Study 

assistant 

  Acceptance 

letter 

template 

Interviewee always sends a letter to 

students that confirms receipt of their 

application documents; then each 

case is double-checked with the 

dean before sending acceptance 

letter 
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Table 4.4: Data and Documents from Applicant  

Personal Details Academic Qualifications  Secondary School Professional Experience  Documents  

Gender BSc Degree (Name) School name Function/Role Letter of Motivation 

Last and First Name(s) University/institution (BSc) Place/Country Enterprise/Organisation BSc Degree 

Street and Number Place/Country (BSc) Qualification obtained Place/Country (Professional 

Experience) 

Transcript of Records for 

BSc Degree 

Post Code and Town Matriculation No Date of Award (Secondary 

School) 

Duration (Professional 

Experience) 

Documentary evidence of 

required level in English  

State/Canton BSc Degree Award Date Place of Residence upon 

Graduation 

Research Experience Copy of 

Passport/Residence Permit 

Country Grade BSc-Thesis Post code and Town (Place 

of Residence upon 

Graduation) 

 Copy of Secondary School 

Education 

Date of Birth Average Grade (BSc) Canton/State (Place of 

Residence upon 

Graduation) 

 Curriculum vitae 

Place of Birth MSc Degree Place/Country (Place of 

Residence upon 

Graduation) 

 Photograph 

Country of Birth University/institution (MSc)   Certificate of 

employment/proof of work 

Mother Tongue language Place/Country (MSc)   References 

Marital status MSc Degree Award Date    

Nationality Grade (MSc)    

AHV No Additional Qualifications    

Phone Linguistic Abilities 

(certificate) 

   

E-mail     
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4.4 Scenario and Data Analysis 

As mentioned in Section 4.2, the process begins by checking an application 

formally in two knowledge intensive tasks prepare eligibility check executed by 

the study assistant and the eligibility check itself executed by  the dean of the 

programme. This formally check results in a pre -selection of whether a candidate 

will be invited for interview or not. This (prepare) eligibility check phase consists 

of knowledge intensive tasks where knowledge workers try to learn and perform 

these tasks using prior experiences which are possibly available. 

Up to now the admission process has been performed using conventional 

infrastructures such as paper based dossier including hard-covered case files, a 

computer  based file system, a university administration application and a 

standard content management system. This means that the application case data 

is physically and electronically available, without a significant number of 

metadata items. Some structured data is usually transferred to the university 

administration application after completion of the application. However, the 

prior case data can be accessed using full-text search using conventional 

information retrieval techniques only. As a result, the experience management is 

performed by the knowledge worker itself by gaining experiences while 

performing one case after the other ɬ there is no experience management 

software implemented up to now. Nevertheless, the knowledge workers are 

performing their file based experience management while capturing their 

learned procedures using notes added to a case. However, the admission process 

has been in place since the master program began and has been improved upon 

each year. Nevertheless, the stakeholders of the admission process expect that 

the implementation of an experience management software would improve  the 

effectivity and efficiency of the admission process. 
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4.4.1 Variety of Cases 

Since the Master of Science in Business Information Systems (MSc BIS) is 

recognised as an international programme with students from all over the world, 

it is an inviolable principle that all applications are treated as equal as possible, 

regardless if it is a foreign or a local application. 

The study administration, the dean of the programme and the admission 

commission, is exposed to cases with a different composition. Although the 

variety of the cases is enormous, it is possible to identify similarities when 

comparing certain sub-elements of certain cases or when abstracting certain 

elements. This variety becomes evident when analysing the randomly selected 

sample of 66 cases of previous applications to the MSc BIS programme (see Figure 

4.5): 

¶ Sample size: 66 cases 

¶ Applicant's nationalities: 30 countries  

¶ Bachelor degree subjects: 33 different subjects 

¶ Bachelor degree generalised subjects: 25 different subjects 

¶ Bachelor degree institutions: 48 universities 

¶ Bachelor degree institutions located: 26 countries 

¶ Working experience: 64 different jobs or internships  

The sample of 66 cases shows that the variety of the cases in this sample is 

significant. The applicants have 30 different nationalities, and they denoted 33 

different ÉÈÊÏÌÓÖÙɀÚɯËÌÎÙÌÌ (for confidential reasons only 25 generalised degree 

subjects are listed in Figure 4.5) received from 48 different universities located in 

26 different countries. Besides, the variety of the working experience is almost 

the same the sample size of the cases itself. Unfortunately, it was not possible to 

list the denotations of the working experience due to confidential reasons. Based 

on a deeper analysis considering a vast number of applications gathered over the 
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recent years, it is possible to process difficult cases in a more efficient way using 

the content of previous similar cases. 

 

Figure 4.5: Variety of 66 Randomly Selected Admission Cases 

The case content consists of documents and data provided by the applicant as 

listed in  Table 4.4. This case content is the primary source for processing a new 

application. Primary elements are university certificates including a transcript of 

records, certificate of employment and further documents serving as proof of the 

authenticity of the provided information.  Apart from that, the knowledge 

workers of the admission process (study assistant, Dean of the programme, 

interviewees and commission members) are already implementing a data file 

based experience management system. These data files contain experience items 

such as the problem and solution items including procedural information as 
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showed in Table 4.3. Although there is not electronic experience management 

system implemented and linked to a workflow management system, it is possible 

to process demanding cases as shown in the next sub-section. 

4.4.2 Case-based Inferencing 

As mentioned in Section 4.2, the aim of the admission process and the initial tasks 

is to verify whether an applicant fulfils the basic admission crite ria. These criteria 

are working experience, good linguistic abilities in English and an acceptable 

academic qualification, which includes a ÉÈÊÏÌÓÖÙɀÚɯËÌÎÙÌÌ in a related field of 

study obtained from an accredited institution and good or excellent grades. A 

number of  elements of the basic requirements are compensable, while  others 

have to be fulfilled. For instance, it is not possible to be enrolled in the 

programme without the required linguistic abilities in English, since the 

programme is entirely in Eng lish. The ÉÈÊÏÌÓÖÙɀÚɯËÌÎÙÌÌÚɯÈÕËɯÞÖÙÒɯÌß×ÌÙÐÌÕÊÌ 

ÈÙÌɯÙÈÛÌËɯÖÕɯÈɯÚÊÈÓÌɯÚÐÎÕÐÍàÐÕÎɯɁÌßÊÌÓÓÌÕÛɂȮɯɁÉÌÛÛÌÙɯÛÏÈÕɯÈÝÌÙÈÎÌɂȮɯɁÈÝÌÙÈÎÌɂȮɯ

ɁÉÌÓÖÞɯ ÈÝÌÙÈÎÌɂɯ ÈÕËɯ ɁÕÖÛɯ ÈÊÊÌ×ÛÈÉÓÌɂȭɯUsing this scale it is possible to 

compensate a slight subject mismatch of the ÉÈÊÏÌÓÖÙɀÚɯdegree with a subject 

match in the work experience if the duration of the job is significant. Such an 

analysis and compensation are accomplished during an instantiation of the 

admission process. Evaluation and preparations concerning a valid bachelorɀÚ 

degree and acceptable grades are done at the beginning of the admission process 

during the eligibility check tasks , as described in Section 4.2. This verification of 

the academic qualification encompasses a rating of the institution, a conversion 

of the grade(s) and comparisons of the curriculum's content. 

¶ Demanding Example : As revealed by the application sample analysis 

(Figure 4.5), the study assistant was confronted with a wide  variety of 

different academic institutions located all over the world. If a new 

application arrives, the study assistant must verify the accreditation of the 

institution where the candidate obtained his or her ÉÈÊÏÌÓÖÙɀÚɯËÌÎÙÌÌ. The 
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standard procedure is to consult the anabin database, which contains 

ratings of institutions. If the new application contains a university which 

is not listed in anabin, the study assistant needs to discover the level of 

accreditation based on an alternate path. If the institution of a new 

application was previously  verified by the study assistant, he or she 

should be able to retrieve a previous case containing the result of the 

previous analysis. Assuming that the new application contains an 

institution th at has not been verified and is not listed in any database, it 

would be helpful if certain characteristics can be used to find similar cases. 

An application case from an applicant holding a degree from the "ABC 

University" located in the USA might  contain similarities to case "B", as 

presented in Table 4.1. It may be possible that the presented procedural 

description in case "B" can also be applied when assessing the current case. 

The mentioned example indicated  that it is possible to learn from  previous  cases, 

which can later be adapted to future situations. The scenario and data revealed 

that the retrieval and adaptation of previous cases can be done directly or using 

case-based inferences. This case-based inferencing can be considered analogical 

and similarity -ÉÈÚÌËɯÐÕÍÌÙÌÕÊÐÕÎɯÜÚÐÕÎɯÛÏÌɯÜÕËÌÙÓàÐÕÎɯɆȻȱȼɯÈÚÚÜÔ×ÛÐÖÕɯÛÏÈÛɯ

when a new situati on 2 is similar to an old situation 1 then we can plausibly 

predict that an outcome 2 similar to outcome 1 is correct" (Plaza, 2009, p.18). 

4.5 Problem Relevance and Objectives 

Through an analysis of cases of the application scenario described with in the 

previous section and based on interviews with the stakeholder of the application 

scenario, it was possible to derive generalised objectives for the approach and the 

modelling of the case content and characterisation. 

The application scenario indicated  that such a process can be supported by a 

particular  way of process execution, business process management or process 

modelling. In this context, CMMN is more expressive than BPMN for modelling 
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non-structure process parts. For example, activities are executed because of 

human judgement and activities dependent upon the case situation can be 

distinguished between . New instances of a process might lead to unforeseen 

situations that require new activities, which cannot be modelled in advance. 

Therefore, an adaptive approach is necessary. 

A case-based reasoning system can provide the required functionalities based on 

the case-based reasoning cycle: retrieve, reuse, revive and retain. The application 

can be regarded as a case. The ad-hoc process can be regarded as a case model. If 

a case requires additional activities, these can be added to the case model. The 

objectives for case content and case characterisation were determined  from the 

application's scenario and are summarised in the following paragraphs . 

As a hypothesis, the case content is a representation of the process that is 

executed in order to deal with a certain situation (a new application of a potent ial 

student). In the terminology of CBR, the content can also be referred to as the 

solution or lesson space (Bergmann, 2002). Based on the admission process 

application scenario, the following high -level objectives were defined for the case 

content: 

¶ Maintenance: The case content should reflect an update functionality in 

order to capture ad-hoc knowledge from previous situations.  

¶ Resources: The case content should contain information resources such as 

documents and data objects. 

¶ Representation: The case content should be presented in an adequate way. 

Often this is referred to as a graphical representation using a graphical 

modelling language. However, this is highly debatable in both practice 

and research, if a graphical representation is required at all.  

The case characterisation enriched the case model with additional information  

which served as a processable basis for a similarity measure. Based on the 
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admission process application scenario, the following objectives for the case 

characterisation were derived : 

¶ Structure: The cases need to be described in a structured way.  

¶ Reusability: The case characterisation should be described with a reusable 

vocabulary, which can be provided  in an enterprise ontology.  

¶ Process execution information: To assign tasks to appropriate performers, 

the case characterisation should include process information such as 

variables or roles. 

In essence, based on the admission process application scenario, there is a need for 

a certain process execution flexibility, information availability and access to previous 

cases containing case meta-data as well as information about performed activities, 

decisions and the decisions paths. 

It is not claimed that the objectives derived from the admission process 

application  scenario are complete at all. As an example and as previously 

mentioned, it is highly debatable in  both practice and research, whether a 

graphical representation of a model is even required.  

An  approach was suggested based on this application scenario, which will be 

discussed further in subsequent sections and if necessary, more accurate 

objectives are listed for the specified chapters answering the research questions. 
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5 Ontology-based CBR and 

Process Execution 

Approach13 

This chapter concerns the main conceptual artefact of this thesis - the suggested 

approach. Simultaneously, the main research question guides the investigations 

as well as the suggestion in this chapter. As a result, the following research 

question can be answered conceptually : 

RQ 1: How can case-based reasoning be integrated with process execution? 

This research question is answered conceptually within this chapter  after 

introducing related work and devising  an approach and a methodology. 

5.1 Introduction 

Retrieving and maintaining existing knowledge and experience is an important 

aspect for different entities. This is especially the case when knowledge-intensive 

and agile activities occur, as described in the admission process application 

scenario. A powerful experience management system proved that i t is possible 

                                                 

13 Some verbatim passages presented in this following section, which have been achieved in this 

thesis project, have been published in the following own authored publication (Martin et al., 

2016). 
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to reuse experiential knowledge and discover past decisions, which can be crucial 

for a processɀ success. Case-based reasoning (CBR) can be an adequate method 

for  retriev ing experiential knowledge in an experience management system 

(Bergmann, 2002). 

The admission process application scenario (see Chapter 4) indicated  that the 

accessibility of previous cases containing experiential knowledge is crucial for an 

entity such as described with in the scenario. Moreover , the application scenario 

revealed that different individuals  performing different roles have different 

perceptions of previous cases in a case-based research repository. We derived the 

requirement  by presenting relevant information according to the varying 

concerns of different individuals  as well as with in the analysis of the order 

process in a software company (Martin et al., 2016). 

Based on the analysis of the two application scenarios a case-based reasoning 

approach (called ICEBERG) was developed together with a demonstrator, which 

was applied at a software company (see Martin, Emmenegger and Wilke  (2013), 

Witschel et al. (2015) and Martin et al.  (2016)). The acronym ICEBERG has been 

derived  from interlinked case-based reasoning similar to the commonly used 

metaphor in applied psychology, pedagogic and interpersonal communication. 

The metaphor has been described by Ernest Hemingway (1932) and reflects the 

Pareto principle (80/20). Sigmund Freud also used the iceberg metaphor to 

explain the differences between conscious and unconscious human action (Ruch 

and Zimbardo, 1974). Withi n this thesis project, however, the metaphor was used 

to describe the notion and goal of the approach: Using interlinked (ontology -

based) case-based reasoning to bring hidden knowledge to the surface for 

supporting process execution. 

The ICEBERG approach was introduced together with an extension for process 

execution called ICEBERG-PE, which consists of the four following elements as 

depicted in Figure 5.1: 
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¶ The case-repository  is a central feature of the ICEBERG-PE approach and 

it contains retained and learned cases. 

¶ The case-based reasoning services provid e the automatic retrieval of 

previous cases as well as semi-automatic re-use and adaptation of the 

previous cases to the current situation using rules, manual revision of new 

cases by the users. It also provides the automatic retention of cases with 

regard to adding the case to the case repository. 

¶ The ontolo gy is used for CBR configuration, storage of the enterprise and 

domain ontology and is simultaneously the vocabulary of the CBR 

approach. 

¶ The process execution element is the instantiation of a business process 

based workflow engine running a workflow defi nition.  

 

Figure 5.1: High -level View of the ICEBERG-PE Approach 

In the following section, related work concerning enterprise ontologies and 

ontology -based CBR is presented. In the subsequent sections the four elements, 

as depicted in Figure 5.1, are introduced. The ontology element is introduced  

with in this chapter and, as part of the case model description, in Chapter 6 as 

well . The case-based reasoning services are described in detail in Chapter 7. The 

case repository and the process execution will be displayed  as part of the 

demonstrator in  Chapter 8. 

ICEBERG-PE Approach - Elements

Process Execution

Case-based Reasoning Services

Case-Repository

Ontology
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5.2 Related Work 

The ICEBERG-PE approach relies on structural  CBR, which uses existing 

knowledge (sometimes called background, contextual or domain knowledge) as 

vocabulary to describe a case (Richter, 1998). In this section, enterprise 

architecture is introduced that can be used as a source of background. 

5.2.1 Enterprise Architecture 

Enterprise architectures contain relevant aspects of an enterprise-business 

structures, IT structures and their relationships (Ross, Weill and Robertson, 2006; 

Lankhorst, 2009). Lankhorst  (2009, p.3) has ËÌŗÕÌd an enterprise architecture as 

ɁȻȱȼɯÈɯÊÖÏÌÙÌÕÛɯÞÏÖÓÌɯÖÍɯ×ÙÐÕÊÐ×ÓÌÚȮɯmethods and models that are used in the 

design and realisation of an enterprise's organisational structure, business 

processes, information  systems, and ÐÕÍÙÈÚÛÙÜÊÛÜÙÌɂȭ 

Using the ISO/IEC/IEEE 42010 (2011) conceptual model it is possible to 

distingui sh between architecture descriptions, frameworks and description 

languages: 

¶  ÙÊÏÐÛÌÊÛÜÙÌɯËÌÚÊÙÐ×ÛÐÖÕɯȹ #ȺȯɯɁ ÕɯÈÙÊÏÐÛÌÊÛÜÙÌɯËÌÚÊÙÐ×ÛÐÖÕɯȹ #ȺɯÐÚɯÈÕɯ

artifact  that expresses an architecture. Architects and other system 

stakeholders use Architecture Descriptions to understand, analyze and 

ÊÖÔ×ÈÙÌɯ ÙÊÏÐÛÌÊÛÜÙÌÚɂɯ(ISO/IEC/IEEE, 2011). An AD is what is written 

down as a concrete work product. It could be a document, a model 

repository or a collection of artefacts. An enterprise-specific architecture 

description (EAD ) can act as a source of background knowledge in this 

approach. 

¶  ÙÊÏÐÛÌÊÛÜÙÌɯÍÙÈÔÌÞÖÙÒɯȹ %ȺȯɯɁ ÕɯÈÙÊÏÐÛÌÊÛÜÙÌɯÍÙÈÔÌÞÖÙÒɯÌÚÛÈÉÓÐÚÏÌÚɯÈɯ

common practice for creating, interpreting, analysing and using 

architecture descriptions within a particular domain of application or 

ÚÛÈÒÌÏÖÓËÌÙɯÊÖÔÔÜÕÐÛàɂɯ(ISO/IEC/IEEE, 2011). Enterprise architecture 



116 5 Ontology-based CBR and Process Execution Approach 

© University of South Africa 2016 

framework s (EAF) guide and support the creation and interpretation of a 

concrete EAD. Matthes (2011) has described ÔÖÙÌɯÛÏÈÕɯŗÍÛàɯÌÕÛÌÙ×ÙÐÚÌɯ

EAFs. One prominent example is the Zachman Framework (Zachman, 

1987, 2008), which can be seen as a schema ÈÕËɯÈɯÊÓÈÚÚÐŗÊÈÛÐÖÕɯÊÖÕtaining 

ÈɯɁ[ȱ] total set of descriptive representations relevant for describing an 

ÌÕÛÌÙ×ÙÐÚÌɂɯ(Zachman, 2008, p.1). Another example of such an EAF is The 

Open Group Architecture Framework (TOGAF) (The Open Group, 

2009b). 

¶ Architecture descripti ÖÕɯ ÓÈÕÎÜÈÎÌɯ ȹ #+Ⱥȯɯ Ɂ Õɯ  #+ɯ ÐÚɯ ÈÕàɯ ÍÖÙÔɯ ÖÍɯ

Ìß×ÙÌÚÚÐÖÕɯÍÖÙɯÜÚÌɯÐÕɯÈÙÊÏÐÛÌÊÛÜÙÌɯËÌÚÊÙÐ×ÛÐÖÕÚɂɯ(ISO/IEC/IEEE, 2011). An 

example of an enterprise ADL is ArchiMate (Lankhorst, Proper and 

Jonkers, 2009; The Open Group, 2009a, 2012). There are also description 

ÓÈÕÎÜÈÎÌÚɯÍÖÙɯÚ×ÌÊÐŗÊɯ×ÈÙÛÚɯÖÍɯÈÕɯÌÕÛÌÙ×ÙÐÚÌɯÈÙÊÏitecture such as BPMN 

(OMG, 2011) for business process modelling or BMM (OMG, 2008) for 

business motivation modelling . 

Enterprise ADs are a valuable source of background knowledge for the 

enterprise. Nevertheless, an enterprise AD needs to be created and maintained. 

If an enterprise decides to omit an EAF, selected enterprise models such as 

business process models or organisation models can be considered alternative 

sources for background knowledge. Enterprise models contain valuable 

knowledge concerning the enterprise itself and pro vide adequate representations 

ÍÖÙɯËÐřÌÙÌÕÛɯÚÛÈÒÌÏÖÓËÌÙÚ. 

5.2.2 Enterprise Ontologies 

As described in Section 2.2.1.3, in CBR the cases are described using a specific 

vocabulary  (Richter, 1998). This vocabulary can be derived from existing 

knowledge sources (sometimes called background, contextual or domain 

ÒÕÖÞÓÌËÎÌȺȭɯɁ5ÖÊÈÉÜÓÈÙÐÌÚɯËÌŗne the concepts and relationships (also referred 

ÛÖɯÈÚɯȿtermsɀȺɯÜÚÌËɯÛÖɯËÌÚÊÙÐÉÌɯÈÕËɯÙÌ×ÙÌÚÌÕÛɯÈÕɯÈÙÌÈɯÖÍɯÊÖÕÊÌÙÕɂɯ(W3C, 2012b). 
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!ÈÚÌËɯÖÕɯÛÏÌɯÖÙÐÎÐÕÈÓɯËÌŗÕÐÛÐÖÕɯÖÍɯ&ÙÜÉÌÙɯ(1993), Studer, Benjamins and Fensel 

(1998, p.184) an ontology iÚɯɁȻȱȼɯÈɯÍÖÙÔÈÓȮɯÌß×ÓÐÊÐÛɯÚ×ÌÊÐŗÊÈÛÐÖÕɯÖÍɯÈɯÚÏÈÙÌËɯ

conceptualiÚÈÛÐÖÕɂȭɯAlso, Ɂthere is no clear division between what is referred to 

ÈÚɯÝÖÊÈÉÜÓÈÙÐÌÚɯÈÕËɯÖÕÛÖÓÖÎÐÌÚɂɯ(W3C, 2012b). However, Ɂthe trend is to use the 

word ontology for more complex, and possibl y quite a formal  collection of terms 

Ȼȱȼɂɯ(W3C, 2012b). 

Bergmann and Schaaf (2003) have investigated the relation between ontology -

based approaches for knowledge management and structural CBR. They have 

concluded that a structural CBR vocabulary is quite similar  to an ontology with 

regard to ÒÕÖÞÓÌËÎÌɯÔÈÕÈÎÌÔÌÕÛȭɯɁ!ÖÛÏɯÈÙÌɯÍÖÙÔÈÓɯÔÖËÌÓÚɯÍÖÙɯÙÌÚÛÙÐÊÛÐÕÎɯÛÏÌɯ

possible interpretations of metadata annotations thereby providing the necessary 

background knowledge for semantic-based ÈÊÊÌÚÚɯ ÛÖɯ ÒÕÖÞÓÌËÎÌɯ ÐÛÌÔÚɂɯ

(Bergmann and Schaaf, 2003, p.621). 

Withi n the enterprise domain, several enterprise ontologies were introduced in 

order ÛÖɯËÌÚÊÙÐÉÌɯÌÕÛÌÙ×ÙÐÚÌɯÔÖËÌÓÚɯÖÙɯÈÙÊÏÐÛÌÊÛÜÙÌÚȭɯɁ3ÏÌɯÔÈÐÕɯ×ÜÙ×ÖÚÌɯof an 

enterprise ontology  is to promote the common understanding between people 

across enterprises, as well as to serve as a communication medium between 

×ÌÖ×ÓÌɯÈÕËɯÈ××ÓÐÊÈÛÐÖÕÚȮɯÈÕËɯÉÌÛÞÌÌÕɯËÐřÌÙÌÕÛɯÈ××ÓÐÊÈÛÐÖÕÚɂɯ(Leppänen, 2007, 

p.273). The Toronto Virtual Enterprise (TOVE) project introduced two 

foundational (activity and resource) and numerous business (organization, 

product and requirements, qua lity  and activity -based costing) ontologies (Fox, 

Barbuceanu and Gruninger, 1996; Fox, Barbuceanu, Gruninger and Lin, 1998). 

Other prominent ontologies include  the enterprise ontology (Uschold, King, 

Moralee and Zorgio s, 1998), the organisational memory (Abecker et al., 1998) and 

the context-based enterprise ontology (Leppänen, 2007). 

5.2.2.1 ArchiMEO 

As mentioned in Section 5.2.1, enterprise architecture descriptions are valuable 

sources of enterprise knowledge that can be used in CBR. To use the knowledge 
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of enterprise ontologies, architectures and models, Kang et al. (2010), 

Hinkelmann, Merelli, and Thönssen (2010), Thönssen (2010) and Hinkelmann et 

al. (2015) have all suggested interlinking or relating enterprise ontologies with 

enterprise architectures and making these ontologies available in a way that is 

machine-readable. 

The enterprise ontology ArchiMEO 14 was developed by the University of Applied 

Sciences and Arts Northwestern Switzerland FHNW. ArchiMEO is an enterprise 

ontology based on the ArchiMate, an enterprise architecture modeling language 

developed by The Open Group (Lankhorst, Proper and Jonkers, 2009; The Open 

Group, 2009a, 2012) and the Zachman Framework  (Zachman, 1987, 2008), and is 

extended with selected concepts from other enterprise ontologies: TOVE (Fox, 

Barbuceanu and Gruninger, 1996; Fox et al., 1998)ȮɯȿÛÏÌɯÌÕÛÌÙ×ÙÐÚÌɯÖÕÛÖÓÖÎàɀɯ

(Uschold et al., 1998) and the context-based enterprise ontology (Leppänen, 

2007). The foundation of the ArchiM EO ontology was laid during the 

development of the linked enterprise models and objects (LEMO) approach by 

Martin (2010) and Brun (2010). ArchiMEO has been successfully applied in risk 

management (Emmenegger, Laurenzni and Thönssen, 2012), contract 

management (Thönssen and Lutz, 2012) and CBR (Martin, Emmenegger and 

Wilke, 2013). 

5.2.3 Ontology-based CBR and Conclusion 

Chapter 2.2.5.1 introduce d ontology -based CBR and listed the most prominent 

approaches and application domains. These approaches, frameworks and tools 

emphasised the potential of accessing and utilising an ontology -based repository. 

This literature chapter indicated  that CBR ÐÛÚÌÓÍɯÊÈÕɯÉÌÕÌŗÛɯÍÙÖÔɯÖÕÛÖÓÖÎà-based 

vocabularies. Specifically, Potes Ruiz, Kamsu-Foguem, and Noyes (2013) as wee 

                                                 

14 ArchiMEO is licensed under a Creative Commons Attribution -ShareAlike 3.0 Unported License 

and available for download: h ttp://www.ikm -group.ch/archimeo  
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as Kamsu-Foguem and Noyes (2013) have expressed that an ontology -based CBR 

approach can support the sharing of lessons learned by collaborative experts. 

As described withÐÕɯÛÏÐÚɯÚÌÊÛÐÖÕȮɯÌÕÛÌÙ×ÙÐÚÌɯÖÕÛÖÓÖÎÐÌÚɯÊÈÕɯÉÌÕÌŗÛɯÍÙÖÔɯÌÕÛÌÙ×ÙÐÚÌɯ

architecture and models. Therefore, with regard to  business applications, the use 

of an enterprise ontology in an ontology -based CBR approach can be regarded as 

the ÕÌßÛɯÓÖÎÐÊÈÓɯÚÛÌ×ȭɯ4ÕÍÖÙÛÜÕÈÛÌÓàȮɯÕÖɯÚÐÎÕÐŗÊÈÕÛɯÈÛÛÌÕÛÐÖÕɯÏÈÚ thus far been 

paid to ontology -based CBR concerning the inclusion of enterprise ontologies, 

the reflection of the different viewpoints and concerns of the stakeholders and 

the support of process execution. For this reason, a new CBR approach is 

introduced  with in the following section . 

5.3 Integrated CBR Approach 

As previously mentioned, CBR is a common methodology used by humans and 

systems to solve problems. The literature review in the Chapter 2 and the related 

work in the Section 5.2 has revealed that CBR methodology implemented in  in 

information systems can successfully be applied in business and is an adequate 

methodology for experience management (Bergmann, 2002; Bergmann et al., 

2003). During the analysis of the admission process application scenario, it was 

observed that individuals  tend to apply a certain CBR method implicitly while 

performing knowledge -work oriented tasks. Therefore, it is reasonable to 

conclude that individuals  are already familiar with this type of problem -solving 

method. 

As mentioned with in the theoretical framework (see Section 2.2), CBR relies upon 

knowledge gathered in advance or based on previous cyclic iterations. This 

knowledge is stored in a CBR system using a certain case structure in a case 

repository, which is also referred to as a case base. Bergmann (2002) has regarded 

structural CBR as best suited for experience management and knowledge-

intensive tasks and as previously ÔÌÕÛÐÖÕÌËȮɯÚÛÙÜÊÛÜÙÈÓɯ"!1ɯÊÈÕɯÉÌÕÌŗÛɯÍÙÖÔɯ

ontology -based knowledge representation. Bergmann and Schaaf (2003) have 
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suggested a "knowledge container" to represent background and domain 

knowledge. Approaches that do not cÖÕÚÐËÌÙɯÉÈÊÒÎÙÖÜÕËɯÒÕÖÞÓÌËÎÌɯɆȻȱȼɯÈÙÌɯ

often isolated and closed in the sense that they are not developed with respect to 

ÊÖÖ×ÌÙÈÛÐÖÕɯÞÐÛÏɯÖÛÏÌÙɯÚàÚÛÌÔÚȭɯȻȱȼɯ,ÖÚÛɯȻÖÕÛÖÓÖÎà-based CBR] systems rely on 

proprietary, sometimes even XML compliant, languages for the vocabulary and 

the cases but do not facilitate the exchange of knowledge" (Bergmann and Schaaf, 

2003, p.622). 

Consequently, this work  suggests a structural ontology-based CBR approach for  

exploit ing the full potential of an existing enterprise architecture and ontology, 

and this enables the utilization of existing domain knowledge during the 

execution of the CBR cycle. 

 

Figure 5.2: Interlinked CBR A pproach 

The ICEBERG approach developed in this thesis used the same technology (i.e. 

ontologies) for both the case repository and the knowledge container. It used an 

enterprise ontology ArchiMEO for its purposes, which was based on W3C 

standards and recommendations. The Figure 5.2 shows the interlinked CBR 

approach and lists it s three main elements: 

1. Enterprise architecture and enterprise models resulted from modelling.  

2. Enterprise and domain ontology used as vocabulary . 

3. Ontology -based case-based reasoning as an underlying method.  
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As mentioned in Chapter 5.2.1, (enterprise) architecture frameworks are 

commonly used to model enterprise -Ú×ÌÊÐŗÊɯÌÓÌÔÌÕÛÚɯÈÕËɯÐÕÛÌÎÙÈÛÌɯÌßÐÚÛÐÕÎɯ

models into a coherent architectural description. ArchiMEO is a for malisation of 

such an architectural description. Since ArchiMEO interlinks enterprise 

ontologies with enterprise architectures and makes it possible to formalise 

descriptions of enterprise architectures or models, formalised enterprise 

architectures can deliver existing domain knowledge that improves CBR. The 

ontology -based CBR system can then use these formalised descriptions of 

enterprise architectures or models. An enterprise architecture and further 

modelled enterprise models are formalised in an enterprise and domain ontology 

based on ArchiMEO. This ontology serves as a vocabulary for the ontology-based 

CBR system. Respectively, the ontology-based CBR method uses elements from 

the ontology . 

5.4 Ontology Framework 

This ICEBERG-PE approach utilises an ontology which relies on the following 

structure, as depicted in Figure 5.3. As previously stated, t here is no clear 

differentiation between the term vocabulary and on tology (W3C, 2012b), which 

is also valid with in the field of  "!1ɯÞÏÌÙÌɯÛÏÌɯɆȻȱȼɯÊÖÐÕÊÐËÌÕÊÌɯÖÍɯȻÈɯ"!1ȼɯ

ÝÖÊÈÉÜÓÈÙàɯÈÕËɯÈÕɯÖÕÛÖÓÖÎàɯȻȱȼɆɯÊÈÕɯÉÌɯÖÉÚÌÙÝÌËɯ(Bergmann and Schaaf, 2003, 

p.622). The ICEBERG-PE approach follows the work  of Bergmann and Schaaf 

(2003, p.622): "Neglecting the fact that an ontology typically serv es many 

purposes one can say that a [CBR] vocabulary is an ontology of the domain of 

discourse underlying the [CBR] application".  

The ontology structure in Figure 5.3 shows the dependencies (imports) of the 

corresponding ontologies which build, as a result, one ICEBERG-PE ontology 

instantiation. The ICEBERG-PE ontology is an extension of the ArchiMEO 

ÖÕÛÖÓÖÎàȮɯÞÏÐÊÏɯÊÖÕÚÐÚÛÚɯÖÍɯÊÖÕÊÌ×ÛÚɯËÌŗÕÌËɯÐÕɯ ÙÊÏÐ,ÈÛÌɯ(The Open Group, 

2012) and ISO/IEC/IEEE (2011) 42010 enhanced with concepts from other 
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enterprise ontologi es. The ICEBERG-PE ontologies were formalised in RDFSPlus 

(Allemang and Hendler, 2008) which is expressed in RDF(S) (W3C, 2014a; c) and 

extended with certain resources with in the OWL namespace (W3C, 2012a). 

Additionally , it is serialised using the RDF 1.1 Turtle (W3C, 2014b) format . 

 

Figure 5.3: Ontology Structure of the ICEBERG-PE Approach 

As depicted in Figure 5.3, the following three ontologies were built  while reusing 

or importing concepts from ArchiMEO . 

¶ The CBR ontology contains concepts for configuring the retrieval and the 

CBR system itself. 

¶ The similarity ontology contains concepts for creating a similarity model , 

according to structural CBR approaches. 

¶ The domain ontology contains enterprise -Ú×ÌÊÐŗÊɯËÖÔÈÐÕɯÒÕÖÞÓÌËÎÌɯÖÍɯ

an application scenario or use case. 

¶ The process execution ontology contains t he required concepts for 

interacting with a process execution engine and storing workflow relevant 

data. 

¶ The application ontology specialises the domain ontology with respect to  

an enterprise idiosyncrasy (van Heijst, Schreiber and Wielinga, 1997). 

Enterprise Ontology (ArchiMEO) 

including elements from ArchiMateand ISO/IEC/IEEE 42010

CBR

Ontology

Domain

Ontology

Application

Ontology

Similarity Ontology

imports

ICEBERG-PE-

Ontology

structure:

Process Execution

Ontology



5 Ontology-based CBR and Process Execution Approach 123 

© University of South Africa 2016 

Figure 5.4 shows the case viewpoint model (Martin et al., 2016) which we 

developed for the order process application scenario (see Section 3.4.2.1). This 

model served the need for different views and viewpoints. The case viewpoint 

model was an essential part of this research work since it allows for  conceptual 

interlinkage to process execution. It also answers research question 1, partial ly  

answers research question 2.2 and, in conjunction with the ICEBERG -PE 

ontology structure , answers research question 3.2. The link between the process 

execution and the ÒÕÖÞÓÌËÎÌɯÞÖÙÒÌÙɀÚɯintegration i nto the working environment 

is described in Section 5.5. 

In addition to the mentioned technical integration, it was recognised that 

different stakeholders have dif ferent concerns and therefore, have diverse 

interests regarding experienced case knowledge (Martin et al., 2016). It was also 

recognised that a single case characterisation with similarity measures and the 

corresponding weights cannot support all  of the ÒÕÖÞÓÌËÎÌɯÞÖÙÒÌÙÚɀ different 

interests. 

 

Figure 5.4: Case Viewpoint M odel (Martin et al., 2016) 

As emphasised by The Open Group (2012), the problem of how to satisfy the 

needs of different stakeholders has been researched since the 1990s. According to 

ISO/IEC/IEEE 42010, an architecture viewpoint represents the interest of one or 
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ÔÖÙÌɯÚÛÈÒÌÏÖÓËÌÙÚȮɯÞÏÌÙÌÈÚɯÈɯÝÐÌÞɯÌß×ÙÌÚÚÌÚɯÛÏÌɯɁȻȱȼɯ ÙÊÏÐÛÌÊÛÜÙÌɯÖÍɯÛÏÌɯ2àÚÛÌÔɯ

of Interest from the perspective of one or more sÛÈÒÌÏÖÓËÌÙÚɯÛÖɯÈËËÙÌÚÚɯÚ×ÌÊÐŗÊɯ

"ÖÕÊÌÙÕÚɯȻȱȼɂɯ(ISO/IEC/IEEE, 2011). The notion of views was introduced by the 

CIMOSA EAF (ESPRIT Consortium AMICE, 1989). ArchiMate (The Open Group, 

2012, p.74) has ËÌŗÕÌd a view ɁÈÚɯÈɯ×ÈÙÛɯÖÍɯÈÕɯÈÙÊÏÐÛÌÊÛÜÙÌɯËÌÚÊÙÐ×ÛÐÖÕɯÛÏÈÛɯ

addresses a set of related concerns and is addressed to a set of stakeholders. A 

ÝÐÌÞɯÐÚɯÚ×ÌÊÐŗÌËɯby means of ÝÐÌÞ×ÖÐÕÛɯȻȱȼɯ2ÐÔ×Óàɯ×ÜÛȮɯÈɯÝÐÌÞɯÐÚɯÞÏÈÛɯàÖÜɯsee 

and a viewpoint  ÐÚɯÞÏÌÙÌɯàÖÜɯÈÙÌɯÓÖÖÒÐÕÎɯÍÙÖÔɂȭɯThe case viewpoint model of 

ICEBERG (Martin et al., 2016) consists of the following elements, which were 

derived  from ISO/IEC/IEEE (2011): 

¶ Thing  of interest: The thing of interest is something in which a stakeholder 

has interest and is described as part of a case lesson or case 

characterisation. It can be a system, experiential knowledge or information 

need. This term is used as a placeholder. 

¶ Case lesson/content: The case lesson, also called case content, ɆȻȱȼɯÊÈÕɯ

ÊÖÕÛÈÐÕɯÐÕÍÖÙÔÈÛÐÖÕɯÛÏÈÛɯÐÚɯÕÖÛɯÛÏÌɯÚÖÓÜÛÐÖÕɯÐÛÚÌÓÍɯÉÜÛɯÜÚÌÍÜÓɯÛÖɯŗÕËɯÈɯ

ÚÖÓÜÛÐÖÕɯȻȱȼɆɯ(Bergmann, 2002, p.50), including links to information 

sources containing previous  solutions ÛÏÈÛɯÈÙÌɯÜÚÌÍÜÓɯÛÖɯŗÕËɯÈ solution for 

the current situation.  

¶ "ÈÚÌɯÊÏÈÙÈÊÛÌÙÐÚÈÛÐÖÕȯɯ3ÏÌɯÊÈÚÌɯÊÏÈÙÈÊÛÌÙÐÚÈÛÐÖÕɯɁȻȱȼɯdescribes all facts 

about the experience that are relevant for deciding whether the experience 

can be reused in a certain ÚÐÛÜÈÛÐÖÕɂɯ(Bergmann, 2002, p.50). 

¶ 2ÛÈÒÌÏÖÓËÌÙȯɯ Ɂ2ÛÈÒÌÏÖÓËÌÙÚɯ ÈÙÌɯ ÐÕËÐÝÐËÜÈÓÚȮɯ ÎÙÖÜ×Úɯor organisations 

ÏÖÓËÐÕÎɯÊÖÕÊÌÙÕÚɯÍÖÙɯÛÏÌɯȻÛÏÐÕÎɯÖÍɯÐÕÛÌÙÌÚÛȼɂɯ(ISO/IEC/IEEE, 2011). 

¶ Concern: A concern is any interest in the experiential knowledge system 

or thing of interest.  

¶ "ÈÚÌɯ ÝÐÌÞ×ÖÐÕÛȯɯ  ɯ ÊÈÚÌɯ ÝÐÌÞ×ÖÐÕÛɯ ÐÚɯ ɁȻȱȼɯ Èɯ ÚÌÛɯ ÖÍɯ ÊÖÕÝÌÕÛÐÖÕÚɯ ÍÖÙɯ

interpreting, using and analysing one type of ȻȱȼɂÊÈÚÌ view and is 
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derived from an architectural viewpoint  (ISO/IEC/IEEE, 2011). A case 

ÝÐÌÞ×ÖÐÕÛɯÍÙÈÔÌÚɯÈɯÚ×ÌÊÐŗÊɯÚÌÛɯÖÍɯÊÖÕÊÌÙÕÚȭ 

¶ Case view: A case view expresses the case (including the lesson) of the 

ÛÏÐÕÎɯÖÍɯÐÕÛÌÙÌÚÛɯɁȻȱȼɯÍÙÖÔɯÛÏÌɯ×ÌÙÚ×ÌÊÛÐÝÌɯÖÍɯÖÕÌɯÖÙɯÔÖÙÌɯÚÛÈÒÌÏÖÓËÌÙÚ in 

order ÛÖɯÈËËÙÌÚÚɯÚ×ÌÊÐŗÊɯÊÖÕÊÌÙÕÚɯÜÚÐÕÎɯÛÏÌɯÊÖÕÝÌÕÛÐÖÕÚɯÌÚÛÈÉÓÐÚÏÌËɯÉàɯÐÛÚɯ

ÝÐÌÞ×ÖÐÕÛɂɯ(ISO/IEC/IEEE, 2011). 

 

Figure 5.5: Example Views on Case Characterisation (adapted from Martin et al.  (2016)) 

Figure 5.5 depicts an example of different concerns leading to different 

viewpoints and views on the case characterisations based on the roles (person 

performing a role or process roles) of various stakeholders. A different view  

means that part of the case characterisations (classes and relations), the similarity 

measures (functions) and the weights of the properties (simple and relational 

ones) differ depending on the corresponding  viewpoint and concern s. On the left 

in Figure 5.5, a snippet of the process is exhibited . If a stakeholder who is 

performing a role consults the CBR system while performing a user or a manual 

task, the similarity service will be invoked under the usage of the corresponding 

view. If invocation happens without direct stakeholder involvement using a 

service task, then the CBR system will attempt  to identify the current context and 
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choose the corresponding view. For retrieval based on a similarity service, a 

Ú×ÌÊÐŗÊɯ ÊÏÈÙÈÊÛÌÙÐÚÈÛÐÖÕɯ ÝÐÌÞ×ÖÐÕÛɯmust be chosen and only those 

characterisation elements assigned to the corresponding view should be used to 

formulate a query statement. 

5.5 Conceptual Framework 

 

Figure 5.6: Elements of the ICEBERG-PE Approach 

This ICEBERG-PE approach consists of four main elements (as depicted in Figure 

5.6) which  combine CBR and process execution in order to support knowledge 

work. In the following  sections, these four elements will be  introduced  on a 

conceptual level. In the corresponding chapters, these elements will be presented 

on the technical level and as a prototypical implementation.  

5.5.1 Ontology 

Ontology is the core element of the ICEBERG-PE approach. As previously 

described with in Section 5.4, the ICEBERG-PE ontology was used to define, 

configure and describe various aspects of the introduced approach itself. The 
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ontology was used for the CBR configuration, storage of the enterprise and 

domain ontolo gy and was simultaneously  the vocabulary of the CBR approach. 

The ontology element of the approach allow ed for semantic correctness, avoided 

redundancy, ensured accessibility, and allowed the users to orientate themselves 

based on their enterprise vocabulary and individual perceptions.  

5.5.2 Case-Repository and Cases 

As a central feature of this work , the CBR approach contained a case base. In this 

research work, the term case repository was used to avoid misunderstandings. 

Definition 5.1: Case Repository 

A case repository is an instantiation of the case base concept (Definition 2.8), which 

contains retained cases. 

In contrast to traditional structural or object oriented CBR approaches, the 

repository in ICEBERG-PE was implemented using a graph database using 

Semantic Web standards. This made it possible to describe the cases using the 

vocabulary, whi ch is derived  from the ontology framework. This description is 

referred to as case characterisation (see Definition 2.9). It contained features and 

values which are linked to the ICEBERG-PE ontology. 

The case content, sometimes called case lesson, captures the lesson learnt, 

experiential knowledge, process fragments and the related information resources 

of previous solutions or lessons that are useful for  ŗÕËing a solution for the 

current situation.  

Definition 5.2: Case Content 

A case content/lesson is an instantiation of the experience/knowledge item concept. A 

case content contains "[é] information that is not the solution itself but useful to ýnd a 

solution [é]" (Bergmann, 2002, p.50) and links to information sources containing 

previous solutions that are useful to ýnd a solution for the current situation. 

The case model is investigated and described in Chapter 6. 
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5.5.3 Case-based Reasoning Services 

The CBR services are the main application logic within this research work . The 

elements depicted in Figure 5.6 are the four main CBR supporting categories of 

the ICEBERG-PE services. These supporting categories are related to the CBR-

cycle. The ICEBERG-PE services provide automatic retrieval of previous cases, 

semi-automatic reuse and adaptation of the previous cases to the current situation 

using rules, manual revision of new cases by the users and automatic retention of 

cases regarding adding the case to the case repository (case base). The ICEBERG-

PE services are investigated and described in Chapter 7. 

5.5.4 Process Execution 

In order to combine a CBR approach with a workflow management system and 

answer the first research question 1 by an implementation (apart from the 

conceptual investigation), an interface between these two components was 

realized. This interface between the workflow management system and the CBR 

system was built  from the user's perspective based on the task management 

component. A task management component can also be referred to as a task list 

(OASIS, 2012) or worklist (Wohed et al., 2009). This CBR interface to task 

management system needs to be integrated into the working environment of the 

knowledge and /or process worker. In doing so, this approach reflects the 

following two settings:  

1. Stand-alone CBR system: The stand-alone option can be seen as the typical 

usage of a CBR system, where every user retrieves similar cases after 

entering search criteria. The user describes the problem, current situation 

or current task using a case vocabulary as case characteristics. In this 

setting, the task enactment is then done by the user him self. 

2. Invocable CBR system: The invocation option is implemented  as a service 

that is invoked  during the execution of a process or workflow. In this 

setting, the CBR system is interlinked  with the task list of the workflow 
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management system. The ICEBERG-PE component incorporates with the  

workflow engine and pre -populates the case characterisation using 

workflow and case -relevant data. 

 

Figure 5.7: Interface to Case-based Reasoning (adapted from Martin et al.  (2016)) 

Figure 5.7 shows how a query case is compared (based on a similarity mechanism 

and configuration as described in Chapter 7.2) to existing cases based on the 

ontology -based case characterisation. The query case is either manually or 

automatically defined  depending upon the aforementioned settings. 

5.6 Methodology 

The following methodology consist s of two procedure models depict ing how the 

ICEBERG approach and the process execution extension were instantiated based 

on an application scenario or use case. Ju et al. (2016) has emphasised the 

importance of having a clear procedure model with an end -user and expert 

involvement.  

The initial model was called the ICEBERG procedure model and was elaborated 

upon with three application scenarios: the admission process (see Section 4.2), 

the offering and project management of a software company (see Section 3.4.2 

and 9.4.1) and the process learning of the Learn PAd project (see Section 3.4.2 and 

9.4.2). After the first incremental  design science research cycle, the generalised 

procedure model was instantiated, refined and concretized specifically for 

process execution (see Section 5.6.2). 
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5.6.1 General Procedure Model 

 

Figure 5.8: Interlinked Case-based Reasoning Procedure Model (adapted from Martin et al.  

(2016)) 

This general procedure was elaborated on during the first iteration of this 

research project. Figure 5.8 presents the general procedure model containing the 

following eight steps: 

1. Situation analysis: In order t o fully understand the use case for the CBR 

È××ÙÖÈÊÏȮɯ Èɯ ŗÙÚÛɯ ÚÐÛÜÈÛÐÖÕɯ ÈÕÈÓàÚÐÚɯcan be performed . Requirement 

elicitation and creativity techniques are applied. It is advisable  that the 

situation analysis can be done in a focus group or workshop -like setting. 

It was possible to observe that story-telling can be adequate to achieve 

impressive results. However, it is advisable that an additional and 

profound process analysis be elaborated. It is also advisable to consult 

existing enterprise architecture descriptions, from which further use cases 

can be derived. 

2. Stakeholders, concerns and things of interest: Based on the situation 

analysis the elements ÚÛÈÒÌÏÖÓËÌÙÚȮɯÊÖÕÊÌÙÕÚɯÈÕËɯŗÕÈÓÓàɯÛÏÌɯÛÏÐÕÎȹÚȺɯÖÍɯ

interest can be derived. 3ÏÐÚɯÐËÌÕÛÐŗÊÈÛÐÖÕɯwill  then be used to elaborate 

the mental models of the different stakeholders in order to derive the view 

and viewpoint -based similarity model as introduced in Section 5.5. 

3. Case lessons/content: Based upon the situation analysis, the case 

lessons/content can be elaborated together with the stakeholders. It is 
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advisable that exemplary cases with initial data be created and discussed. 

Additionally, it is advisable ÛÖɯËÌŗÕÌɯÏÖÞɯÛÏÐÚɯÐÕÐÛÐÈÓɯËÈÛÈɯÐÚɯÈÊØÜÐÙÌËɯÖÙɯ

imported.  

4. Case characterisation: In conjunction with the case content, a generalised 

case characterisation is created. At this stage, it is essential that an existing 

enterprise architecture be used to build an initial case characterisation 

vocabulary. 

5. Mental similarity/Adaptation models: When implementing CBR, it is the 

ultimate goal to represent mental similarity and a daptation models in a 

ÊÖÕÚÖÓÐËÈÛÌËɯÍÖÙÔɯÈÚɯÈɯÊÖÕŗÎÜÙÈÉÓÌɯÔÖËÌÓɯÈÚɯÈËÌØÜÈÛÌɯÈÚɯ×ÖÚÚÐÉÓÌȭɯ!ÌÍÖÙÌɯ

ÚÜÊÏɯ Èɯ ÊÖÕŗÎÜÙÈÉÓÌɯ ÔÖËÌÓɯ ÊÈÕɯbe implemented, the various mental 

models need to be elicited and consolidated from the stakeholders. The 

mental models will be consolidated but are still dependent upon the 

stakeholders and their concerns. 

6. Similarity model: Based on the stakeholder dependent mental models and 

ÎÌÕÌÙÈÓÐÚÌËɯÊÈÚÌɯÊÏÈÙÈÊÛÌÙÐÚÈÛÐÖÕȮɯÈɯ"!1ɯÌß×ÌÙÛɯÊÖÕŗÎÜÙÌÚɯÛÏÌɯÚÐÔÐÓÈÙÐÛàɯ

model dependent upon the views and vi ewpoints  and use an existing 

enterprise ontologyȭɯ3ÏÐÚɯÊÖÕŗÎÜÙÈÛÐÖÕɯÐÚɯËÖÕÌɯÉàɯËÌÛÌÙÔÐÕÐÕÎɯÎÓÖÉÈÓɯÈÕËɯ

local similarity functions and assigning weights.  

7. Adaptation model: In addition to  the similarity model, the adaptation 

ÉÌÏÈÝÐÖÜÙɯÐÚɯÊÖÕŗÎÜÙÌËɯÉàɯÈɯ"!R expert as well. The ICEBERG approach 

currently  support s manual or semi-manual adaptation rules.  

8. "!1ɯ ÊÖÕŗÎÜÙÈÛÐÖÕɯ ÈÕËɯ ËÈÛÈɯ ÐÔ×ÖÙÛȯɯ %ÐÕÈÓÓàȮɯ ÛÏÌɯ ÌÕÛÐÙÌɯ ÚàÚÛÌÔɯ ÐÚɯ

ÊÖÕŗÎÜÙÌËɯÉàɯÈɯ"!1ɯexpert and initial data is imported . 

This general procedure model can be applied to all type s of projects with CBR 

involvement with a number of modifications. The flowing section introduce d a 

modification and extension of this general procedure model with respect to 

process execution. 
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5.6.2 Procedure Model for Process Execution 

The generalised procedure model, as presented with in the previous section, was 

instantiated and concretized for process execution after the first incremental 

design science research cycle with the usage of the admission process application 

scenario. The concretized procedure model for process execution reflects, in 

particular, the process fragment modelling as a required additional step. The 

research from  Sections 6.1, 6.2 and 6.3 indicate that a deeper analysis concerning 

process fragments and the used modelling language needs to be conducted when 

instantiating the ICEBERG-PE approach in practice. Therefore, the procedure 

model was extended for the process execution as follows (see Figure 5.9): 

1. Situation analysis: To fully understand the current use case ÈɯŗÙÚÛɯÚÐÛÜÈÛÐÖÕɯ

analysis is performed . Requirement elicitation and creativity techniques 

are applied. It is advisable that the situation analysis can be done in a focus 

group or workshop -like settings. Moreover , it is advisable to consult 

existing enterprise architecture descripti ons, from which further use cases 

can be derived. 

2. Stakeholders, concerns and things of interest: Based on the situation 

ÈÕÈÓàÚÐÚȮɯÚÛÈÒÌÏÖÓËÌÙÚȮɯÛÏÌÐÙɯÊÖÕÊÌÙÕÚɯÈÕËɯŗÕÈÓÓàɯÛÏÌɯÛÏÐÕÎȹÚȺɯÖÍɯÐÕÛÌÙÌÚÛɯ

ÈÙÌɯËÌÙÐÝÌËȭɯ3ÏÐÚɯÐËÌÕÛÐŗÊÈÛÐÖÕɯÞÐÓÓɯÛÏÌÕɯÉÌɯÜÚÌËɯÛÖɯÌÓÈÉÖÙÈÛe the mental 

ÔÖËÌÓÚɯ ÖÍɯ ÛÏÌɯ ËÐÍÍÌÙÌÕÛɯ ÚÛÈÒÌÏÖÓËÌÙÚɯ ÛÖɯ ËÌÙÐÝÌɯ ŗÕÈÓÓàɯ ÛÏÌɯ ÝÐÌÞɯ ÈÕËɯ

viewpoint -based similarity model as introduced in Section 5.5. 

3. Process Model: After the situation analysis has been performed and the 

stakeholders are identified , a generalised and overall process model is 

elaborated. It is not required  to end up with a detailed process model that 

can be implemented in process execution. It should provide an overview 

and is a basis for a later process execution configuration. Moreover, based 

on this initial process model, a decision needs to be made regarding  which 

option of CBR process execution (see Section 5.5.4) would  be applied. 
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4. Case content: Based on the situation analysis and process model, the case 

content can be elaborated together with the stakeholders. It is advisable 

that exemplary cases with initia l data be created and discussed. 

Additionally, it is advisable ÛÖɯËÌŗÕÌɯÏÖÞɯÛÏÐÚɯÐÕÐÛÐÈÓɯËÈÛÈɯÐÚɯÈÊØÜÐÙÌËɯÖÙɯ

imported.  This will  then guide the process fragment model creation in the 

next step. 

5. Process Fragment Model: Since this approach reflects process execution 

and procedural knowledge, an initial analysis concerning process 

fragments need to be done. The process fragment model should be created 

based on an initial decision on complexity (see Section 6.2) and how the 

complexity will be assessed (see Section 6.3.1; feature comparison, 

empirical, theoret ical or conceptual evaluations). Finally, a case modelling 

language (graphical or textual) or a subset of modelling language (see 

Section 6.3) should be selected or tailored according to the previous 

complexity analysis, which is used as a process fragment modelling 

language. 

6. Case characterisation: In conjunction with the case content and the process 

fragment model , a generalised case characterisation is created. At  this 

stage, it is essential that enterprise specific elements such as enterprise 

models, enterprise specific conceptualization or nomenclature, or even an 

enterprise architecture can be used to build an initial case characterisation 

vocabulary, which may lead already to a domain/application ontology 

(step 8). These enterprise specific elements, which can be used as case 

characterisation input can be accessible implicitly or explicitly.  

7. Mental similarity/Adaptation models: When implementing CBR, it is the 

ultimate goal to represent mental similarity and adaptation models in a 

ÊÖÕÚÖÓÐËÈÛÌËɯÍÖÙÔɯÈÚɯÈɯÊÖÕŗÎÜÙÈÉÓÌɯÔÖËÌÓɯÈÚɯÈËÌØÜÈÛÌɯÈÚɯ×ÖÚÚÐÉÓÌȭɯ!ÌÍÖÙÌɯ

ÚÜÊÏɯ Èɯ ÊÖÕŗÎÜÙÈÉÓÌɯ ÔÖËÌÓɯ ÊÈÕɯbe implemented, the various mental 

models need to be elicited and consolidated from the stakeholders. The 
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mental models are consolidated but are still dependent to the stakeholders 

and their concerns. 

8. Domain/Application Ontology: A specific application and domain 

ontology is elaborated for a process execution instantiation, which is based 

on an enterprise ontology including application and domain concepts. 

This domain/application ontology creation is suggested with stakeholder 

involvement. It is debatable whether  this creation step should be made 

explicit or the creation of a domain/appli cation ontology will be done 

seamlessly during the case content and characterisation creation. 

However, eventually  a domain/application ontology needs to be available 

before the creation of the similarity model (step 9). 

9. Similarity model: Based on the stakeholder dependent mental models, 

generalised case characterisation and the ontology , a CBR expert 

ÊÖÕŗÎÜÙÌÚɯ ÛÏÌɯ ÚÐÔÐÓÈÙÐÛàɯ ÔÖËÌÓɯ ËÌ×ÌÕËÌÕÛɯupon the views and 

ÝÐÌÞ×ÖÐÕÛÚȭɯ3ÏÐÚɯÊÖÕŗÎÜÙÈÛÐÖÕɯÐÚɯËÖÕÌɯÉàɯËÌÛÌÙÔÐÕÐÕÎɯÎÓÖÉÈÓɯÈÕËɯÓÖÊÈÓɯ

similarity functions and ass igning weights.  

10. Adaptation model: Apart from the similarity model, the adaptation 

ÉÌÏÈÝÐÖÜÙɯÐÚɯÊÖÕŗÎÜÙÌËɯÉàɯÈɯ"!1ɯÌß×ÌÙÛɯÈÚɯÞÌÓÓȭɯ3ÏÌɯ("$!$1&-PE 

approach currently, supports manual or semi -manual adaptation rules.  

11. "!1ɯÊÖÕŗÎÜÙÈÛÐÖÕɯÈÕËɯËÈÛÈɯÐÔ×ÖÙÛȯɯSubsequently, the CBR system is 

ÊÖÕŗÎÜÙÌËɯÉàɯÈɯ"!1ɯexpert, and initial data is imported . 

12. Process Execution Configuration: Finally, the CBR system is integration 

with the process execution environment. A process engineer creates an 

executable and generalised process model if required and a possible 

process execution services. These process execution services interlink the 

CBR system with the process execution system. 
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Figure 5.9: Interlinked Case-based Reasoning Procedure Model for Process Execution 

5.7 Conclusion 

This chapter introduced the overall ICEBERG-PE approach, which was 

implemented and evaluated in order to answer the overall research question. The 

approach was derived from  related work in conjunction with the ad mission 

process application scenario. 

The chapter provided a conceptual answer to the following research questions, 

which is showcased by the implementation  of the prototype  (Chapter 8) and 

evaluated by triangulated data sources (Chapter 9). 

¶ The conceptual framework of the approach depicted how case-based 

reasoning can be integrated with process execution (RQ 1), in conjunction 

with the ontology framework.  

¶ The ontology framework , referred to as the ICEBERG-PE ontology, 

provide d a partial and conceptual answer for  how domain knowledge  and 

contextual information c ould  be used for the retrieval of cases and 

suggestion or adaptation of case items (RQ 3.2). 
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¶ The case viewpoint model, as part of the ontology framework , delineated 

how the process execution context could  be integrated into the case 

description (RQ 2.2). 

The next chapter describes the investigation of the case model and conceptually 

answers research questions 2, 2.1 and 2.2. 
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6 The Case Model 

The case model represents the concept, which is referred to as an instantiation in 

the following as the case itself. An instantiated case consists of a case 

characterisation and a case content (see Definition 2.9 and Definition 6.1). 

Definition 6.1: Case Model 

A case model consists of a description of the case characterisation (Definition 2.9) and 

the case content (Definition 6.1). 

In the following a case characterisation and a potential case content is described 

that has been elicited using the application scenario. This characterisation has 

been verified by two stakeholders (process members of the admission process 

application scenario; see Section 4.2). Apart from that, the case-based reasoning 

configuration has been created in collaboration with the stakeholders of the 

application scenario and is based on the ICEBERG case-based reasoning 

approach introduced here. 

This chapter answers the following research questions (see Section 1.4.2): 

RQ 2: What should the case description for knowledge-intensive work consist of? 

RQ 2.1:  How can functional and process knowledge be included in a case 

description that is cognitively adequate to humans? 

RQ 2.2: How can the process execution context be integrated into the case 

description? 
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This chapter starts with an investigation concerning process execution context, 

followed by a description of complexity and cognitive adequacy, then potential 

case content modelling languages are presented and finally the case model of the 

ICEBERG-PE approach is introduced . 

6.1 Case Description including Process Execution Context 

Abecker et al. (1998) defined the concept of context-intensive knowledge supply 

by differentiat ing three types of ontologies: enterprise, domain and information 

ontology : 

¶ The enterprise ontology provides contextual information.  (ÛɯÐÚɯɆȻȱȼɯÜÚÌËɯ

to describe the creation context and the intended utilization  context of 

knowledge items" (Abecker et al., 1998, p.44). 

¶ The domain ontology contains a content description of an enterprise. 

¶ The information ontology provides structure and access to information 

ÖÉÑÌÊÛÚȭɯ(ÛɯɆȻȱȼɯÊÖÔ×ÙÐÚÌÚɯÈÓÓɯÈÚ×ÌÊÛÚɯÖÍɯÐÕÍÖÙÔÈÛÐÖÕɯÈÕËɯÒÕÖÞÓÌËÎÌɯ

sources that are not content-specific" (Abecker et al., 1998, p.44). 

As an initial hypothesis, a concise case description is needed to support 

knowledge -intensive work and to reflect the process execution context. 

6.1.1 What is Context? 

The following research question refers to the process execution context: 

RQ 2.2: How can the process execution context be integrated into the case 

description? 

The definition of context can be regarded as a difficult undertaking (Thönssen 

and Wolff, 2012). Ben Mena et al. (2007, p.58) argue that it is not ×ÖÚÚÐÉÓÌɯÛÖɯɆȻȱȼɯ

speak about context in an absolute way". Instead, Mena et al. (2007, p.58) state 

that context depends closely on the domain and its application nature. 
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A r eason for identifying context and a definition of it has been provided by Dey 

and Abowed (1999), as follows: 

Definition 6.2: Context 

"Context is any information that can be used to characterise the situation of an entity" 

(Dey and Abowd, 1999, p.3; Dey, 2001, p.2). 

Such an entity can be everything of concern. Thönssen and Wolff (2012) list 

several types of context data related to business entities. There are business 

processes; workflow relevant data ; business constraints; and application, 

resource, social and geographical contexts. They came to the conclusion that an 

ɆȻȱȼɯÌÕÛÌÙ×ÙÐÚÌɯÈÙÊÏÐÛÌÊÛÜÙÌɯ×ÙÖÝÐËÌÚɯÛÏÌɯÉÐÎÎÌÚÛɯÖÝÌÙÝiew of the enterprise 

context data" (Thönssen and Wolff, 2012, p.343). Thönssen and Wolff (2012) 

further suggest the use of ontologies for modelling context.  

Definition 6.3: Enterprise Context 

Enterprise context is the conceptualisation of all elements affecting enterprise objects 

and characterising the situation of them. 

6.1.2 What is Process Execution Context? 

RQ 2.2: How can the process execution context be integrated into the case 

description? 

Business process management is primarily focused on the flow. "BPM involves 

the flow of control and the sequencing of state changes" (Palmer, 2011, p.79), 

whereas adaptive case management (ACM ) (see 2.1.2 Flexibility of Case 

Management) considers the context when knowledge worker s execute 

knowledge -intensive tasks and thus is context-aware (Palmer, 2011). 

According to  Palmer (2011, p.82)Ȯɯ ",ɯÐÚɯÛÏÌɯÊÈ×ÛÜÙÐÕÎɯÖÍɯÉÖÛÏɯÛÏÌɯɁÞÏÈÛɂɯȹËÈÛÈȮɯ

ÍÐÓÌÚȮɯÙÌÊÖÙËÚɯÖÙɯÔÖÚÛɯÖÍÛÌÕɯÓÐÕÒÚɯÛÖɯÛÏÌɯ×ÏàÚÐÊÈÓɯÚÖÜÙÊÌÚɯÖÍɯÛÏÖÚÌȺɯÈÕËɯÛÏÌɯɁÏÖÞɂɯ

(metadata, audit trail, as well as the context of decisions and actions). "Case 

management, by its definition, is a system of record of what happened. It 

captures the context as well as links the information as the case evolves" (Palmer, 
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2011, p.83). Moreover, it provides a "[ȱȼɯÓÖÕÎ-term record of how work is done" 

(Palmer, 2011, p.86). 

The flow of a process, what is predetermined in structured  business processes, is 

sometimes denoted as process logic (von Halle and Goldberg, 2009; Hinkelmann, 

2014). Process logic can refer to knowledge about processes (such as process flow, 

roles or resources) and is contained in the process model (Hinkelmann, 2016). 

The information about how something is done (know how), is denoted as 

business logic. It can refer to knowledge in processes (skills, experience and know 

how) at run time (Hin kelmann, 2016). Apart from that, business logic represents 

business thinking about the way important business decisions are made (von 

Halle and Goldberg, 2009, p.6). 

Contextual elements need to be reflected by considering additional conceptual 

modelling methods to include more than only the flow of a process (process 

logic) in a case description. The process logic explains what has happened. Based 

on an analysis of contextual information , it is possible to identify how a certain 

situation has been reached. Business logic can provide contextual information 

explaining how a certain situation has been reached and frames knowledge, used 

in process logic, which explains why a certain situation has been reached and 

why a certain situation exists.  

The Workflow Management Coalition (WfMC, 1995) identified three types of 

data: workflow control data, workflow relevant data (also called case data) and 

application data. Thönssen and Wolff (2012) considered workflow relevant data 

as contextual data, and they showed that many process-oriented, case-based 

reasoning frameworks support the usage of this data type. Workflow relevant 

data is application data that is accessible from the process execution (also called 

workflow) engine, and can be created and updated by the engine. In contrast, the 

application data can only be manipulated by the application itself; even this 

application is invoked by the execution engine (WfMC, 1995). 
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Definition 6.4: Process Execution Context 

Process execution context is enterprise context that is used by a process execution 

engine (Definition 2.4) denoted as workflow relevant data and business logic that is 

used by knowledge workers. 

6.1.3 How Can Context be Integrated into the Case Description?15 

Another aspect of the following research question is the integration of context in 

the case description: 

RQ 2.2: How can the process execution context be integrated  into the case 

description? 

In CBR, a case contains elements of concern (the case content) and a descriptive 

part (characterisation). For this, existing knowledge (sometimes called 

background, contextual or domain knowledge) can be used as vocabulary to 

describe cases (Richter, 1998). 

Vocabularies consist of concepts and relationships (also called terms), which can 

be used to describe "an area of concern" (W3C, 2012b). Such a vocabulary needs 

to be acquired in advance, and this is a demanding task in time consumption and 

knowledge worker involvement, which can lead to an expensive situation for 

enterprises in particular. To overcome this, several studies suggest the utilisation 

of ontologies (Díaz-Agudo and González-Calero, 2000; Recio-Garía and Díaz-

Agudo, 2007; Gao and Deng, 2010) and the use of enterprise architecture 

descriptions. The underlying idea is the re -use of already existing and agreed-

upon conceptualisations of (enterprise) entities using an accepted and machine-

processable format that additionally provides reasoning capabilities.  

Enterprise ontologies can provide a vocabulary for enterprise -specific case 

descriptions (Martin, Emmenegger and Wi lke, 2013). Moreover, such an 

                                                 

15 Some verbatim passages presented in this following section, which have been achieved in this 

thesis project, are published in the following own authored publication : Martin et al.  (2016) 
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enterprise ontology should be rooted on existing enterprise -specific 

conceptualisation. The alternative, however, would be building such an 

enterprise ontology from scratch or using an arbitrary, not specified and not 

accepted enterprise ontology, which could lead to enterprise vocabulary 

inconsistency. 

To overcome this, Kang et al. (2010), Hinkelmann et al. (2010), Thönssen (2010) 

and Martin et al. (2013) have suggested formalising enterprise architecture 

descriptions and enterprise models (such as business process models or 

organisational charts) in an enterprise ontology. An enterprise architecture is a 

ËÌÚÊÙÐ×ÛÐÖÕɯÖÍɯÈÕɯɆȻȱȼɯÌÕÛÌÙ×ÙÐÚÌɅÚɯÖÙÎÈÕÐÚÈÛÐÖÕÈÓɯÚÛÙÜÊÛÜÙÌȮɯÉÜÚÐÕÌÚÚɯ×ÙÖÊÌÚÚÌÚȮɯ

information systems, and infrastructure" (Lankhorst, 2009, p.3) and is an 

excellent source of enterprise-specific knowledge to describe cases. Apart from 

the enterprise architecture description, selected enterprise models are potential 

sources of enterprise vocabulary and knowledge. Both enterprise architecture 

and enterprise ontologies allow the reuse of existing vocabulary without storing 

it redundantly, which avoids possible inconsistencies and additional 

maintenance effort. 

Apart from general enterprise -specific knowledge, which is based on enterprise 

architecture descriptions, Thönssen and Wolff (2012) suggest the use of an 

ontology -based representation of context. In the past several context ontologies 

have been introduced, including  SUMO (Niles and Pease, 2001), CONON (Xiao 

Hang Wang, Da Qing Zhang, Tao Gu and Hung Keng Pung, 2004) and SOUPA 

(Chen, Perich, Finin and Joshi, 2004). 

Therefore, the processes execution context, which is enterprise context 

(Definition 6.4), can be integrated using information derived from an enterprise 

ontology and with the usage of a vocabulary that is linked to the same enterprise 

ontology. The ontology framework of the ICEBERG-PE approach (see Section 5.4) 

provides such an ontology to include process execution context in an adequate 

manner. 
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6.2 Complexity and Cognitive Adequacy 

When using cases in a case-based system, the case description should be made 

explicit and represented in a way that allow s machine processing; in parallel, it 

should remain understandable (cognitively adequate) to humans. The 

implication is that the case description language should be as natural as possible 

to gain a wide acceptance from the end user. Therefore, in this section, the 

cognitive adequacy and potential complexity of cases is investigated with the 

guidance of the following research question:  

RQ 2.1:  How can functional and process knowledge be included in a case 

description that is cognitively adequate  to humans? 

The cognitive load theory (see Chandler and Sweller, 1991; Sweller, van 

Merrienboer and Paas, 1998) is an instructional theory that explains how 

cognitive resources can be concentrated on the actual learning tasks rather than 

the preliminaries for the learning task itself.  

"The theory assumes a limited capacity working memory that includes partially 

independent subcomponents to deal with auditory/verbal material and visual/2 - 

or 3-dimensional information as well as an effectively unlimited long -term 

memory, holding schemas that vary in their degree of automation" (Sweller, van 

Merrienboer and Paas, 1998, p.251). 

The cognitive load theory assumes that the working memory is limited and a 

working memory overload results in  a decrease of learning (schema 

construction), quality and tim e consumption of an individual.  
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Figure 6.1: Structure of the Memory System (based on Atkinson and Shiffrin, 1968; Claes, 

Gailly and Poels, 2013) 

Figure 6.1 shows the structure of the human memory system based on Atkinson 

and Shiffrin (1968) and with  the terminology of Claes, Gailly and Poels (2013). 

Based on Atkinson and Shiffrin (1968), the human memory system consists of 

thr ee structural components: 

1. 2ÌÕÚÖÙàɯÔÌÔÖÙàȯɯɁ(ÕÊÖÔÐÕÎɯÚÌÕÚÖÙàɯÐÕÍÖÙÔÈÛÐÖÕ [(input)]  first enters the 

sensory register [(sensory memory)], where it resides for a very brief 

period of timeȮɯÛÏÌÕɯËÌÊÈàÚɯÈÕËɯÐÚɯÓÖÚÛɂ (Atkinson and Shiffr in, 1968, p.90). 

The information will then automatically be transferred to the working 

memory, based on an attention-based selection process. 

2. Working memory: The working memory receives the selected information 

from the sensory memory. Ɂ(ÕÍÖÙÔÈÛÐÖÕɯÐÕɯÛhe short-term store [(working 

memory)] decays completely and is lost within a period of about 30 

seconds, but a control process called rehearsal can maintain a limited 

ÈÔÖÜÕÛɯ ÖÍɯ ÐÕÍÖÙÔÈÛÐÖÕɯ ÐÕɯ ÛÏÐÚɯ ÚÛÖÙÌɯ ÈÚɯ ÓÖÕÎɯ ÈÚɯ ÛÏÌɯ ÚÜÉÑÌÊÛɯ ËÌÚÐÙÌÚɂ 

(Atkinson and Shiffrin, 1968, pp.90ɬ91). The information in the working 

memory will be enhanced and completed with information, which is 

retrieved  from the long -term memory  (Claes, Gailly and Poels, 2013). 

3. Long-ÛÌÙÔɯÔÌÔÖÙàȯɯɁ3ÏÌɯÓÖÕÎ-term store [(long-term memory)]  is a fairly  

permanent repository for information, information which is transferred  

[(encoded and copied)] from the short -term store ȻȹÞÖÙÒÐÕÎɯÔÌÔÖÙàȺȼɂ 

(Atkinson and Shiffrin, 1968, p.91). 



6 The Case Model 145 

© University of South Africa 2016 

The working memory has a limited capacity. The limit of the human working 

ÔÌÔÖÙàɯÐÚɯÌÚÛÐÔÈÛÌËɯÉàɯɁÛÏÌɯÔÈÎÐÊÈÓɯÕÜÔÉÌÙɂɯÚÌÝÌÕȮɯ×ÓÜÚɯÖÙɯÔÐÕÜÚɯÛÞÖɯ

ɁÊÏÜÕÒÚɂɯÖÍɯÐÕÍÖÙÔÈÛÐÖÕɯ(Miller, 1956)ȭɯɁ3ÏÌɯÈÔÖÜÕÛɯÖÍɯÐÕÍÖÙÔÈÛÐÖÕɯÚÛÖÙÌËɯÐÕɯÖÕÌɯ

cÏÜÕÒɯËÌ×ÌÕËÚɯÖÕɯÛÏÌɯÌß×ÌÙÛÐÚÌɯÖÍɯÛÏÌɯÚÜÉÑÌÊÛɯÖÕɯÛÏÌɯÚ×ÌÊÐÍÐÊɯÛÈÚÒɂɯ(Claes, Gailly 

and Poels, 2013, p.170). This means that experts can access more existing 

information and already constructed schemas, which leads to more efficient 

chunking. ExpÌÙÛÚɯɁȻȱȼɯÊÈÕɯÚÛÖÙÌɯÔÖÙÌɯÐÕÍÖÙÔÈÛÐÖÕɯÐÕɯÈɯÚÐÕÎÓÌɯÊÏÜÕÒɯÖÍɯÞÖÙÒÐÕÎɯ

memory (one schema of an expert provides access to more information than a 

ÕÖÝÐÊÌɀÚɯÚÊÏÌÔÈȺɂɯ(Claes, Gailly and Poels, 2013, p.170). 

To adapt this to the initial research question, ÈɯɁȻȱȼɯÊÈÚÌɯËÌÚÊÙÐ×ÛÐÖÕɯÛÏÈÛɯÐÚɯ

ÊÖÎÕÐÛÐÝÌÓàɯÈËÌØÜÈÛÌɯÛÖɯÏÜÔÈÕÚɂɯÐÚɯÈɯÊÈÚÌɯËÌÚÊÙÐ×ÛÐÖÕɯÛÏÈÛɯÊÖÕÚÐËÌÙÚɯÛÏÌɯÓÐÔÐÛÌËɯ

capacity of the working memory. This reflection of the limited working memory 

can be gained by heading towards a cognitive fit as described in the following 

section. 

 

Figure 6.2: Cognitive Fit in Problem Solving  (adapted from Shaft and Vessey (2006)) 

The cognitive fit theory assumes that a representation that fits an individual 

reduces the cognitive load. In other words, the best fit between the (problem-

solving) task and the (problem) representation is requested to maximise the 

(problem-solving) performance (see Figure 6.2). Ɂ3ÏÌɯÊÖÎÕÐÛÐÝÌɯÍÐÛɯÛÏÌÖÙàɯÚÛÈÛÌÚɯ

that when the task material representation fits with the task to be executed, 
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people tend to be more effective ÈÕËɯÔÖÙÌɯÌÍÍÐÊÐÌÕÛɯÐÕɯÌßÌÊÜÛÐÕÎɯÛÏÌɯÛÈÚÒɯȻȱȼɂɯ

(Claes, Gailly and Poels, 2013, p.171). 

Claes et al. (2015) combined the several cognitive theories (cognitive load theory, 

cognitive fit theory and human memory theory) and integrated them into a 

conceptual framework.  

 

Figure 6.3: Causal Model of Cognitive Load in Working Memory  (adapted from Claes et al. 

(2015)) 

Figure 6.3 shows an adapted version of the causal model of Claes et al. (2015) 

explaining the cognitive load in human working memory.  

¶ Extraneous cognitÐÝÌɯÓÖÈËȯɯɁ$ßÛÙÈÕÌÖÜÚɯÊÖÎÕÐÛÐÝÌɯÓÖÈËɯÔÈÐÕÓàɯËÌ×ÌÕËÚɯÖÕɯ

ÛÏÌɯÐÕ×ÜÛɯÔÈÛÌÙÐÈÓɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕɯÍÐÛɯȻȱȼȭɯ ɯÏÐÎÏÌÙɯÍÐÛɯÙÌØÜÐÙÌÚɯÈɯÓÖÞÌÙɯ

ÊÖÎÕÐÛÐÝÌɯÓÖÈËɂ (Claes et al., 2015, p.13). A higher fit occurs when the 

material, including models and documents, represents the current 

problem. 

¶ (ÕÛÙÐÕÚÐÊɯÊÖÎÕÐÛÐÝÌɯÓÖÈËȯɯɁ3ÏÌɯÐÕÛÙÐÕÚÐÊɯÊÖÎÕÐÛÐÝÌɯÓÖÈËɯÐÕÊÙÌÈÚÌÚɯÍÖÙɯÔÖÙÌɯ

complex tasks and decreases in case the [individual]  possesses more 

ÙÌÓÌÝÈÕÛɯ×ÙÐÖÙɯÒÕÖÞÓÌËÎÌɯȻȱȼɂɯ(Claes et al., 2015, p.13). Prior knowledge 
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can be domain knowledge, modelling  language expertise or methodical 

knowledge.  

¶ &ÌÙÔÈÕÌɯÊÖÎÕÐÛÐÝÌɯÓÖÈËȯɯɁ&ÌÙÔÈÕÌɯÊÖÎÕÐÛÐÝÌɯÓÖÈËɯÐÚɯÊÈÜÚÌËɯÉàɯÓÖÈËÐÕÎɯ

information in working memory for the construction of cognitive 

schemas, which is not a prerequisite for the task, but rather the result of 

ÓÌÈÙÕÐÕÎɂ (Claes et al., 2015, p.13). 

6.2.1 What is Cognitive Adequacy? 

If the working memory does not overload, as a result of the cumulative loads, 

then the problem-solving p erformance is adequate and new schema can be 

constructed (learning). Therefore, the following definition can be s tipulated 

concerning cognitive  adequacy of the knowledge  worker . 

Definition 6.5: Cognitive Adequacy 

Cognitive adequacy can be reached by reducing and optimising the cognitive load (the 

amount of mental effort in the working memory) of the knowledge worker. 

From the perspective of this study, only the extraneous cognitive load can be 

influenced in a short time. This causal model implies that the material/problem 

representational fit needs to be maximised. For doing so, the complexity of the 

representation needs to be optimised. Therefore, in the following section, 

complexity is defined and finally the similarity and complexity fit is introduced 

as an evolution of the material/problem representational fit.  

6.2.2 What is Complexity? 

A widely used definition of complex ity is defined by the IEEE (1991, p.46) as 

follows: "The degree to which a system or component has a design or 

implementation that is difficult to understand  and verify". This degree is difficult 

to evaluate. Nevertheless, Saltzer and Kaashoek (2009, pp.10ɬ11) identified five 

signs of complexity:  
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1. A large number of components: The number of elements  can affect whether 

a system is regarded as complex or not. 

2. A large number of interconnections: Similar to the number of elements, a 

large number of existing or possible interconnections  can be regarded as 

a "chaotic" system. 

3. Many irregularities: Irregularities can be considered to be a huge amount 

of exceptions in arranging components or non-repetitive  

interconnections. 

4. A long description: A description of a system can be regarded as adequate 

if it explains every aspect and detail of a system. In contrast, a reduction 

of a description to the shortest specification focusing on the core elements 

can be more efficient, even if this would be a loss of information. Whether 

an adequate description should be long, compressed without information 

loss (Kolmogorov complexity) or reduced is relative to understa nding.  

5. A team of designers, implementers or maintainers: A system not being 

understandable by just one person can be regarded as a fundamental 

issue, because maintenance and construction may require expertise, 

coordination and communication with different stakeholders. 
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6.2.3 Reducing Cognitive Load 

Based on the previously described investigation concerning cognitive adequacy, 

cognitive load and complexity, Figure 6.4 shows two elements which ensure 

cognitive adequacy in this ICEBERG-PE approach. 

 

Figure 6.4: Similarity and Complexity Fit R educing (Extraneous) Cognitive Load  

The "previous case material / current problem similarity" can be ensured using a 

sufficient CBR similarity mechanism, which will be introduced in Chapter 7. The 

"previous case material representation complexity" needs to be reduced using a 

less complex way to describe previous cases. The case material refers to the case 

content and focuses on the process execution context and its graphical 

representation possibiliti es (modelling languages). The following chapter will 

continue with the complexity investigation concerning modelling languages as a 

potential case content element that is cognitively adequate. 
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6.3 Potential Case Content Modelling Languages 

This section describes the investigation concerning potential modelling 

languages with regard to the cognitive adequacy and complexity as described in 

the previous chapter. Therefore, the following research question will be 

addressed here: 

RQ 2.1:  How can functional and process knowledge be included in a case 

description that is cognitively adequate to humans? 

 The chapter starts with a description of how the complexity of modelling 

languages can be assessed, which is followed by a delineation of related case 

content languages under the consideration of complexity and usage. 

6.3.1 Complexity of Modelling Languages 

Recker et al. (2009) underlined the importance of analysing the conceptual 

modelling languages from a complexity point of view. A reduction in complexity 

could affect the learnability and ease of use of a modelling approach (Recker et 

al., 2009). This result could increase the overall usage, longevity and success of 

implemented modelling approaches (Recker et al., 2009). "Even though the 

measure of complexity may not be perfectly accurate, a rough estimate of a 

method complexity is bet ter than no information" (Recker et al., 2009, p.2). 

Siau and Rossi (2011) analysed several evaluation techniques for modelling 

languages and came up with the following three main categories : feature 

comparison, theoretical and conceptual evaluation, and empirical evaluation 

(Recker et al., 2009): 

¶ Feature comparison can involve a checklist-based evaluation comparing 

certain modelling features or requirements. 

¶ Empirical evaluation involves surveys, laboratory experiments or case 

studies. 
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¶ Theoretical and conceptual evaluations can contain methods from the 

metamodelling domain an d further techniques from ontology -based 

evaluation or metrics analysis. Theoretical and conceptual evaluations do 

not involve empirical data, are considered to be objective and are not 

biased by a concrete usage scenario. 

Recker et al. (2009) presented a complexity evaluation (see Table 6.1) of UML and 

BPMN based on a metrics analysis (Rossi and Brinkkemper, 1996). They rely on 

the cognitive load theory of Chandler and Sweller (1991) by presenting the 

hypothesis tÏÈÛɯɆȻȱȼɯÛÏÌɯ×ÙÌÚÌÕÊÌɯÖÍɯÔÖÙÌɯÔÖËÌÓÐÕÎɯÌÓÌÔÌÕÛÚɯÐÕÊÙÌÈÚÌɯÊÖÎÕÐÛÐÝÌɯ

load for the modeler" , ÉÜÐÓËÐÕÎɯÛÏÌɯÖÝÌÙÈÓÓɯÈÚÚÜÔ×ÛÐÖÕɯÛÏÈÛɯɆȻȱȼɯÈɯÔÌÛÏÖËɯȻÐÚȼɯ

harder to learn and with more difficult rules to follow" (Recker et al., 2009, p.4). 

Table 6.1: Complexity Metrics Evaluation Results (Recker et al., 2009) 

Method Objects 

(Obj) 

Relationships 

(Rel) 

Properties 

(Prop) 

Prop/Obj Prop/Rel Total 

Complexity 

BPMN FULL 90.00 6.00 143.00 1.52 1.33 169.07 

BPMN 

CONCRETE 

57.00 6.00 74.00 1.19 1.33 93.60 

UML FULL 57.00 53.00 72.00 1.26 1.36 106.00 

UML 

Activity 

diagrams 

8.00 5.00 6.00 0.75 0.20 11.18 

UML State 

diagrams 

10.00 4.00 11.00 1.00 0.50 15.39 

Table 6.1 shows the complexity analysis of Recker et al. (2009) based on the 

metrics of Rossi and Brinkkemper (1996). The results indicate that a BPMN 

subset, BPMN-CONCRETE, consisting of graphical instantiations only as 

defined by Recker et al. (2009), has a similar complexity as UML -FULL. 

Unsurprisi ngly, UML activity and state diagrams are less complex than both 
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BPMN sets. Recker et al. (2009, p.6) ÈÙÎÜÌɯÛÏÈÛɯÛÏÌɯɁȻȱȼɯÈÕÈÓàÚÐÚɯÐÕËÐÊÈÛÌÚɯÛÏÈÛɯÛÏÌɯ

ÛÏÌÖÙÌÛÐÊÈÓɯÊÖÔ×ÓÌßÐÛàɯÖÍɯ!/,-ɯÐÚɯÏÐÎÏÌÙɯÛÏÈÕɯÛÏÈÛɯÖÍɯ4,+ɯȻȱȼȭɯȻ3ÏÌȼɯÈÊÛÜÈÓ 

ÜÚÈÎÌɯÊÖÔ×ÓÌßÐÛàɯÖÍɯ4,+ɯÈÕËɯ!/,-ɯÔÈàɯÐÕɯÍÈÊÛɯÉÌɯØÜÐÛÌɯËÐÍÍÌÙÌÕÛɯȻȱȼɯÐÕɯ

×ÙÈÊÛÐÊÌɂȭɯ%ÜÙÛÏÌÙɯ1ÌÊÒÌÙɯÌÛɯÈÓȭɯ(2009, p.6) ÈÙÎÜÌɯÛÏÈÛɯɁȻȱȼɯÕÖÛɯÈÓÓɯÛÏÌɯÊÖÕÚÛÙÜÊÛÚɯ

are used all the times and not all the constructs are equally importaÕÛɂȭɯ3ÏÐÚɯ

means that such a theoretical complexity analysis can only complement a 

practical analysis. To conduct a comprehensive and holistic complexity analysis, 

the practical complexity should be considered in addition to the theoretical 

ÊÖÔ×ÓÌßÐÛàȭɯɁ(ÛɯÞÐÓÓɯÉÌɯÒÌàɯÛÖɯÈÙÙÐÝÌɯÈÛɯÈÕɯÐÕÍÖÙÔÌËɯÖ×ÐÕÐÖÕɯÕÖÛɯÖÕÓàɯÈÉÖÜÛɯÏÖÞɯ

a modeling method is theoretically possible to be used (the theoretical 

ÊÖÔ×ÓÌßÐÛàȺȮɯÉÜÛɯÈÓÚÖɯÏÖÞɯÐÛɯÐÚɯÈÊÛÜÈÓÓàɯÉÌÐÕÎɯÜÚÌËɯȹÛÏÌɯ×ÙÈÊÛÐÊÈÓɯÊÖÔ×ÓÌßÐÛàȺɂɯ

(Recker et al., 2009, p.6). The following section presents the BPMN modelling 

language as a potential language for the case content with consideration of the 

practical complexity.  

6.3.2 Complexity of BPMN 

This section describes the modelling language BPMN with the consideration of 

practical complexity. Based on BPMN version 1.0, zur Muehlen and Recker (2008) 

made an analysis of the distribution of modelling element usage. They analysed 

126 BPMN diagrams from different practitioners (consultants, seminar 

participants and online sources) and presented the result as shown in Figure 6.6. 

After grouping the elements (see Figure 6.5), they came to the conclusion that the 

ɆȻȱȼɯÈÝÌÙÈÎÌɯÚÜÉÚÌÛɯÖÍɯ!/,-ɯÜÚÌËɯÐÕɯÛÏÌÚÌɯÔÖËÌÓÚɯÊÖÕÚÐÚÛÌËɯÖÍɯÑÜÚÛɯÕÐÕÌɯ

different symbols" (zur Muehlen, 2008). This means that only approximately 20 

percent of the whole BPMN 1.0 element set has been used by common users. 
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Figure 6.5: Grouping of BPM N 1.0 Elements (Muehlen and Recker, 2008) 

The grouping has been elaborated by looking to the co-occurrence of certain 

elements and calculating the frequencies (as depicted in Figure 6.5 by the 

numbers in the edges). The detailed results are depicted in Figure 6.6. 

Zur Muehlen (2008) came to the conclusion that: 

1. The common core set of different BPMN elements is in average small . 

2. There are two types of modellers . One group  "represent[s] organizational 

responsibility for tasks" with pools and lanes, and another group 

"represent[s] the control flow rules of the process in detail" with gateways.  

Overall Zur Muehlen (2008) suggested, that ɆÚÛÈÕËÈÙËÚɪÔÈÒÌÙÚɯÚÏÖÜÓËɯÙÌÝÐÌÞɯ

whether a more complete, but also more complex language is a desirable result 

of the standardization process". This suggestion was made before the BPMN 

specification 1.1 was released. The blog post from zur Muehlen (2008) and the 

underlying research paper from zur Muehlen and Recker (2008) initialized an 

intense debate about the expressiveness of the next BPMN specification (zur 

Muehlen and Recker, 2013). 
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Figure 6.6: Frequency Distribu tions of BPMN Construct Usage (zur Mu ehlen, 2008) 

Additionally , Robert Shapiro (2010) introduced in a webina r of the Workflow 

Management Coalition (WfMC) a concept of sub-classes (see Figure 6.7) just 

before the BPMN specification was released. 

 

Figure 6.7: Sub-Classes within Process Modelling (Shapiro, 2010) 
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The OMG specified in the BPMN 2.0 standard (OMG, 2011) three conformance 

subclasses/levels based on the suggestions of Silver (2011) and the suggestions of 

Shapiro (2010). These conformance subclasses/levels represent subsets of the 

BPMN modelling elements for the  following different use cases (see Figure 6.8): 

descriptive, analytical and executable. 

¶ The descriptive  level contains a limited set of modelling elements for 

different stakeholders  in the business. 

¶ The analytical  level extends the descriptive subset with additional 

elements such as additional event types and exceptions. 

¶ The executable level contains elements that are needed to support the 

execution of a BPMN process. 

The mentioned proposals and analyses clearly set out that a specific subset is 

relevant in practice to avoid practical complexity. Unfortunately, based on the 

proposals, it is not possible to ultimately define an adequate subset. Therefore, 

the case model of ICEBERG-PE should provide the possibility of selecting any 

subset of a modelling language according to the user's needs. 

 

Figure 6.8: BPMN 2.0 Subclasses (ÈËÈ×ÛÌËɯÍÙÖÔɯ/ÖÓÈÕðÐð (2014)) 
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6.3.3 Flexibility of CMMN 

As mentioned in Section 2.1.2, case management provides the ability to manage 

cases and gives the knowledge workers more freedom and flexibility. The 

workers usually drive case management, which ÐÚɯÊÏÈÙÈÊÛÌÙÐÚÌËɯÉàɯÈɯɁÔÐÕÐÔÈÓɯ

×ÙÌËÌÍÐÕÌËɯÌÕÊÖËÐÕÎɯÖÍɯÛÏÌɯÞÖÙÒɯÛÖɯÉÌɯ×ÌÙÍÖÙÔÌËɂɯ(OMG, 2014, p.5). This means 

that only limited parts of the work to be performed is modelled during design 

time. Nevertheless, planning during run time is an important aspect of case 

management. 

 

Figure 6.9: CMMN 1.0 - Design Time Phase Modelling and Runtime Phase Planning (OMG, 

2014) 

CMMN , a model and notation  for case management, is currently released as 

version 1.0 (OMG, 2014) and as beta 1.1 (OMG, 2016) from the Object 

Management Group (OMG). As shown in Figure 6.9, case and knowledge 

worker s can select existing tasks, reorder the sequence and collaborate with other 

case workers. 

Nevertheless, the flexibility is limited in CMMN to only so -called discretionary 

items, which are predefined during  design time and can be added to the case 

plan. In Section 6.4 a comparison between BPMN and CMMN in presented. 

Based on this, a new case model is presented in Section 6.4 using a suggested 

modelling language called BPFM (Cognini, Corradini, Polini and Re, 2015b; a; 

Cognini, Hinkelmann and Martin, 2016) . 
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6.4 Case Model of Ontology-based CBR and Process 

Execution 

This section introduces the case model of the ICEBERG-PE approach in 

consideration of the previous research concerning complexity, potential case 

content modelling languages and case description. Therefore, this section 

addresses research question 2 as a whole, including its sub-questions: 

RQ 2: What should the case description for knowledge-intensive work consist of? 

RQ 2.1:  How can functional and process knowledge be included in a case 

description that is cognitively adequate to humans? 

RQ 2.2: How can the process execution context be integrated into the case 

description? 

In the following  section, the objectives for the case model are introduced, 

followed by a conceptual description of the case content and characterisation. 

The implementation of the ICEBERG-PE approach, including the 

implementation of the case model, is provided in Chapter 8 and showcased using 

the admission process application scenario in the evaluation Chapter 9. 

6.4.1 Objectives for Case Model 

In this section, the objectives for the case model are introduced to answer the 

following research question:  

RQ 2: What should the case description for knowledge-intensive work consist of? 

The research objectives (RO) are derived from the admission process application 

scenario and its case data with the help of the stakeholders during two 

interviews , one on 31st May 2015 and a second one on 4th April 2015. 

Objectives for case content:  The case content should contain a representation of 

certain process fragments, which can be manually executed and adapted. The 

objectives for the case content are: 
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¶ Process fragment16 modelling: The cases should consist of process fragments 

(RO-A), which can be modelled by the knowledge workers . 

¶ Representation: The case content should be presented using a graphical 

representation (RO-B). 

¶ Maintaining: The case content should have certain update functionality 

(RO-C) to evolve the process fragments. 

¶ Modelling of information resources: The case content should contain 

information resources (RO-D) such as documents; data objects are system 

resources. 

¶ Modelling of variants: Despite the objective of the fragment modelling, the 

application scenario stakeholders requested to model certain variants (RO-

E) of potential activities and flows within one case, which  can be concrete 

or generalised. 

o Concrete process fragment case: It should be possible to model 

process fragments as new concrete cases (RO-F). 

o Generalizable process fragment case: Additionally, the 

stakeholders are requested to provide a possibility to manually 

model certain process fragments as generalised cases (RO-G), which 

can be updated. 

Objectives for case characterisation: The case characterisation enriches the case 

description  with additional information which serves as a processable basis for a 

similarity measure. The following objectives for the case characterisation have 

been derived: 

                                                 

16 Process fragment: The term process fragment has been introduced by the author of this study 

during the requirement analysis. The stakeholders referred this concept as loose and 

unspecific fragmental element containing specifically performed activities, sub -process or 

case data ɬ the term is introduced in Section 6.4.2.1. 



6 The Case Model 159 

© University of South Africa 2016 

¶ Structural: The cases need to be described in a structured (RO-H) way. 

¶ Ontology-based: The case characterisation should be described with a 

reusable vocabulary which can be provided  in an enterprise ontology (RO-

I). 

¶ The inclusion of process execution information: The case characterisation 

should include process information (RO-J) such as variables or roles to 

assign tasks to appropriate performers. 

6.4.2 Case Content containing Process Knowledge17 

Based on the derived requirements, the following case content case been 

elaborated. This section starts with a short investigation concerning process 

fragments followed by an introduction to a modelling language for the process 

fragments. Finally, the case content model will be introduced. 

6.4.2.1 Process Fragments 

As mentioned in the objectives section above, knowledge workers requested a 

certain process fragment possibility. They referred to this concept (see the 

conceptual sketch in Figure 6.10) as a loose and unspecific fragmental element 

containing specifically performed activities, sub -processes or case data. 

Knowledge workers should be able to make decisions based on process 

fragments, which can only be made by the knowledge workers themselves and 

which can only be executed by humans (see human tasks of case management 

model and notation).  Ɂ/ÙÖÊÌÚÚɯ ÍÙÈÎÔÌÕÛÚɯ ÈÙÌɯ ÙÌŘÌÊÛÐÕÎɯ ÛÏÌɯ ×ÈÙÛÐÈÓɯ ÈÕËɯ

intermit tent knowledge one modeller [or a knowledge worker] has at a certain 

ÛÐÔÌɯÈÉÖÜÛɯÈɯÚ×ÌÊÐŗÊɯÚÐÛÜÈÛÐÖÕɂɯ(Eberle, Unger and Leymann, 2009, p.399). For 

knowledge workers , it seems useful to take approaches that allow them to 

                                                 

17 Some verbatim passages presented in this following section, which have been achieved related 

to this thesis project, are have been published in the fo llowing co -authored publications 

(Cognini, Hinkelmann and  Martin, 2016; Martin et al., 2016) 
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structure the 

business process 

in part as process 

fragments since 

there are no fully 

ËÌŗÕÌËɯ ÔÖËÌÓÚɯ

they can easily adapt or modify  at runtime (Reichert and Weber, 2012). Therefore, 

the followed case model focuses on the man-made modelling of process 

fragments without a reduced granularity depending on the variation of the 

knowledge worker ɀÚɯsituation.  

6.4.2.2 Modelling Languages for Process Fragments 

According to Swenson (2013), BPMN is suitable for representing cases in a case 

management system as case-based reasoning. Further, Swenson (2013) explains 

why BPMN should not be used for modelling in the adaptive case management 

(ACM) context, which is also valid for case -based reasoning approaches. End 

users of a case management system, including CBR systems, do not have enough 

knowledge and skills to model or update a BPMN model. Knowledge workers 

can describe the performed activities. Eventually they can describe alternative 

activities as well , but they may struggle with describing the temporal order of 

the alternative activities since the focus is on the current situation. Additionally, 

modifying an existing BPMN diagram, which is modelled by someone else, can 

produce similar difficulties as modifying software source code from someone 

else. Finally, imperativ e languages have been designed to be complete, ensuring 

the whole business process is modelled and not just parts. 

To deal with the mentioned difficulties of BPMN , the OMG has introduced 

CMMN, which is a declarative language. CMMN can be used to model part ially 

structured and not necessarily repeatable business processes, which are not 

necessarily predefined in advance. As shown in Table 6.2, with CMMN , it is not 

Process Fragment (PF) Repository

PF-1 PF-2 PF-3

Figure 6.10: Process Fragment Repository 
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possible to model complex constraints. For instance, it is not possible to specify 

that at least one activity in a model must be executed. Such constraints are needed 

to create cases in the CBR system, which are evolving over time and gaining a 

higher quality a nd completeness. Additionally, the data representation is only 

limited in CMMN. This limitation of data representation leads to limited 

information about the type of data or document being available to the knowledge 

workers as part of the modelled case content. 

Table 6.2: Comparison of Modelling Languages (adapted from Cognini, Hinkelmann and 

Martin  (2016)) 

 BPMN CMMN BPFM 

For BP Modelling Yes Yes Yes 

Language Type Imperative Declarative Declarative 

Deþned Activities 

Flow 

Full In Part In Part 

Complex Constraints Yes No Yes 

Data Representation Yes In Part Yes 

Variants 

Representation 

No No Yes 

To deal with these issues, Cognini, Hinkelmann and Martin (2016) propose the 

use of the Business Process Feature Model notation (BPFM) (Cognini et al., 2015b; 

a) ÈÚɯÈɯÔÖËÌÓÓÐÕÎɯÓÈÕÎÜÈÎÌɯÍÖÙɯÛÏÌɯÊÈÚÌɯÊÖÕÛÌÕÛȭɯ!/%,ɯÕÖÛÈÛÐÖÕɯ×ÌÙÔÐÛÚɯËÌŗÕÐÕÎɯ

business activities without specifying an execution order, and with considering 

complex constraints and different types of data objects. Moreover, BPFM can be 

ÙÌÎÈÙËÌËɯÈÚɯÈɯÊÖÕŗÎÜÙÈÉÓÌɯ×ÙÖÊÌÚÚɯÔÖËÌÓɯÊÖÕÛÈÐÕÐÕÎɯÔÖÙÌɯÛÏÈÕɯÖÕÌɯÝÈÙÐÈÕÛɯ

(variant representation) of process fragments. BPFM notation is explained in the 

next subsection. 
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6.4.2.3 Business Process Feature Model (BPFM) Notation 

 The business process feature 

model (BPFM) consists of a 

tree of related activities 

(Cognini et al., 2015a). As 

depicted in Figure 6.11, the 

root identifies the main 

services, and each internal 

(non-leaf) activity denotes a 

sub-process that can be further 

refined. The external (leaf) activity represents an atomic task. BPFM allows for 

using the same meaning and graphical representation as BPMN 2.0, and for 

defining constraints between activities.  

 

Figure 6.12: Business Process Feature Model Constraints (adapted by Cognini  from Cognini, 

Hinkelmann and Martin (2016)) 

Constraints (see Figure 6.12) are used to express whether child activities can or 

have to be selected in the configuration to be included in the BP variant, and 

whether they can or have to be included in each execution path of the BP variant. 

BPFM, as presented in Cognini, Hinkelmann and Martin (2016), consists of nine 

different constraints. BPFM manages all types of BPMN 2.0 data objects, 

including data object states, with the same modelling not ation. As shown in 

Figure 6.13Ȯɯ!/%,ɯÜÚÌÚɯÛÏÌɯËÈÛÈɯÖÉÑÌÊÛÚɯÛÖɯÙÌ×ÙÌÚÌÕÛɯÛÏÌɯɁÍÓÖÞɂɯÖÍɯÈɯÉÜÚÐÕÌÚÚɯ

process or process fragment. 

Figure 6.11: Exemplary Business Process Feature Model 

(adapted by Cognini from Cognini, Hinkelmann and 

Martin  (2016)) 
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Figure 6.13: Data Object in BPFM (Cognini, Hinkelmann and Martin, 2016)  

The final question of whether BPFM qualifies as a cognitively adequate case 

content language can partially  be answered. Based on an evaluation of Cognini 

(2015), it is possible to conclude that BPFM is regarded as equal to BPMN 

regarding the required abilities of the end users. With the usage of BPFM, 

however, it is possible to model partial process fragments. BPFM-based process 

fragments can be modelled with a subset of modelling elements compared to 

BPMN. Therefore, it is possible to conclude that BPFM-based process fragments 

lead to a lower complexity.  

6.4.2.4 Case Content Model 

The case content model is formalised in the ICEBERG-PE ontology, which 

contains elements for describing the case, the case content description and further 

case items. 

The case content description of the ICEBERG-PE approach consists of at least one 

BPFM-based process fragment that contains experienced knowledge about the 

work that has been done in a previous or current case. The knowledge worker 

can model the current case freely without having strong restrictions or 

limitations. In addition to the present case, the knowledge worker can include 

certain options describing alternative activities or flows. Figure 6.14 shows on the 

left side of the ICEBERG-PE system dialogue an example of a BPFM-modelled 

case content description. 
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Figure 6.14: Case Content Model Elements 

The BPFM modelling language provides the expressiveness to tackle the 

objectives for case content. In addition to the BPFM elements, the following case 

content elements are used to describe case interrelationships: 

¶ Parent: The parent task/case element is used to express a possible sub- 

task/case relationship.  

¶ Child: The child task /case element is the inverse of the parent element. 

¶ Related: This element is used to express that there are related tasks/cases. 

¶ Reused: The reused task/case element is used to list tasks, which have been 

reused in the adaptation phase of the CBR cycle. 

Based on the original notion of CBR, some researchers investigated the 

generalisation and abstraction of cases (Maximini, Maximini and Bergmann, 

2003). The generalisation can reduce the complexity of the cases, increase the 

ŘÌßÐÉÐÓÐÛàɯÈÕËɯÔÐÕÐÔÐÚÌɯÛÏÌɯÚÐáÌɯÖÍɯÛÏÌɯÊÈÚÌɯÉÈÚÌɯÛÖɯÌÕÏÈÕÊÌɯÛÏÌɯÙÌÛÙÐÌÝÈÓɯÌŚÊÐÌÕÊàɯ

(Bergmann and Wilke, 1996). Abstraction differs from generalisation.  According 

to Müller and Bergmann (2015, p.396)ȮɯɁȻȱȼɯÈÉÚÛÙÈÊÛÐÖÕɯȻȱȼɯÞÖÜÓËɯÙÌØÜÐÙÌɯ

ÙÌËÜÊÐÕÎɯÛÏÌɯÖÝÌÙÈÓÓɯÎÙÈÕÜÓÈÙÐÛàɯÖÍɯÞÖÙÒŘÖÞÚɯȹÌȭÎȭɯless tasks and data items) 

Ȼȱȼɂȭ This differentiation is particularly important when implementing an 

automatic algorithm. (ÕɯÊÖÕÛÙÈÚÛȮɯÛÏÌɯÔÈÕÜÈÓɯÎÌÕÌÙÈÛÐÖÕɯÈÕËɯÙÌŗÕÌÔÌÕÛɯÖÍɯ

generalised cases is aimed at this approach. 



6 The Case Model 165 

© University of South Africa 2016 

Figure 6.15 shows how two cases could be 

joined/generalised into a new case content 

description. Figure 6.14 shows the mentioned 

attributes (parent, child, related and reused) as 

relations to the case concept, which can be used to 

build a hierarchical,  relational and generalised case 

structure. Additionally, 

the reused cases (see 

example in Listing 6.1) 

can be kept as a reference 

to the current case 

(reusedCases) . If 

during the execution of 

the case content model 

the model needs to be adapted, the dependency can be made explicit. In contrast, 

standard CBR revises the case model and retains it as a new case. This new case 

is independent of all the other cases and the information that it is a variant of an 

already existing case is lost. Instead of storing a new case, the user can adapt the 

current case content model by adding the case property: parent, child, related or 

reused. The mentioned elements can also be used knowledge to realise the 

generalisation and abstraction of cases. 

Listing 6.1 shows the case content description 

(cbrCaseHasSolutionDescription)  property, which is i mplemented as 

datatype property containing a markup language. This markup -based 

description can be edited by the knowledge worker using an editor and also links 

the modelled BPFM fragment. 

«Case 1»

Characterisation

Content

«Case 2»

Characterisation

Content

Joined / Generalised «Case NEW»

Characterisation

Content

Figure 6.15: Cases Joined/Generalised in a Single BPFM Model 
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Listing 6.1: Exemplary Case Content ɬ Reused Case and Solution Description  

mscbis : MScBISAdmissionCase_B  
  rdf : type mscbis : MScBISAdmissionCase ;  
  cbr : caseItem mscbis : case_item_MScBISAdmissionCase_B_Applicant ;  
  cbr : caseItem mscbis : case_item__CV_Susan_Fisher ;  
  cbr : cbrCaseHasSolutionDescription "<html><body>...</body></html>"  ;  
  cbr : reusedCases mscbis : MScBISAdmissionCase_A ;  
.   

Figure 6.14 and Listing 6.2 shows the ÊÈÚÌɀÚ stakeholders or collaborator s. The 

stakeholders are linked to the Ar chiMEO concept Person , which is inherited 

from BusinessActor , with Applicant , which is inherited from 

BusinessRole . 

Listing 6.2: Exemplary Case Content ɬ Stakeholder 

mscbis : case_item_MScBISAdmissionCase_B_Applicant  
  rdf : type cbr : CaseItem ;  
  cbr : caseItemRepresentedBy mscbis : Susan_Fisher ;  
.  
mscbis : Susan_Fisher  
  rdf : type eo : Person ;  
  eo: personPerformsBusinessRole mscbis : Applicant ;  
  foaf : personHasFamilyName "Fisher"  ;  
  foaf : personHasFirstName "Susan"  ;  
.  
eo: personPerformsBusinessRole  
  rdf : type owl : ObjectProperty ;  
  rdfs : domain eo : Person ;  
  rdfs : range archi : BusinessRole ;  
.   

As shown in Figure 6.14, each case can be described by case items. A case item 

can be any element that has been attached to the case to describe the case content. 

Based on the admission process application scenario, documents and case 

stakeholders are proposed here as case items. The case item document is a 

concept from the FOAF vocabulary, as shown in Listing 6.3. 
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Listing 6.3: Exemplary Case Content ɬ Document 

mscbis : case_item__CV_Susan_Fisher  
  rdf : type cbr : CaseItem ;  
  cbr : caseItemRepresentedBy mscbis : case_document__CV_Susan_Fisher ;  
.  
mscbis : case_document__CV_Susan_Fisher  
  rdf : type foaf : Document ;  
  eo: documentHasSubjectBusinessRole mscbis : Applicant ;  
  cbr : documentHasFilePath "file_repository/"  ;  
  elements : documentHasFormat eo : pdf ;  
  elements : documentHasTitle "CV Susan Fisher"  ;  
  elements : documentHasType eo : PDF ;  
.  
mscbis : Applicant  
  rdf : type cbr : Role ;  
  rdfs : comment "A new MSc BIS applicant"  ;  
  rdfs : label "Applicant"  ;  
.   

3ÏÐÚɯÊÈÚÌɯÊÖÕÛÌÕÛɯÔÖËÌÓÓÐÕÎɯÈ××ÙÖÈÊÏɯÈÓÓÖÞÚɯÈɯŘÌßÐÉÓÌɯÈËÈ×ÛÈÛÐÖÕɯÖÍɯÊÈÚÌÚȭɯ3ÏÌɯ

content model is linked to the ArchiMEO ontology and ensures that the 

enterprise-specific concepts are included. The implementation of the case content 

model is described in Chapter 8 and evaluated using the application scenario in 

Chapter 9. Table 6.3 summarises the realisation of the stated objectives (see 

Section 6.4.1) for the case content model. 

Table 6.3: Case Content Model Objectives and Realisation 

Objectives Realisation 

Process fragments 

(RO-A) 

The process fragments are included using the BPFM modelling language 

as part of the case content description. 

Graphical 

representation 

(RO-B) 

A graphical representation is provided by the inclusion of the BPFM 

modelling notation. It is not restricted to BPFM; any modelling language 

can be used. 

Update 

functionality (RO-

C) 

The update functionality is given by the possibility of creating and updating 

the case content during the CBR cycle. It is even possible to update 

content from already-learned cases through a special feature of the 

prototype, although this is highly controversial. 

Information 

resources (RO-D) 

The information resources are part of the case content and represented 

as document resources. Further information elements can be added using 

the case content description or in the context of the BPFM model. 
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Variants (RO-E) The variants can be modelled in a BPFM-based content description using 

the BPFM constraints. 

Concrete cases 

(RO-F) 

The concrete cases are the usual way to describe the current work or the 

work that has been done in the case content as BPFM-modelled process 

fragments. 

Generalised cases 

(RO-G) 

If required, the knowledge worker can create generalised cases based on 

previous cases using the ontology properties and the BPFM-content 

modelling language as presented. 

6.4.3 Case Characterisation describing Process Knowledge18 

This section introduces the case characterisation that describes the process 

knowledge. As mentioned in Chapter 5, this ICEBERG-PE approach relies on 

ontology -based CBR and uses an underlying ontology (see the ontology structure 

in Chapter 5). The ICEBERG-PE case characterisation is used to describe 

(characterise) the case itself and to assess the similarity between cases using a 

retrieval mechanism and method. The configuration of the retrieval mechanism, 

the similarity model (see Section 7.2), using the case viewpoint model (see Section 

5.4), defines the case characterisation from an implementation/instantiation 

perspective and is described in Chapter 7. 

Section 5.5.4 describes how a CBR approach can be combined with process 

execution. If the CBR system is used as a stand-alone system (see option 1 in 

Section 5.5.4) certain workflow relevant data is needed to replicate a task 

management system. Therefore, the web service human task specification has 

been analysed, and a human task ontology has been extracted. Web services 

human task (WS-HumanTask) is a web service specification (OASIS, 2012) for 

delegating and assigning tasks to human actors. The specification has been 

                                                 

18 Some verbatim passages presented in this following section, which have been achieved related 

to this thesis project, are have been published in the fo llowing co -authored publications 

(Cognini, Hinkelmann and Mart in, 2016; Martin et al., 2016) 
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published as a draft by the OASIS BPEL4People technical committee as an 

extension to the web service business process execution language (WS-BPEL) 

(OASIS, 2007). Figure 6.16 shows the extracted and re-modelled human task 

ontology, which is included in the process execution ontology (see Section 5.4). 

The presented elements are usually used by a workflow engine and the 

corresponding task/work list. This is particularly the case if the CBR system is 

used as an invocable system. As mentioned in Section 5.5.4, this approach is 

demonstrated using a workflow management system. Therefore, only a limited 

set of the human task ontology elements will be used in this instantiation , as 

presented in Chapter 8. 

 

Figure 6.16: Human Task Ontology  

Figure 6.17 shows a partition of an exemplary case characterisation and 

configuration including elements of the process and domain knowledge using 

the ICEBERG-PE ontology structure. Thus, it is possible to enrich the case-based 

reasoning system with domain knowledge, which improves the reflectivity of the 

system and reduces the effort to acquire the vocabulary (Recio-Garía and Díaz-

Agudo, 2007; Gao and Deng, 2010). With the inclusion of an ontology structure 

in a CBR system, it is possible to ɁȻȱȼɯÛÈÒÌɯÈËÝÈÕÛÈÎÌɯÖÍɯÛÏÐÚɯËÖÔÈÐÕɯÒÕÖÞÓÌËÎÌɯ

ÈÕËɯÖÉÛÈÐÕɯÔÖÙÌɯÈÊÊÜÙÈÛÌɯÙÌÚÜÓÛÚɂɯ(Recio-García, Díaz-Agudo and González-

Calero, 2008, p.54). 
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The ICEBERG-PE approach (as an extension of the ICEBERG approach; see 

Chapter 7 and Martin et al. (2016) for details on implementation) provides a wide 

range of similarity functions for retrieval and adaptation. As shown in Figure 

6.17, the case characterisation will be defined at the time the similarity 

configuration of the retrieval mechanism  ɬ the similarity model (see Section 7.2), 

using the case viewpoint model (see Section 5.4) ɬ is created. The vocabulary for 

describing the cases is domain specific and therefore different from one 

application scenario to another. 

 

Figure 6.17: Exemplary Configuration of a Case Characterisation including View 19 

From the application scenario, the case characterisation objectives and the results 

of the task management system KISSmir introduced by Martin et. al. (2010) and 

Brander et. al. (2011a), the following process execution related elements have 

been derived and are required: 

¶ Task objective: The task objective element describes the goal of the task 

itself. This element has some similarities  to the name and/or description of 

a BPMN activity.  

¶ Task role: The task role element is used to describe the role of the person 

involved in the task. Through the inclusion of an enterprise or domain 

                                                 

19 The ontology structure has been simplified, and the corresponding element denotation has been 

abbreviated to fit the figure.  



6 The Case Model 171 

© University of South Africa 2016 

ontology, it i s possible to reuse an existing enterprise-specific 

role/organisational model.  

¶ Task user: The task user elements are used to indicate the person who 

described the case. 

Listing 6.4: Exemplary Case Characterisation ɬ Task Objective 

mscbis : MScBISAdmissionCase_B  
  rdf : type mscbis : MScBISAdmissionCase ;  
  mscbis : mscBISAdmissionCaseIsCharacterizedByTaskObjective 

mscbis : TaskObjective_Eligibility_Check ;  
.  
mscbis : TaskObjective_Eligibility_Check  
  rdf : type po : TaskObjective ;  
  rdfs : label "Eligibility Check" @en ;  
.  
po: TaskObjective  
  rdf : type owl : Class ;  
  rdfs : subClassOf po : ProcessExecutionElements ;  
.   

Listing 6.4 shows an excerpt of an exemplary case characterisation including 

elements from the ICEBERG-PE ontology structure. The listing shows how a case 

(MScBIS - AdmissionCase)  gets characterised by a task objective 

(TaskObjective) . 

The following Table 6.4 summarises the realisation of the stated objectives (see 

Section 6.4.1) for the case content model. 

Table 6.4: Case Characterisation Model Objectives and Realisation 

Objectives Realisation 

Structural (RO-H) The structural case characterisation objective has been covered by the 

inclusion of structural CBR. 

Ontology-based 

(RO-I) 

The case characterisation can be described using elements, concepts and 

relationships from the enterprise ontology ArchiMEO and other ontologies. 

Process execution 

information (RO-J). 

Process execution information is reflected by concepts of the process 

execution and human task ontologies. 
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6.5 Conclusion 

This chapter introduces the case model, which has been derived based on related 

work in conjunction with the admission process application scenario. 

Additionally, this chapter provides a conceptual answer to the following research 

questions, which are showcased by the implementation of the CBR services in the 

next chapter, implementation o f the ICEBERG prototype and evaluation of  the 

triangulated data sources: 

¶ The research of the process execution context (RQ 2.2) laid the basis for the 

case characterisation. The processes execution context, which is enterprise 

context, can be integrated using information derived from an enterprise 

ontology  and with the usage of a vocabulary that is linked  to the same 

enterprise ontology.  

¶ The investigation of complexity and cognitive adequacy builds the 

foundation for answering research question RQ 2.1. Based on the 

complexity investigation, potential case content modelling languages are 

presented. As a result of this investigation, the general procedure model 

(see Section 5.6.1) has been extended as a procedure model for process 

execution (see Section 5.6.2) in a next incremental design science research 

cycle. 

¶ Finally, based on the objectives (RQ 2) for a case model, a case content 

model containing process knowledge is introduced (RQ 2.2). The case 

content model consists of elements from the ICEBERG-PE ontology 

structure and a potential case content modelling language BPFM with an 

acceptable level of complexity (RQ 2.1). 

The next chapter describes the investigation of the CBR services and conceptually 

answers research questions 3, 3.1 and 3.2. 
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7 Case-based Reasoning 

Services 

The case-based reasoning (CBR) services execute in the figurative sense the CBR 

cycle as introduced in Section 2.2. They are the interface between the conceptual 

and model-based investigation of the previous chapters, the ICEBERG-PE 

approach and the case model. The CBR services are presented in this section as a 

conceptual description, the similarity mechanism, and as a technical description.  

This chapter gives an answer to the following research questions stated at the 

beginning of the thesis: 

RQ 3: How can case-based reasoning services support process execution? 

RQ 3.1: How can the similarity between cases for knowledge work be calculated? 

RQ 3.2: How can domain knowledge and contextual information be used for 

retrieval of cases and suggestion or adaptation of case items? 

The chapter starts with an introduction that gives an overview of the service s and 

how they are used. Section 7.2 gives answers to research questions 3.1 and 3.2. 

Sections 7.3 and 7.4 close the CBR cycle and give a further answer to research 

question 3.2. 
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7.1 Introduction 

Figure 7.1 shows the ICEBERG-PE CBR cycle including the functions and abilities 

of the CBR services. The ICEBERG-PE CBR approach, as presented here in this 

thesis, provides the following main CBR cycle functions:  

1. The similarity mechanism uses a new query case to compare the 

characterisations of the cases in the case repository. This comparison or 

similarity evaluation is done automatically. As a result, a similarity value 

is assigned to each potential previous case. 

2. The knowledge worker can adapt the knowledge from the retri eved cases 

to the current case by either adding the information manually or running 

an adaptation mechanism. This adaptation mechanism executes the 

default mechanism of transferring the case content of the retrieved case to 

the current one. This default mechanism can be controlled and modified 

by predefined semantic rules. This combination of manual and rule-based 

adaptation can be regarded as a semi-automatic adaptation. As a result, 

the knowledge worker receives a potential solution, which later can be 

determined to be a solved case. 

3. The knowledge worker can revise the solved case based on the work that 

has been done or the gained insights and finally create a revised case. 

4. The revised case is then ready for retention. The knowledge worker can 

trigger the retention mechanism, and the case will then be added to the 

case repository as a learned case which  is available for the next cycle. 

In the following  section, the retrieval service is amalgamated with the CBR 

similarity, which is the main contribution of the ICEBERG approach (Martin et 

al., 2016) to the ontology -based CBR, the CBR adaptation and finally CBR 

learning.  
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Figure 7.1: ICEBERG Cycle including Service Functions 

7.2 Case Similarity20 

As mentioned previously , retrieval is usually the starting point of the CBR cycle. 

Figure 7.2 shows the cycle of the ICEBERG-PE approach where a new case will 

be stipulated and transferred to a query case. This query case will then be used 

for retrieval (similarity computation) and la ter in the reuse phase (adaptation). 

The retrieval is based on the case characterisation exclusively and not on the case 

content. Therefore, no process model graph similarity  analysis is applied. 

As mentioned in the previous chapter, the characterisations of cases are 

Ìß×ÙÌÚÚÌËɯÉàɯÈɯËÌŗÕÌËɯ×ÈÙÛɯÖÍɯÛÏÌɯÌÕÛÌÙ×ÙÐÚÌɯÈÕËɯËÖÔÈÐÕɯÖÕÛÖÓÖÎàȭɯ3ÏÐÚɯÌß×ÓÐÊÐÛɯ

knowledge is used for the comparison of a query case with learned cases in the 

CBR retrieval phase, as shown in Figure 7.3. In this retrieval phase, the applied 

similarity measures use this explicit knowledge structure to compute the 

similarity among learned cases and query case. 

                                                 

20 Some verbatim passages presented in this following section, which have been achieved in this 

thesis project, have been published in the following own authored  publication  (Martin et al., 

2016; Martin, Emmenegger and Wilke, 2013). 
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Figure 7.2: ICEBERG Cycle including Query Case 

To define the concepts and properties that belong to the case characterisation, 

including the corresponding similarity functions and weights of the concepts and 

properties, the ICEBERG similarity ontology is used, which is based on OWL 

annotations. The ICEBERG similarity ontology can be referred as the similarity 

vocabulary for configuration as known from structural CBR systems. In this way, 

it is possible to configure the similarity model and ultimately th e CBR system 

entirely within an ontology and with concepts and relations from an existing 

ontology. Such an ontology-based similarity approach has the advantage that 

explicit enterprise and domain knowledge can be modelled together with 

similarity measures  and that a standard ontology development environment can 

be used to model the case characterisations. 

The ontology language OWL provides a scheme containing different properties, 

which are used to determine the similarity model configuration. With the 

ICEBERG similarity ontology , it is possible to specify and select similarity 
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measures, functions and weights for annotation, datatype and object properties, 

as well as for classes of the case characterisation. 

As shown in Figure 7.3, either the knowledge worker or the invoking process 

execution system creates a case query based on the configured case 

characterisation structure and elements for the retrieval and ranking of learned 

cases. The query case is compared with all characterisations of the learned cases 

in the case repository. As a result, the similarity service returns a ranked list of 

learned cases assigned with a similarity value between 0 and 1. 

 

Figure 7.3: Query Case Characterisation used for Comparison (adapted from Martin et al. 

(2016)) 

7.2.1 Similarity Computation 

As mentioned previously , the computation of the similarity of cases is the main 

task when applying the CBR method. In the structural ICEBERG approach, the 

instances and relations representing the case characterisations of the learned 

cases and the query case are compared. The similarity measure of the query case 

with each learned case is computed. The similarity measure is a value between 0 

and 1 (see 7.1): 

 ίὭάὧȟὧȡὛ ᴼ πȟρ       ᶅὧȟὧᶰὛ ( 7.1 ) 

The computation of the similarity in the ICEBERG approach is based on the 

global-local principle (Bergmann, 2002). The global similarity measures are 

defined on class level, and the local similarity measures are defined at the 

attribute level. In essence, the primitive attributes of the class instances in the 
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ÚÈÔÌɯÓÌÝÌÓɯÈÙÌɯÊÖÔ×ÈÙÌËɯÉàɯÐÕËÐÝÐËÜÈÓÓàɯËÌŗÕÌËɯÚÐÔÐÓÈÙÐÛàɯÍÜÕÊÛÐÖÕÚȭɯ3ÏÌÕȮɯÛÏÌɯ

global simi larity measure aggregates all local similarity values into one value. As 

an example, the global similarity measure can be computed by aggregating the 

local similarity measures according to a defined aggregation function , as shown 

in 7.2: 

 ίὭάὍȟὍ ὃίὭάὴ ȟὴ ȟȣȟίὭάὴ ȟὴ  ( 7.2 ) 

where ὃ is the aggregation function, Ὅ the query case instance, Ὅ the case 

instance in the case repository where the query case instance is compared and ὴ 

the properties of the instances that are compared. 

All attributes are individually weighted, and primitive  attributes are represented 

by annotation and datatype properties with value types such as Integer or String. 

Object properties represent relational attribut es. Since relational attributes might 

lead to a comparison of multiple referenced instances in the query case as well as 

in th e learned cases, the global similarity function must be used as a set function, 

as proposed in Hefke and Abecker (2006a). The ICEBERG approach contains a 

cosine set function, as found in several frameworks (Recio-García, González-

Calero and Díaz-Agudo, 2014; Hefke and Abecker, 2006a), and a more 

sophisticated similarity function , as commonly used in information retrieval 

(Cohen, Ravikumar and Fienberg, 2003; Witschel et al., 2015). 

Staab (2011) identified two criteria based on which  a similarity measurement 

should be chosen. The first criterion concerns the entity that should be compared. 

Staab (2011) mentioned objects, concepts or ontologies as possible entities. The 

second criterion  is the goal of the assessment. It is the question whether it is a 

numeric similarity or a preference ordering assessment. During the configuration of 

the similarity model, as described in the next section, the mentioned criteria can 

be applied. The ("$!$1&ɯÚÐÔÐÓÈÙÐÛàɯÍÙÈÔÌÞÖÙÒɯÐÚɯŘÌßÐÉÓÌɯÌÕÖÜÎÏɯÛÖɯÉÌɯÌÕÏÈÕÊÌËɯ

with new global and local similarity functions. Besides the global -local similarity 
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knowledge, the object-oriented case characterisation might contain taxonomic 

knowledge, which can be considered in a local similarity measure as well.  

7.2.2 Similarity Configuration 

The similarity model configuration in the ICEBERG approach is done in 

conjunction with the definition of concrete case characterisation dependent on 

the views and viewpoints  (see Section 5.4). Figure 7.4 shows an exemplary 

similarity model configuration where the case viewpoints are omitted for 

simplification.  

 

Figure 7.4: Exemplary Similarity Model Configuration 21 

As mentioned previously,  the similarity model configuration is done in an 

ontology using elements from the similarity ontology. The ICEBERG approach 

and its instantiation provide a basic set of global-local functions. The following 

local similarity functions are currently available:  

¶ Levenshtein: This function is  a recursive field matching algorithm using 

Levenshtein edit -distance (Cunningham, 2009), which is the amount of 

edit operations required  when changing one string into another.  

¶ Equals: Equals is a strict equality of the values comparison. 

                                                 

21 The ontology structure has been simplified, and the corresponding element denotation has been 

abbreviated to fit the figure.  
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¶ Jaro-Winkler:  The Jaro-Winkler  token-matching function, which is not 

based on edit-distance, performs well for short strings (Cohen, Ravikumar 

and Fienberg, 2003). 

¶ SoftTFIDF: This is a TFIDF-based distance metric, which is extended with 

ɁÚÖÍÛɂɯÛÖÒÌÕ-matching (Cohen, Ravikumar and Fienberg, 2003). 

Listing 7.1 shows the mentioned possible local similarity functions ( see 

rdfs:range  element of the owl:ObjectProperty  sim:local -

SimilarityFunction ). This local similarity function with the corresponding 

ÞÌÐÎÏÛɯÊÈÕɯÉÌɯɁÈÛÛÈÊÏÌËɂɯÛÖɯÊÓÈÚÚÌÚɯÈÚɯÈÕÕÖÛÈÛÐÖÕÚɯÛÖɯËÌÍÐÕÌɯwhat is to be 

considered for calculation by  sim:AnnotationPropertySimilarity . If the 

to-be-considered property is a datatype property, the lo cal similarity function 

ÐÕÊÓÜËÐÕÎɯ ÛÏÌɯ ÞÌÐÎÏÛɯ ÊÈÕɯ ÉÌɯ ɁÈÛÛÈÊÏÌËɂɯ ÛÖɯ ×ÙÖ×ÌÙÛÐÌÚɯ ÜÚÐÕÎɯ

sim:DatatypePropertySimilarity . 

Listing 7.1: Local Similarity Functions of the ICEBERG Approach  

sim : localSimilarityFunction  
  rdf : type owl : ObjectProperty ;  
  rdfs : domain [  
      rdf : type owl : Class ;  
      owl : unionOf (  
          sim : AnnotationPropertySimilarity  
          sim : DatatypePropertySimilarity  
        )  ;  
    ]  ;  
  rdfs : range [  
      rdf : type owl : Class ;  
      owl : oneOf (  
          sim : equals  
          sim : levenshtein  
          sim : jaroWinkler  
          sim : softTFIDFJaroWinkler  
        )  ;  
    ]  ;  
  rdfs : subPropertyOf sim : similarityFunction ;  
.   

The following global similarity functions are currently available  in the ICEBERG 

approach: 

¶ Average: The average global similarity function is defined based on the 

weighted arithmetic mean, as shown in 7.3: 
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 ίӶ
В ύ ί

В ύ
 ( 7.3 ) 

where ὲ is the number of characterisation concepts (attributes) 

considered, ύ is the weight of attribute Ὥ and ί is the value of the 

calculated local similarity that ranges between 0 and 1. 

¶ Cosine: The cosine global similarity function is defined as proposed by 

Hefke et al. (2006). 

¶ Probabilistic: The probabilistic global similarity function  by Witschel, 

Martin, Emmenegger and Lutz  (2015)ȮɯÈÚɯËÌŗÕÌËɯÐÕɯ7.4, aggregates local 

simil arities in a more conjunctive way than other functions.  

 ὖὭȿὭ ὖὐȿὐ  ( 7.4 ) 

where ὐ are the set of instances that are linked to instance Ὥ and the 

weights ‌  ÙÌŘÌÊÛɯÛÏÌɯÙÌÓÈÛÐÝÌɯÐÕŘÜÌÕÊÌɯÖÍɯÙÌÓÈÛÐÖÕÚÏÐ×ɯȹÖÙɯÈÛÛÙÐÉÜÛÌȺɯὶ for 

determining the overall similarity.  

Listing 7.2 shows the possible global similarity functions (see rdfs:range  of the 

owl:ObjectProperty  sim:globalSimilarityFunction ). This global 

similarity function  ÞÐÛÏɯ ÛÏÌɯ ÊÖÙÙÌÚ×ÖÕËÐÕÎɯ ÞÌÐÎÏÛɯ ÊÈÕɯ ÉÌɯ ɁÈÛÛÈÊÏÌËɂɯ ÛÖɯ

properties using sim:ObjectPropertySimilarity . This encapsulates the 

global similarity function for object properties and allows for apply ing different 

similarity functions for the aggregation of multiple instances and local similarity 

measures. The root similarity annotation, the  sim:RootCaseClass -

Similarity , marks the start case class of the characterisation tree and 

ɁÈÛÛÈÊÏÌÚɂɯÛÏÌɯÖÝÌÙÈÓÓɯÎÓÖÉÈÓɯÚÐÔÐÓÈÙÐÛàɯÍÜÕÊÛÐÖÕɯËÌÍÐÕÐÛÐÖÕȭ 

Table 7.1 shows an exemplary similarity computation based on the exemplary 

similarity model configuration as shown in Figure 7.4 using the admission 

process application scenario (without real case data for simplification). The 

example contains two learned cases (1 and 2) is a simplified manner and a query 
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case. The computation starts, using the corresponding weights and functions, 

from the leaves and ends at the root with an overall similarity value for each of 

the learned cases. 

Listing 7.2: Global Similarity Functions of the ICEBERG Approach  

sim : globalSimilarityFunction  
  rdf : type owl : ObjectProperty ;  
  rdfs : domain [  
      rdf : type owl : Class ;  
      owl : unionOf (  
          sim : ObjectPropertySimilarity  
          sim : RootCaseClassSimilarity  
        )  ;  
    ]  ;  
  rdfs : range [  
      rdf : type owl : Class ;  
      owl : oneOf (  
          sim : average  
          sim : probabilistic  
          sim : cosine  
        )  ;  
    ]  ;  
  rdfs : subPropertyOf sim : similarityFunction ;  
.   
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Table 7.1: Exemplary Similarity Computation  

 

Class Instance Property Value/ReferenceWeight Function Sim #1 Sim #2 Sim #3

Case

$_queryCase
taskObjective

caseApplication

$case1
taskObjective $case1Task 10,00 average 0,14

0,21
caseApplication $case1App 1,00 average 0,96

$case2
taskObjective $case2Task 10,00 average 1,00

0,92
caseApplication $case2App 1,00 average 0,08

Task

$_queryTask label "Eligibility Check"
$case1Task label "Eligibility History"1,00 levenshtein 0,140,14
$case2Task label "Eligibility Check"1,00 levenshtein 1,001,00

Application

$_queryApp
string "éFHNWé"

toProgramme $_queryPro

$case1App
string "éText FHé"1,00 softTFIDFJW 0,57

0,96
toProgramme $case1Pro 10,00 average 1,00

$case2App
string "éFHSGé"1,00 softTFIDFJW 0,84

0,08
toProgramme $case2Pro 10,00 average 0,00

Programme

$_queryPro label "MSc BIS"
$case1Pro label "MSc BIS" 1,00 equals 1,001,00
$case2Pro label "MSc IM" 1,00 equals 0,000,00
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7.3 Case Adaptation 

The case adaptation is usually the second step of the CBR cycle. Figure 7.2 shows 

the cycle of the ICEBERG-PE approach, where a new case is stipulated and 

transferred to a query case. This query case is used, after the retrieval (similarity 

computation) step, in the reuse phase (adaptation). 

 

Figure 7.5: Adaptation Process in CBR (Leake, 1996) 

Figure 7.5 shows the adaptation process in CBR. This adaptation transforms the 

case content (solution) to the query case (current problem). Using the ICEBERG 

approach, the knowledge worker can adapt the  knowledge from the retrieved 

cases to the current  case by either adding the information manually or running 

the adaptation mechanism. The default behaviour of the ICEBERG approach can 

be regarded as substitution adaptation ( Definition 2.10). The adaptation 

mechanism can be extended in any direction, since the ICEBERG approach 

executes any pre-defined semantic adaptation rule of the current domain and 
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application ontol ogy. Even the default behaviour is a pre-defined rule , as shown 

in Listing 7.3, which can be extended in any direction. 

Listing 7.3: Default ICEBERG Adaptation Rule  

# LEVEL 2 Rule: Copy all case file items from selected source case, 

but exclude replaced or removed items based on a previous rule  

CONSTRUCT {  
    ?newCase cbr : caseItem ?caseFileItem  .  
    ?newCase cbr : reusedCases ?case  .  
}  
WHERE {  
    ?newCase cbr : _automaticAdaptFromCase ?case  .  
    ?case  cbr : caseItem ?caseFileItem  .  
    OPTIONAL {  
        ?newCase cbr : caseItem ?newCaseFileItem  .  
        ?newCaseFileItem  cbr : replacesCaseItemThroughAdaptionRule 

?caseFileItem  .  
    }  .  
    FILTER  (! bound ( ?newCaseFileItem ))  .  
}   

Listing 7.3 shows a default rule behaviour where the rule copies all case file items 

from the retrieved and selected case (defined by the property 

cbr:_automaticAdaptFromCase ) to the current query case, which becomes 

the solved case. The ICEBERG rule adaptation approach uses rule chaining as 

shown in Listing 7.3, where certain case content items are replaced or removed 

based on a previous ly  executed rule, as shown as an example in Listing 7.4. 

Listing 7.4 shows an exemplary adaptation rule based on the admission process 

application scenario. Although this rule concerns stakeholders as case file items, 

it is not restricted to stakeholders only.  Any item of the case content can be 

modified, extended, added or deleted. It is even possible to change the case 

characterisation as well since the case characterisation and content is ontology-

based and can be accessed by a semantic rule, as shown in Listing 7.4. The 

exemplary rule assesses if the previous case is an MSc IM case, if a specific 

stakeholder was responsible and if the current case is an MSc BIS case. Then the 

rule replaces the stakeholder with the responsible person of the MSc BIS 

application process. When applying an adaptation rule, it is important that the 

knowledge worker obtains a reasonable explanation for why something has been 

changed automatically. This explanation can be provided using the 
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cbr:adaptionRuleBasedComment  property, which is  presented in the 

ICEBERG user interface to the knowledge worker. 

Listing 7.4: Exemplary Adaptation Rule  

# LEVEL 1 Rule: The previous case is an MSc IM case, Sarah was 

responsible, and the current case is an MSc BIS case. - > Replace Sarah 

with Neyyer, because he is responsible for MSc BIS.  

CONSTRUCT {  
    ?newCase cbr : caseItem ?newCaseFileItem  .  
    ?newCaseFileItem  cbr : caseItemRepresentedBy mscbis : Neyyer_Admin .  
    ?newCaseFileItem  cbr : replacesCaseItemThroughAdaptionRule 

?caseFileItem .  
    ?newCaseFileItem  cbr : adaptionRuleBasedComment  "The previous case 

is an MSc IM case. However, the current case is an MSc BIS 

case. Therefore, Neyyer is responsible instead of Sarah."  .  
}  
WHERE {  
    ?newCase cbr : _automaticAdaptFromCase ?case  .  
    ?case  mscbis : mscBISAdmissionCaseIsCharacterizedByApplication 

?application  .  
    ?application  mscbis : applicationToProgramme mscbis : MScIMProgramme .  
    ?newCase mscbis : mscBISAdmissionCaseIsCharacterizedByApplication 

?queryApplication  .  
    ?queryApplication  mscbis : appli cationToProgramme 

mscbis : MScBISProgramme .  
    ?case  cbr : caseItem ?caseFileItem  .  
    ?caseFileItem  cbr : caseItemRepresentedBy mscbis : Sarah_Admin .  
    BIND ( URI( CONCAT( "http://ikm -

group.ch/MScBISOntology#case_item_infered_Neyyer_Admin" ))  AS 

?newCaseFileItem )  .  
}   

7.4 Case Evaluation and Learning22 

The case evaluation and learning are usually the final two steps of the CBR cycle 

and are triggered by the knowledge worker itself. The outcome of the previous 

adaptation step is a potentially solved case, as shown in Figure 7.6. This solved 

case will be evaluated and revised by the knowledge worker , leading to a revised 

case. This revised case then can be passed on to the case repository using the 

automatic retention. This retention , by adding the case to the case repository, can 

                                                 

22 The concepts and implementation presented in this section have not been published previously. 

The results in this section have been achieved by S. Emmenegger ([sic!] project researcher) and 

A. Martin (author of this thesis). 
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be regarded as case learning. Finally, the case is ready for the next CBR cycle as 

a learned case. 

Figure 7.6 shows an extended CBR cycle. This ICEBERG cycle extension enables 

the knowledge worker to control the case editing process. Any solved, revised 

and even learned case can be transferred to an editable query case. This case 

transfer means that even a learned case can be edited at a later stage. This CBR 

cycle extension enables extended editing possibilities, as might be used during 

creation and extension of a generalised case (see Section 6.4.2.4). 

 

Figure 7.6: ICEBERG Cycle Extension 

Listing 7.5 shows the possible case states, which are assigned to the cases: 

adaptation, revision and learned. Once a case receives the learned state 

cbr:Learned_CaseState , the case is available for retrieval. Otherwise, the 

case is just stored in the case repository but not available for retrieval. 
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Listing 7.5: ICEBERG Case States 

cbr : CaseState  
  rdf : type owl : Class ;  
  rdfs : label "Case state" @en ;  
  rdfs : subClassOf cbr : Element ;  
.  
cbr : Adaptation_CaseState  
  rdf : type cbr : CaseState ;  
  rdfs : label "Case in adaptation state" @en ;  
.  
cbr : Revision_CaseState  
  rdf : type cbr : CaseState ;  
  rdfs : label "Case in revision state" @en ;  
.  
cbr : Learned_CaseState  
  rdf : type cbr : CaseState ;  
  rdfs : label "Learned case" @en ;  
.   
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7.5 Conclusion 

This chapter introduces the CBR services, which are used to run the ICEBERG-

PE approach. Additionally , this chapter provides a conceptual answer to the 

following research questions, which are showcased by the implementation of the 

ICEBERG prototype and evaluated by the triangulated data sources: 

¶ The case similarity section provides an answer to how the similarity of 

knowledge work can be calculated (RQ 3.1). The introduced similarity 

mechanism uses case characterisation, which characterises the knowledge 

work description.  

¶ The case adaptation sections explain how domain knowledge and 

contextual information are used for retrieval and adaptation (RQ 3.2). 

Through the inclusion of enterprise ontology, the ontology -based 

similarity model and the semantic adaptati on rules, domain knowledge 

and contextual information can be seamlessly integrated. 

¶ Finally, this chapter closes with an innovative approach that allows the 

knowledge worker to control the CBR cycle and enables related or 

generalised case creation. 

The next chapter describes the prototypical implementation of the ICEBERG-PE 

approach and answers research questions 1 and 3. 
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8 Ontology-based CBR and 

Process Execution Prototype 

This chapter provides an answer to the following research questions from a 

profound technical perspective:  

RQ 1: How can case-based reasoning be integrated with process execution? 

RQ 3: How can case-based reasoning services support process execution? 

The chapter starts with a delineation of the prototype environment, which 

consists of third-party software components and tools. Finally, the chapter shows 

the prototypical implementation of the ICEBERG -PE approach as described in 

the previous chapters. 

8.1 Prototype Environment 

The 'prototype environment' is composed of existing and third  party software 

components, which are used to realize the approach and to develop and to embed 

the demonstrative artefact. 

The selection of software components is sustained and grounded on  certain 

constraints. This selection of environmental components affects the entire 

software architecture of the instantiation. To ensure the quality of a software 

architecture Zörner (2012) and Hruschka (2012) suggest relying on certain 

constraints, which are made explicit, based on the arc42 guidelines (Starke and 
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Hruschka, 2011) and template (Starke and Hruschka, 2012) for software 

architecture. These constraints will justify the selection of environmental 

ÊÖÔ×ÖÕÌÕÛÚɯÈÕËɯÍÙÈÔÌɯÛÏÌɯɁÍÙÌÌËÖÔɯÖÍɯËÌÚÐÎÕɯËÌÊÐÚÐÖÕÚɯÖÙɯÛÏÌɯËÌÝÌÓÖpment 

×ÙÖÊÌÚÚɂɯ(Starke and Hruschka, 2012). In the flowing the general  (required and 

optional)  constraints for the selection of environmental components are listed in 

Table 8.1: 

Table 8.1: Constraints for Environmental Software C omponents (SC) 

Constraint Explanation 

SC-1: Source code access 

(recommended) 

To ensure debugging deep capability, component vendors 

should provide full access to source code (preferably open 

source). 

SC-2: License The instantiation of the thesis work must be available for future 

work. Therefore, it is advised that all software components are 

based on a public license (preferably open source). 

In addition to the general constraints for environmental components, the 

following constraints frame software components, which will be 

coupled/integrated  into the environment by library linking or source code 

compiling:  

Table 8.2: Constraints for Environmental an d Coupled Software Components (CSC) 

Constraint Explanation 

CSC-1: JVM based 

(recommended) 

Software components should run on a Java Virtual Machine 

(JVM). 

CSC-2: Java API Software components must provide a Java API to in co-

operating with the CBR component. 

CSC-3: Programming 

language (recommended) 

To ensure maintainability, the source code should be available 

in the Java programming language 



192 8 Ontology-based CBR and Process Execution Prototype 

© University of South Africa 2016 

Besides the general constraints for all environmental software components, 

additional contestants for a workflow  management system are listed in the 

following:  

Table 8.3: Constraints for W orkflow Management System (WMS) 

Constraint Explanation 

WMS-1: BPMN compatibility A potential workflow engine, as part of a workflow 

management system, needs to provide BPMN compatibility 

and native support to reflect the application scenario. 

WMS-2: Execution engine It is advisable that a workflow engine, as part of a workflow 

management system, can execute BPMN process diagrams 

without a manual or semi-automatic conversion into an 

executable representation. 

WMS-3: Task list A workflow management system needs to provide an 

extendable task list to demonstrate the possible user 

involvement when consulting a CBR approach. 

WMS-4: User and groups A user and group management are required to demonstrate a 

different user involvement. 

WMS-5: Instance 

management (recommended) 

To enhance the development process, debugging possibility 

and runtime inspection, a workflow management system 

should provide the inspection of process instances. 

WMS-6: Runtime container A server-based implementation is required to run a workflow 

management system in a multi-user environment. Additionally, 

it is advised that a workflow engine, as part of workflow 

management system, is accessible using an HTTP interface, 

and it provides an HTML based interface. Therefore, a web 

server (servlet container) is required. 

WMS-7: Java EE integration 

(recommended) 

Tt is recommended that a workflow engine runs in a Java EE 

environment to reduce the implementation effort. 
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8.1.1 Workflow Management System: Camunda Engine, Tasklist, Cockpit 

and Admin 

As mentioned before, the decision for choosing a workflow management system 

has been made by qualitative criteria  (certain (boundary ) constraints) from the 

given application scenario and the technical requirements for imple menting the 

introduced approach.  

 

Figure 8.1: Architecture of Camunda BPM 23 

Camunda BPM is an open source workflow management system and a fork of 

the BPM project Activiti . It is mainly driven  by a German consulting and software 

company called Camunda were the name roots. Camunda BPM reflects the 

constraints for a workflow management system, since it is a BPMN-based (WMS-

1) workflow engine (complies WMS -2) and contains a task list (complies WMS-

3), an administration component for the user and  group management (complies 

WMS-4) and a cockpit for runtime process instance inspection (complies WMS-

5). Apart from that, the Camunda engine runs in a servlet based container 

(complies WMS-6) and in a Java EE environment (complies WMS-7). Finally, 

Camunda BPM is JVM based (complies CSC-1), written in Java (complies CSC-3) 

                                                 

23 Retrieved from [16-03-2016]: https://camunda.org/features/ 
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and provides and Java based API (complies CSC-2). The source code is hosted 

and available (complies SC-1) from GitHub 24 based on the Apache license 

(complies SC-2). Figure 8.1 shows the architecture of the whole Camunda BPM 

suite containing the components mentioned before including a modelling 

environment (see Section 8.1.2). 

8.1.2 Workflow Modelling: Camunda Modeler 

The Camunda Modeler (see Figure 8.1) is a modelling tool for ex ecutable BPMN 

process models. It provides certain workflow specific extensions for the 

Camunda engine. Beside the BPMN modelling the tool also can be used for DMN 

modelling and is  licensed under an open source MIT license (complies SC-2) and 

a JavaScript based modelling engine. The code itself is hosted on GitHub 25 

(complies SC-1). 

 

Figure 8.2: Screenshot of the Camunda BPMN Modeler 

                                                 

24 https://github.com/camunda/camunda -bpm-platform  

25 https://github.com/camunda/camunda -modeler 
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8.1.3 Semantic Framework: Jena 

Jena (McBride, 2001) is a semantic web framework developed in Java, which is 

open source, originally developed by the HP Labs and now maintained by the 

Apache Software Foundation. The framework provides an API for creating an 

abstract model from RDF graphs, which can be queried by SPARQL 1.1 queries. 

Additionally, Jena provides partial (not OWL full) OWL reasoning support and 

can be enhanced with external reasoners. The source code is hosted on GitHub 26 

(complies SC-1) and released under an Apache License (complies SC-2). 

8.1.4 Ontology Modelling: TopBraid Composer 

The TopBraid Composer is a modelling environment for ontologies and a 

commercial industry -level product of the TopQuadrant company. The composer 

is closed source and available in three versions (free, standard and maestro). 

Since the modeller is fully W3C compliant and uses Jena (see 8.1.3) for  

maintaining ontology models internally , source code access is not needed ɬ the 

modeller can be exchanged with any other W3C compliant ontology modelling 

environment. The modelling environment is used for the ontology engineering, 

CBR configuration , and data integration.  

8.1.5 Ontology Inferencing: TopBraid SPIN API 

The TopBraid SPIN API is a Java-based software component for executing SPIN 

rules. SPIN is an SPARQL-based rule and constraint notation for W3C Semantic 

Web ontologies, and it is a W3C member submission (Knublauch, Hendler and 

Idehen, 2011). The source code of the SPIN API is distributed  under an Apache 

License (complies SC-2) and available (complies SC-1) from a private repository 27 

of TopQuadrant.  The SPIN API is used by the ICEBERG (see 8.2.1) component in 

the retrieval computation and semi -automatic adaptation tasks. 

                                                 

26 https://github.com/apache/jena  

27 http://topquadrant.com/re pository/spin/  
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8.1.6 Process Fragment Modelling: OMiLAB bpFM Modelling Toolkit 

In Section 6.4.2.3 BPFM is introduced as a possible way to model process 

fragments, which can be used as case content. When modelling process 

fragments, the bpFM modelling toolkit 28 (see Figure 8.3) can be used. This bpFM 

modelling toolkit is an OMiLAB project and affiliated with the University of 

Camerino, and provides the knowledge worker  with  a compliant  way to model 

BPFM based process fragments. 

 

Figure 8.3: Screenshot of the bpFM Modelling Toolkit 29 

8.2 ICEBERG-PE Approach Instantiation 

This section describes the prototypical instantiation of the ICEBERG-PE 

approach of this thesis as a toolkit . 

The integrated case-based reasoning (ICEBERG) toolkit is the core CBR 

instantiation of the described approach in this thesis. It has been developed by 

the author of this thesis and researchers of the applied research project [sic!] 

                                                 

28 http://austria.omilab.org/psm/content/bpfm  

29 http://austria.omilab.org/psm/content/bpfm/info?view=details  
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based on the conceptual foundations of this thesis. The 

demonstrator has been named as ICEBERG toolkit, 

branded using a logo as shown in Figure 8.4, and part of 

the source code has been made publicly available 30 and 

licensed under the Apache License Version 2.0. 

The system architecture in Figure 8.5 depicts the 

ICEBERG and related components of this instantiation. 

After the conceptual architectural description, two technical deployment 

descriptions, one deployment diagram of the ICEBERG toolkit and one 

deployment diagram of the process execution extension (ICEBERG-PE), are 

provided. The ICEBERG-PE toolkit  is an extension to the ICEBERG toolkit for 

process execution. 

The ICEBERG toolkit  is structured on four  layers: data, persistence, business and 

presentation. The data layer consists of the ICEBERG triple store and a logical 

representation of the file system. 

¶ File repository: The file repository  element is a logical representation of a 

server filesystem, which manages and maintains the document case items, 

the modelled process fragments and the process models of the overall 

workflow (process execution). The documents and the process fragments 

can be attached to a case using the ICEBERG GUI (graphical user interface) 

and finally persisted in  the file repository. The process models can be 

created using a process modeller and stored directly in the file  repository. 

These process models are available for process execution in the process 

engine. 

                                                 

30 https://bitbucket.org/account/user/ikmgroup/projects/ICEBERG  

Figure 8.4: ICEBERG 

Toolkit Logo  
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Figure 8.5: ICEBERG-PE System Architecture 

Persistence

Presentation

Business

Data

ICEBERG Repository (Fuseki)

Ontology & Case Repository

- Similarity Ontology - CBR Ontology

- Process Execution Ontology - ArchiMEO

- Domain Ontology - Application Ontology

Ontology IDE 

(TopBraid 

Composer)

File Repository

- Documents

- Process Fragments

- Process Models

Process 

Modeller 

(Camunda 

Modeller)

ICEBERG GUI (JavaFX)

Case Management UI (JavaFX based)

CBR-Cycle Support (ICEBERG)

Client Presentation Model

(OpenDolphin based)

ICEBERG

Persistence

ICEBERG-PE GUI

(HTML /  JavaScript)

Forms

(Camunda BPM based)

Task-List (Camunda BPM)

Ontology Access (Jena based) File Access

Knowledge

Worker

Knowledge

Worker
Ontology

Engineer

Ontology

Engineer
Process

Engineer

Process

Engineer

Process 

Fragment 

Modeller

(OMiLAB 

bpFM 

Modelling 

Toolkit)

ICEBERG Core

Server Presentation Model (OpenDolphin based)

ICEBERG-PE BPM

Process Engine (Camunda BPM)

CBR-Cycle Services (ICEBERG)

Retrieval Adaptation
Revision & 

Retention
CBR-PE Services (ICEBERG-PE)



8 Ontology-based CBR and Process Execution Prototype 199 

© University of South Africa 2016 

¶ ICEBERG repository: The ICEBERG repository contains the ICEBERG 

ontology including the cases of the CBR system and is an instantiation of 

the Apache Jena Fuseki triplestore  and SPARQL endpoint server. 

However, the ICEBERG repository is not restricted to the Fuseki31 

implementation. Any semantic graph database with an Apache Jena 

interface can be used instead. Since the case model of the ICEBERG 

approach is entirely ontology -based, all case data is stored in the triple 

store, except the document files and a graphical representation of the 

process fragments, which are stored in the file  repository.  

The persistence layer consists of a logical ICEBERG persistence component, 

which can be assessed from the ICEBERG core and ICEBERG-PE BPM 

components. 

¶ ICEBERG Persistence: The ICEBERG persistence component ensures the 

ontology and file access. The ontology access is based on Apache Jena and 

used to access the ICEBERG repository. The fil e access element acts as a 

data access object component, which ensures the file access from the file  

repository. Moreover, the file access component is used to load and 

transfer the executable process models to the process engine. 

The business layer consists of the ICEBERG core and the ICEBERG-PE BPM 

components. This business (logic) layer is an execution element of the CBR 

methodology using a programmatic implementation.  

¶ ICEBERG Core: The ICEBERG core component encapsulates the core 

implementation of a complete CBR cycle. The CBR- cycle services build 

the heart of the ICEBERG core. These CBR-cycle services contain a 

retrieval component for the similarity computation of the cases. The 

adaptation component executes the semantic rules (SPIN rules) during 

                                                 

31 https://jena.apache.org/documentation/fuseki2/  
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case adaptation. Finally, the revision and retention component supports 

the final life cycle steps of the cases. The server presentation model is the 

server part of a shared presentation model, which contains loaded and the 

to be transferred case data. This server presentation model is based on 

OpenDolphin 32, which is a remoting framework.  

¶ ICEBERG-PE BPM: The ICEBERG-PE bpm component  is the process 

execution element of this CBR approach. The CBR-PE services can access 

the CBR-Cycle services from the ICEBERG core component. This access is 

realised by interfaces between the CBR components retrieval and 

retention, and the process execution engine. The interface is implemented  

using contexts and dependency injection (CDI), which allows the injection 

of workflow data to a service that invokes the CBR -Cycle services. The 

process engine executes an executable process model. This process engine 

is based on Camunda BPM and executes BPMN, CMMN and DMN 

models. The process engine can invoke  the CBR-PE services using CDI . 

The invocation can be described in an executable BPMN or CMMN model 

using services tasks or other elements (listener based). 

The presentation layer consists of the ICEBERG GUI and ICEBERG-PE GUI  

elements as well as of third party software. These presentation layer components 

provide to the knowledge worker, the ontology engineer and the process 

engineer various interfaces for their work.  

¶ ICEBERG GUI: The ICEBERG GUI is the user interface of this prototype , 

which is based on the JavaFX user interface framework. The knowledge 

work er can access the cases using the case management UI, which is also 

written using the JavaFX user interface framework. The knowledge 

worker can retrieve, reuse, revise and retain cases within the case 

                                                 

32 http://open -dolphin .org 
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management UI in conjunction with the CBR-cycle support component. 

This CBR-cycle support component performs the retrieve, reuse, revise 

and retain phases from the user interface perspective. Finally, the client 

presentation model is the counterpart of the server presentation model 

mentioned before. 

¶ ICEBERG-PE GUI: The ICEBERG-PE GUI is the user interface to the 

process execution engine for the knowledge worker. This user interface is 

HTML and JavaScript based and is maintained by the process engineer. 

The ICEBERG-PE GUI consists of web forms and a workflow task list, both 

based on the Camunda BPM. The web forms provide the knowledge 

worker an interface for assessing and manipulating workflow data. While 

the task list provides th e knowledge worker  with  an overview over the 

tasks, which need to be done. 

¶ Process Modeller: The process modeller is a third -party  component from 

Camunda for creating BPMN, CMMN and DMN models by the process 

engineer. The created models will be stored directly in the file system. 

¶ Ontology IDE: The ontology IDE is a development environment for 

maintaining and creating ontologies. The knowledge worker configures 

the case model and maintains the domain and application ontology with 

the help of the ontology engineer. The ontology IDE is also a third -party  

application, the TopBraid composer. The ontology IDE can access the 

ontologies from the ICEBERG repository . 

¶ Process Fragment Modeller: The process fragment modeller is a third -

party application, which is used for creating BPFM based process 

fragments in an integrated environment. This process fragment modeller 

is an instantiation of the OMiLAB bpFM modelling toolkit, which is used 

by the knowledge worker. The knowledge worker can freely create new 
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BPFM models and assign these models to a case as case content in the case 

management UI. 

8.2.1 Integrated Case-based Reasoning (ICEBERG) Toolkit 

In the following, the implementation and technical structure is depicted based 

the UML deployment diagram as shown in  Figure 8.6. The ICEBERG deployment 

diagram consists of artefacts, execution environments and one component. The 

artefacts are named with a .war (Web Application Archi ve) or .jar (Java Archive) 

extension. These extensions are a technical definition expressing that such an 

element is an archive, which contains Java class libraries. For an adequate 

illustration and description, the artefact names might be slightly differe nt to the 

ones used in the source code. Moreover, some artefacts are grouped into one 

artefact for an adequate illustration and description as well. The ICEBERG toolkit 

consists of the three execution environments: repository, server and GUI. The 

execution environment is a node element representing software on a device that 

executes software code of the corresponding artefacts. 

The ICEBERG repository is running on an Apache Tomcat servlet and web 

container (broadly speaking a web server). This ICEBERG repository is the 

implementation of the ontology and case repository as introduced before 

containing the ontology schema and instances, and the learned cases including 

the cases, which are currently in process. 

¶ ICEBERG Ontology Triplestore: The ICEBERG ontology triplestore 

artefact is a web archive containing the ICEBERG ontology structure and 

imports the Apache Jena Fuseki library (third -party). As mentioned before 

the ICEBERG toolkit can run using any triplestore that consists of a Jena 

interface. In this case, ICEBERG ontology triplestore artefact can be 

deployed on any servlet container. This triplestore artefact can be 

extended with the TopBraid SPIN API and further CBR mechanisms in 

case server load balancing is required. 
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The ICEBERG server is running on an Apache Tomcat servlet and web container 

as well. This ICEBERG server consists of the following own (not third -party 

imported) artefacts, and one emphasised component: 

¶ CBR Core: The CBR core artefact is the main artefact of the whole toolkit 

and contains all the source code for execution the similarity computation, 

adaptation rule execution, case lifecycle and viewpoint management. 

Since this ICEBERG approach is entirely ontology-based, the CBR core 

element requires an ontology manipulation framework, which  is, in this 

case, the Apache Jena (imported third -party artefact) framework for 

building Semantic Web applications. TopBraid SPIN API is an additional 

imported third -party artefact, which enables the CBR core element to 

execute semantic rules written in the SPARQL Inferencing Notation 

(SPIN). These semantic rules are used during semi-automatic case 

adaptation and as a preparation for similarity computation. The 

emphasised ICEBERG ontology TTL I/O component is depicted as an 

alternative to the ICEBERG repository during ontology engineering. 

Through this component, it is possible to store and access the ontology 

schema and instances using TTL (Turtle: Terse RDF Triple Language) files. 

This TTL file access allows a simplified ontology engineering and a 

concurrent ontology version control.  

¶ CBR Core Service: The CBR core service artefact encapsulates the CBR core 

artefact as a service and provides an accessible interface. Moreover, the 

CBR core service artefact provides serializable value objects (VO), 

sometimes called data transfer objects (DTO), representing the complex 

ICEBERG case data and schema structure. 
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Figure 8.6: ICEBERG Deployment Diagram 
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¶ ICEBERG Server: The ICEBERG server artefact imports the CBR core 

service artefact and acts as server part for the corresponding ICEBERG 

GUI. Moreover, the ICEBERG server artefact contains server controller 

actions, which are triggered by commands mainly fr om the ICEBERG 

GUI. The server artefact implements the server presentation model 

(OpenDolphin based), which is a self-contained model that contains the 

data, states and actions of the user interface on the server side. 

¶ ICEBERG Shared: The ICEBERG shared artefact exists on the server as 

well as the GUI instantiation. On the server side, it is imported by the 

ICEBERG server and provides classes and configuration files, which is 

used for sharing knowledge and definitions between client and server.  

¶ ICEBERG Server APP: The ICEBERG server app exposes an application 

servlet from the ICEBERG server artefact using an Apache Weld servlet 

listener. The whole ICEBERG server app (war file package) including 

Apache Weld can then be deployed on an Apache Tomcat acting as the 

ICEBERG server. This ICEBERG server app can then be accessed from the 

ICEBERG GUI over HTTP(S). 

The ICEBERG GUI runs on any device with a JRE (Java Standard Edition 

Runtime Environment) execution environment and consists of the client and the 

shared artefact. 

¶ ICEBERG client: The ICEBERG client artefact contains the graphical user 

interface of the ICEBERG toolkit. This user interface provides to the 

knowledge worker the possibility to manage the cases and access all CBR 

cycle functionalities. The ICEBERG client artefact uses the ICEBERG 

shared artefact for knowledge exchange between client and server as 

mentioned before. Moreover, the ICEBERG client is developed using the 

JavaFX framework for rich internet applications (RIAs) and is built  as a 
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single-click executable fat JAR (a JAR artefact containing all required 

classes to execute). 

8.2.2 ICEBERG for Process Execution (PE) Toolkit 

The ICEBERG toolkit, as it is designed and conceptualised based on this thesis 

and related research work (see Section 4.1 and Section 9.4.1), can be applied and 

reused in different uses cases. The ICEBERG-PE toolkit  is an extension to the 

ICEBERG toolkit for process execution. In the following, the implementation and 

technical structure of the ICEBERG-PE toolkit is described based on the UML 

deployment diagram as shown in Figure 8.7. This section contains a description 

of artefacts, which are new or modified compared to the ICEBERG toolkit (see 

Section 8.2.1 for a description of the equivalent artefacts). 

The ICEBERG-PE toolkit consists of the four execution environments: repository, 

core, BPM and GUI. The ICEBERG-PE server core accesses the ICEBERG 

repository to create and modify cases in the case repository and accesses the 

ICEBERG ontology including schema and instances. The ICEBERG-PE server 

core is running on an Apache WildFly application server (a web server where the 

Java EE application framework and further server management tools are 

provided ). Unlike the ICEBERG-Toolkit, the ICEBERG-PE server core execution 

environment consists of the ICEBERG-PE core artefact. 

¶ ICEBERG-PE Core: The ICEBERG-PE core artefact exposes an application 

servlet from the ICEBERG server artefact. Moreover, the ICEBERG-PE 

core artefact imports the CBR core service artefact and exposes the service 

interfaces specifically for the process execution. This separated structure 

allows fine -grained services and autonomous modules running in their 

own context, without losing the stateful, stateless or singleton EJB 

capability  and transaction management. The invocation can be done based 

on JNDI API lookups, using a Web service implementation or any other 

application server specific remoting implementation on the client side.  
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The ICEBERG-PE server BPM is running on an Apache WildFly application 

server with a bootstrapped Camunda BPM instantiation. This bootstrapping is 

depicted using the abstract Camunda BPM artefact. In fact, the Apache WildFly 

Camunda BPM bootstrapping requires several configuration steps but enables 

the Camunda tool stack like a task-list, the underlying process execution engine 

or further process execution management tools (see Section 8.1.1). As mentioned, 

the ICEBERG-PE approach is not restricted to Camunda BPM - it is just a possible 

implementation of a process execution environment. Nevertheless, the 

ICEBERG-PE BPM artefact of the ICEBERG-PE server BPM is specific to 

Camunda BPM. 

¶ ICEBERG-PE BPM: The ICEBERG-PE BPM artefact uses the CBR core 

service artefact (relation not shown in Figure 8.7) and the Camunda API 

(third -party) as an import for providing the following features. The 

ICEBERG-PE BPM artefact provides HTML/JavaScript-based user task 

forms. Further, ICEBERG-PE BPM artefact provides an EJB client 

implementation to access the ICEBERG-PE server core with the CBR 

functionality. Moreover, ICEBERG -PE BPM artefact provides CDI 

managed services, which can be invoked from BPMN service tasks or any 

Camunda listener defined in a BPMN or CMMN model. The task forms 

and the CDI managed services are specific to an application scenario and 

the corresponding business process. 

The knowledge workers can interact with the ICEBERG-PE toolkit using a web 

browser showing an HTML/JavaScript-based interface to a process execution 

instantiation. The task forms contain workflow specific data, process execution 

and case data that are provided  from the ICEBERG repository. The knowledge 

worker can use the ICEBERG GUI to access the same case data but with the 

extension of all the ICEBERG CBR-specific functionalities.  
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Figure 8.7: ICEBERG-PE Deployment Diagram  
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8.3 Conclusion 

This chapter introduces the ICEBERG and ICEBERG-PR toolkit, which act as an 

instantiation and demonstrator of the ICEBERG-PE approach. Moreover, this 

chapter provides a profound technical description of the prototype. Besides, this 

chapter provides  an answer from a technical perspective to the following 

research questions, which are showcased and evaluated by the triangulated data 

sources in the evaluation chapter next. 

¶ The CBR-Cycle and the CBR-PE services show how CBR can support the 

process execution (RQ 3) from a technical perspective, although this is 

further evaluated and showcased in the evaluation chapter next. 

¶ Finally, it is possible to conclude that the ICEBERG-PE server and the GUI 

provide an integration of CBR and process execution (RQ 1). 

The next chapter describes the overall evaluation of the ICEBERG-PE approach 

and the prototype as described in this chapter. 



210 9 Evaluation 

© University of South Africa 2016 

9 Evaluation 

This chapter concerns the evaluation of the introduced ICEBERG-PE approach 

and the corresponding instanti ation. The chapter starts with a brief description 

of the data sources for this evaluation and is followed by the summative 

evaluation based on the ICEBERG-PE procedure model and a showcased 

example using the ICEBERG-PE instantiation. Finally, the evaluati on chapter 

contains a confirmatory evaluation using two related contexts. Based on this 

evaluation , the answers (suggestion) to the research questions of this thesis is 

confirmed and concluded in the Chapter 10. 

9.1 Data Source for Evaluation 

To ensure the validity of the evaluation, 

evaluation data source triangulation 

has been applied . The data source 

triangulation of the ICEBERG-

PE approach, instantiation and 

procedure model , as shown 

in Figure 9.1, is ensured by 

methods (method 

triangulat ion; 

demonstration and qualitative interviews), data sources (source triangulation) 

Summative Evaluation 
(Primary Data)with ICEBERG-

PE Application Scenario

Confirmatory Evaluation 
(First-hand Secondary Data)
with Results from Learn Pad 

Research Project

Confirmatory Evaluation 
(First-hand Secondary Data)

with Results from [sic!] 
Research Project

Method 
triangulation

Source 
triangulation

Analyst 
triangulation

Theory 
triangulation

Figure 9.1: Evaluation Data Triangulation  
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and analysis (analyst triangulation; apart from myself, other research project 

members supported the analysis). 

The first and most comprehensive evaluation data source is the summative 

evaluation based on the ICEBERG-PE procedure model and a showcased 

example using the ICEBERG-PE instantiation, followed by two confirmatory 

first -hand secondary evaluation data sources. ɁFirst-handɂ means that the results 

are gathered by the author of this thesis within a project team. Yet this data is 

considered to be secondary data because it was gathered in a different research 

project with a similar application scenario. The confirmatory evaluation results 

are coming from the [sic!] research project and the EU research project Learn 

PAd. This confirmatory evaluation provides additional evidence and 

confirmation of the validity of the ICEBERG approach itself , as well as confirms 

that the ICEBERG approach is generalised and transferable to other contexts. 

9.2 Summative Evaluation of Procedure Model 

This summative evaluation section is based on the ICEBERG-PE procedure 

model and is showcased using the admission process application scenario. This 

procedure model based evaluation  and demonstration starts with step 8, the 

domain/application ontology, of the ICEBERG -PE procedure model. The 

previous steps are described in the application scenario and the previous 

chapters. 

9.2.1 Domain / Application Ontology 

The first step in this evaluati on setting is the creation of the domain and 

application ontology. This ontology has been derived from the application 

scenario, the admission process. This domain/application ontology creation is 

done with stakeholder involvement , as suggested in the procedure model. Figure 

9.3 shows a visualisation of the domain/application ontology of the admission 

process setting called "MSc BIS Ontology". The visualisation only contains 
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elements, concepts and properties from the "mscbis" namespace, for readability 

purposes. The "MSc BIS Ontology" imports elements from the ArchiMEO 

ontology as well, such as elements from the "eo" (Enterprise Ontology), "top" 

(Top Level Ontology) and "archi" (ArchiMate) namespaces. The appendix 

Listing -Appx 1 contains the complete "MSc BIS Ontology", including its relations 

to the ArchiMEO ontology.  The "MSc BIS Ontology" is interlinked with the 

ArchiMEO ontology and contains elements for describing the admission process 

scenario, such as the application and the applicant, which may have an academic 

qualification and further personal data. Further, the academic qual ification may 

be documented based on a certain bachelor degree, which has been awarded by 

a university with a certain rating. Such an application ontology can exist 

independent from an ICEBERG-based setting. The application ontology and the 

ArchiMEO elemen ts represent the enterprise ontology of admission process 

entity (the MSc BIS programme) and serve as the basis for the case-based 

reasoning characterisation vocabulary. The enterprise ontology does not define 

the case characterisation, content and model itself. This case model definition will 

be done by annotating selected elements (classes and properties) of the 

underlying enterprise ontology as described in the next section.  

9.2.2 Similarity and Adaptation Model 

The characterisation is defined by configuring t he similarity model. This 

configuration can be done by annotating the properties and classes as described 

in Section 7.2.2. This configuration can be done using the similarity ontology of 

the ICEBERG approach in conjunction with an ontology engineering editor , as 

shown in Figure 9.2. The configuration reflects the viewpoint model  as described 

in Section 5.4, which means that each similarity configuration belongs to a certain 

case view, concern and, finally , role. Figure 9.4 shows a visualisation of the case 

model containing the initial case characterisation elements (depicted by the "case 

is characterised by" properties rooting from the admission case) and imported 
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elements from the MSc BIS ontology. Listing -Appx 2 represents the case model 

itself, which only contains a few elements , such as the case definition itself (line 

24 to 31), the case file items (line 40 to 44), the concerns (line 87 to 96), the initial 

case characterisation elements (line 45 to 62) and finally the process execution 

elements (line 32 to 39). As mentioned previously , the configuration is then done 

using the viewpoint model.  Figure 9.5 visualises a fragment of the MSc BIS case 

similarity model configuration , as completely represented in Listing -Appx 3. 

This exemplary similarity model configuration reflects two viewpoints 

(eligibility and admission process view). The eligibility view is framing the vi ew 

for the interview team and its task for verifying the eligibility of a prospective 

student. The admission process view considers the need of the study assistant to 

have an overview of the whole admission process since he or she is involved in 

the entire process. Figure 9.5 shows how the configuration can be done by 

annotating similarity values , such as functions and weights, to properties or 

classes. 

 

Figure 9.2: Similarity Model Configuration using an Ontology Engineering Editor (such as the 

TopBraid Composer) 
















































































































































































































