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Abstract 

One of the tools used during re-engineering of an environment is the process model as modelling 

tool. The identification of process models within an institution is a difficult and tedious task. A 

problem is that often process model structures is identified for one specific project and not 

stored for future reuse. The ideal for institutions is to reuse process model structures within the 

institution. This study focused on the generic structures within the higher education application 

domain where the hypothesis for this study was that a generic educational process model 

structure for higher education institutions can be established; a process management flow 

procedure can be used to manage the flow within an educational process model; and that an 

educational process model can be stored and reused in re-engineering efforts.  

The study was divided into three research questions, where the first focused on the identification 

of generic process model structures, the second on the usability of the process model structures 

within a re-engineering effort, and the last on the preservation of a process model structure.  

For the first research question, the identification of process model structures, three institutions 

were used for data collection. It was necessary to develop a requirements elicitation procedure 

for data collection. The structure derived was confirmed at a fourth institution. For the second 

research question, which focuses on the usability of process model structures, an ordinal 

measurement was defined to measure the usefulness of the process model structures in a re-

engineering effort. A re-engineering procedure was developed for re-engineering the application 

domain, called the process management flow procedure, and used for a re-engineering effort at 

one institution. Lastly, for the third research question the preservation of the process model 

structures, the abstraction of the process model structure was investigated as well as the 

feasibility of implementing the process model structures physically using existing repository 

software.  

The conclusion after the investigation of the three research questions was that the hypothesis 

was confirmed that there is indeed a set of process model structures within the higher education 

institution that are generic, preservable and reusable in a re-engineering effort.  

Key words: Process model repository, higher education re-engineering, higher education 

process innovation, process models, process modelling, generic process models, reusable 

process models, process model structures, generic higher education process models, preservation 

of process model structures. 
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Preface – Notes on Writing Style 

Scientists use different styles in presenting the thesis as a trustworthy document to the reader. 

For many years the preferred style was very formal where the researcher wrote the thesis in the 

third person passive voice and refrained from referring to him or herself as ‘I’. In recent years 

some researchers have preferred a more informal approach where the work is scientificically 

sound but the tone is fairly informal. In this thesis, I adopted an informal approach and ask the 

reader not to confuse a more relaxed writing style with inexactness.  

As regards references to people, when referring to a specific person, the applicable gender was 

used. But in general, ‘he’ includes ‘he or she’, ‘him’ refers to ‘him or her’, and ‘his’ refers to 

‘his or hers’. 

With regard to the naming conventions for the institutions used in data-gathering, the institutions 

referred to include the University of South Africa, the University of Pretoria, Technikon Pretoria 

and the University of the Freestate. As a result of the merging of different institutions in South 

Africa, the name of Technikon Pretoria changed to Tshwane University of Technology. At the 

time of data-gathering the Technikon was known as Technikon Pretoria and I will use it in this 

study. 

With regard to the referencing style for naming the processes, capitalization is used to refer to a 

process on the highest level of the process model structure (e.g. REGISTRATION). On the 

second level, subprocesses are written in italics with the first letters of each word in the process 

name capitalized (e.g. Application Process). For lower levels the subprocesses are written in 

italics with only the first letter capitalized. 

A compact disk (CD) is included with the thesis that contains the Appendices and the articles 

published during the study. 
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11..  IInnttrroodduuccttiioonn  

1.1 INTRODUCTION 

This thesis focuses on the identification and preservation of process model structures for a class 

of structures in the education domain. The class of structures I shall be concerned with, falls 

within the ‘higher education institution’ (HEI) domain.   

This study resides within the computer science and information systems discipline, but is multi-

disciplinary in nature, addressing issues from software (method) engineering and process re-

engineering applied to the educational domain.  

Software engineering is ‘the establishment and use of sound engineering principles in order to 

obtain economically viable software that is reliable and works efficiently on real machines’ 

(Pressman, 2005:53). Process re-engineering (or process innovation) focuses on the functional 

view of the business where the process is discussed in terms of its activities (subprocesses) and 

the flows between the activities (Curtis, Kellner & Over, 1992). The core of process re-

engineering is the process to be re-engineered (Hammer, 1990; Davenport, 1993). In re-

engineering procedures, the identification of the process is described as one of the main 

activities. The re-engineering team uses different tools and techniques to describe the processes 

within the organization (Davenport, 1993; Hammer & Champy, 1993). One of the major tools 

used is the process model, which gives a graphic overview of the processes and the relationships 

between the processes (Curtis et al., 1992). This thesis focuses on the use of process models as a 

tool during process innovation or process re-engineering in the HEI domain. 

‘Higher education’ (HE) in the South African context means all learning programmes leading to 

qualifications higher than Grade 12, or its equivalent, in terms of the National Qualifications 

Framework, as contemplated in the South African Qualifications Authority Act, 1995 (Act No. 

58, 1995), and includes tertiary education as contemplated in Schedule 4 of the Constitution 

(Higher Education Act 101, 1997).  A ‘higher education institution’ means any institution that 

provides higher education on a full-time, part-time or distance basis and which is established, or 

deemed to be established, as a public higher education institution under this Act; declared as a 
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public higher education institution under this Act; or registered, or conditionally registered, as a 

private higher education institution under this Act. 

My hypothesis is that a generic educational process model structure for higher education 

institutions can be established; a process management flow procedure can be used to manage 

the flow within an educational process model; and that an educational process model can be 

stored and reused in re-engineering efforts.  

The background to the research problem is given in Chapter 1, section 1.2, followed by the 

problem statement and purpose of the study in section 1.3. The three research questions that 

drive the study are defined in section 1.4 with some comments on the rationale from a personal, 

organizational and scientific perspective in section 1.5. The scope and potential contribution are 

discussed in sections 1.6 and 1.7 respectively. In section 1.8, an overview is given of the 

research method, with a summary of the research design in section 1.9. The Chapter concludes 

with a discussion on the thesis layout in section 1.10. 

1.2 BACKGROUND 

In the early 1990s process re-engineering was widely used in different application domains to 

change the way that organizations were doing business. Some success stories were recorded, but 

a number of failures tempered the process re-engineering wave in the mid-nineties (Davenport, 

1995a). However, the tremendous growth of the Internet and the World Wide Web (WWW) 

stimulated new interest in the procedures and methods available to rethink the current processes 

and to introduce technological changes into the organization (Kalakota & Robinson, 1999; 

Hollander, Denna & Cherrington, 2000). In the HEI application domain, the way that 

educational institutions was ‘doing business’ was considered, and tools and techniques were 

introduced to manage technological changes during re-engineering (Allen & Fifield, 1999; 

Oblinger & Katz, 1999; Bates, 2000; Katz & Oblinger, 2000). The procedures used in both 

application domains employ process re-engineering methods available from the business 

application domain (Teng, Jeong & Grover, 1998; Carnevale, Berestka & Morrissey, 1999). 

One of the reasons why HEIs are careful to introduce process re-engineering projects into the 

HEI application domain is the cost associated with the transformation. According to Spcier and 

DeBlois (2004), the funding of Information Technology (IT) projects is still the most important 

issue in strategic planning.  
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One way of reducing costs is to introduce the concept of reusability. Firesmith and Eykholt 

(1995:395) define reuse as the ‘use of some pre-existing product (e.g. existing requirements, 

design, code, etc.)’. In programming languages, the reuse of program code is an innovative way 

of reducing costs, which not only reduces the cost of development, but also increases reliability 

and the effective use of specialists, and enforces standards (Sommerville, 2000). A function or 

piece of code developed for one application is stored and made available for reuse by 

programmers as part of other program developments. In the re-engineering of the application 

domain, researchers at the Massachusetts Institute of Technology (MIT) grasped the value of 

this concept and introduced it into the building of process repositories for the business 

application domain (Malone et al., 1999a). MIT developed the abstract representation of the 

process repository in the early 1990s in the form of a Compass Explorer and in the mid 1990s 

commercialized the Phios software used for data access and manipulation of the process model 

structures (Phios, 1999) (discussed in more detail in section 2.5). 

During the reuse of something such as an object or a process, the classification or identification 

of the generic concepts is a consideration (Malone, Crowston & Herman, 2003). In object-

orientation, classification is used to group or generalize concepts that naturally belong together. 

For example, a truck and a car both belong to a group called ‘vehicle’. Classification is used to 

reduce the number of components in the library or repository where the components are 

preserved.  

As far as this study is concerned, I support the notion of Sanchez (1993) that there is a danger 

inherent in the generalization of the organizational taxonomy based on a diverse sample of 

organizations, and that the researcher should rather take one specific kind of organization and 

investigate its nature. Therefore, instead of focusing on the whole of the National Educational 

system in South Africa, the scope of this study is limited to the classification and preservation of 

the process model structures in the HEI application domain only. The HEI structure differs from 

other available structures in South Africa, for example the pre-primary educational system, 

which makes the scope manageable. 

As indicated above, in a number of fields the classification of systems and the reusability thereof 

have proved to be an advantage. The identification of process model structures is not easy and is 

usually costly (Nikols, 2003). In the HEI application domain where change is inevitable to stay 

competitive, the identification of structures could be an advantage, as was stated in the early 

1990s by Prupis (1992). If these structures can be reused across boundaries, this could not only 
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benefit the internal structure of one HEI, but could also benefit organizations where it is not 

feasible to initiate expensive process re-engineering innovations. A reusable object is not worth 

much if the object is not available. The preservation and availability of objects are therefore 

important, through libraries in the case of objects (Budd, 1991), or repositories in the case of 

process models (Carr, 2003).  

With regard to the identification of generic concepts, Rosch (1973) did some experiments on 

how people categorize and associate words with experiences and found that they rely on what is 

the best representative of the category designated by that word. Similarly, software engineers are 

involved in a categorization process during the identification of classes and subclasses in the 

object paradigm (Jacobson, Booch & Rumbaugh, 1999). In the business application domain, not 

much has been written on the method used to identify the generic process model structures to be 

used as reference models in future re-engineering efforts. For example, if one needs to duplicate 

the identification of the structures used in the MIT process repository for a different application 

domain, the product is available to look at, but no formal methodology or technique is available 

which the researcher may refer to in the identification and preservation of process model 

structures for his own application domain. 

1.3 PROBLEM STATEMENT AND PURPOSE OF THIS STUDY  

The focus of this study is to move towards the description of the HEI, with specific reference to 

process model structures. Some relevant work on the preservation of business process model 

structures has been done in the development of the MIT business process repository in the 1990s 

(Malone et al., 2003). However, in moving towards the identification and preservation of the 

HEI application domain, the differences and similarities with the business domain constitute a 

key consideration. The HEI and the business application domain differ with regard to the goal 

associated with each. The educational domain is more service-orientated and financial systems 

are more market-oriented. The higher education domain encapsulates some activities that are 

prominent in the business world, such as financial structures and human resource issues. 

However, there is a set of processes that work together with the aim of providing the student 

with a learning environment that is unique to the educational application domain, such as the 

course development and registration activities. Therefore, although there are similarities in the 

techniques for identifying the structures, the nature of the business process structures differs and 

the process structures in the MIT process repository are therefore inadequate for representing the 

processes in the educational application domain.  









 

 

Chapter 1: Introduction 8
 

Africa (UNISA) and moved to Pretoria. UNISA was restructured as a distance learning 

university in 1946 (Gillard, 2004).  

The higher education system in South Africa, which was based on very simple principles, 

became more complex as time passed. New universities have been added to the system starting 

with the University Act of 1916, which gave full university status to the University of Cape 

Town and the University of Stellenbosch. The Extension of the Universities Act of 1959 resulted 

in creation of ‘tribal colleges’ for different ethnic groups located in rural areas. These colleges 

were under the trusteeship of UNISA and the Minister of Bantu Education. Colleges were 

created, particularly for ‘Indian’ and ‘Coloured’ citizens, in urban centres (Gillard, 2004).  

After the 1923 Higher Education Act, the Technical Institutes became Technical Colleges which 

were focusing on training up to matriculation level. Technical colleges progressively started 

expanding post-matriculation qualifications and by 1958 some colleges were producing three-

year post-matriculation national diplomas. An Act of Parliament in 1967 created four urban 

Colleges of Advanced Technical Education with three-year national diplomas being their core 

qualifications. Such colleges were renamed in 1977 as technikons. Parallel to the growth in the 

university sector, more technikons were created. 

On 27 July 1999, Professor Kader Asmal, the Minister of Education, announced his intention to 

review the institutional landscape of higher education. The minister subsequently requested the 

Council on Higher Education (CHE) to advice him on the reconfiguration of the higher 

education system to meet the high-level human resource needs of South Africa (CHE, 2000). 

In late January 2000, the Minister of Education tasked the CHE to conduct an investigation into 

the future of the educational system in South Africa. The CHE formed the ‘Size and Shape Task 

Team’ to conduct this investigation. In June 2000, they published a report in which they gave 

concrete proposals on the reconfiguration of the higher education system and recommended 

some issues for future investigation (CHE, 2000). In the report, the Task Team states that ‘the 

problems and weaknesses of the higher education system will not disappear on their own or be 

overcome by institutions on their own. They must be confronted and overcome in a systemic 

way’ (CHE, 2000:4). 

The team relied on the outline defined by the ‘Education White Paper 3: A Programme for the 

Transformation of Higher Education 1997’ (Education White Paper 3, 1997), which: 
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decisions, strategic information technology implementation strategies, change management to 

enhance the willingness to participate and commitment of stakeholders, training and retraining, 

selection of suitable learning strategies, partnership strategies, development of courseware, and 

so forth (Young 2001). When dealing with technology implementation strategies and change 

management, developers use functional decomposition of the organizational structure to view 

the flow between processes.  

Different tools and techniques borrowed from the business application domain are available to 

assist in the investigation of the current process model structures. Methods are used from 

process re-engineering, as defined by authors within the business application domain such as 

Hammer (1990) and Davenport (1990). The focus of these methods is to derive the process 

model structures and from them identify the constraint processes (discussed in section 6.2). The 

data-gathering involved in the identification of the process structures is tedious and not easy.  

On an organizational level, the study expands on the available requirements elicitation 

procedures for the identification of the process model structures in HEI. Some of the work 

related to the identification of process model structures is reported on in Van der Merwe (2003) 

and Van der Merwe, Pretorius & Cloete (2004b). 

The availability of generic structures within a process repository can lower costs involved in the 

identification of process model structures. In similar fashion to reusability in the software 

engineering application domain, it can increase the effective use of specialists in other 

application domains and assist in the move towards a standard set of process reference models. 

For any HEI structures of this nature the identification of new processes and knowledge sharing 

is useful in process re-engineering. 

1.5.4 Scientific rationale 

The scientific rationale refers to the current limitations of the theory, which the study can help 

overcome. With regard to this specific study, there is a lack of procedural descriptions related to 

the identification and preservation of useful process model structures. Hammer (1990) and 

Davenport (1990) described some methods for process re-engineering in the business application 

domain. In the HEI application domain, Bruno et al. (1998) used adapted procedures and 

included some change management guidelines. In examples found in the HEI domain, the 

procedures include identification of the processes as a step, with limited information on how 

these processes should be identified (Carnevale et al., 1999). Nikols (2003) confirms that the 
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1.7 SIGNIFICANCE AND POTENTIAL CONTRIBUTION OF THE 
STUDY 

As previously mentioned, the rationale for this study is to investigate the reusability of generic 

structures within the HEI. The establishment of methods and techniques to derive generic 

process model structures enables the HEI to share process knowledge within the organization 

and expand on the structures identified in this study. The structures may also enable other 

institutions to share knowledge on process model structures if the repository is accessible. This 

can be valuable for institutions that do not have the capacity to be involved in a full 

requirements elicitation cycle during re-engineering efforts. ‘Reinventing the wheel is very 

expensive’ and for financially strained institutions, every tool and technique that is available 

may contribute towards the successful use of process re-engineering in the HEI. 

Another contribution lies in the techniques used to investigate the reusability of process model 

structures. Teams involved in the identification of generic structures need guidelines during 

data-gathering to ensure a complete data set. Measurements and techniques are necessary to 

confirm that the process structures are generic, useful and are a representative of the target 

environment. The techniques in this study assist teams involved in the identification and 

preservation of structures in HEI and potentially in different application domains. 

1.8 RESEARCH METHOD 

The study is mainly a qualitative study, with some elements of quantitative research. According 

to Fraser (2003), it is appropriate to use a combination of both in a research study. The 

quantitative research elements in this study were incorporated through the identification of 

measurement tools during the use of a qualitative research approach called development 

research, which supports the building of theory through practice. 

Myers (2004), a well-known author on research issues in information systems, describes 

qualitative research as the ‘use of qualitative data, such as interviews, documents and participant 

observation data, to understand and explain social phenomena’. In qualitative research, the 

researcher selects an approach that describes the way in which the research will be conducted.  

I used a cross-matrix table (Van der Merwe, Kotze & Cronje, 2005) to investigate the nature of 

the research and categorized the research approaches needed as a combination of action research 

and case study research. The identification of generic structures requires a cyclic procedure of 

data-gathering and theory building. Development research, or action research, is defined by Van 
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den Akker (2004) as research that aims to make both a practical and a scientific contribution. In 

this case, the tools developed constitute the practical contribution and the methods used are the 

scientific contribution. The case study environments used during the data collection included 

UNISA, the University of Pretoria (UP) and Technikon Pretoria2 (TechPta), with verification 

done at the University of the Freestate. 

1.9 RESEARCH DESIGN 

The research design refers to the tools and techniques used during the data-gathering activities in 

the study. The issues that are of importance include the population, data collection, data 

analysis, trustworthiness and authentication.  

1.9.1 Population and sampling 

For the first research question, the identification of the process model structure, it was necessary 

to select different HEI organizations for the data-gathering. My goal was to investigate the 

generic structures of the HEI. Three institutions were selected as participants in the case study. 

The three institutions represented a distance education university (DEU), a residential university 

and a residential technikon. A distance institution is an institution that provides mechanisms for 

students to obtain qualifications while not physically attending classes at the institution. At a 

residential institution the institution provides lecturing physically at the institution that the 

student attend. According to the National Plan for Higher Education, the ‘traditional distinction 

between contact and distance institutions and modes of delivery is becoming increasingly 

blurred’ (National Plan for Higher Education, 2001). Irrespective of this change, I decided to use 

the three different types of institutions in order to verify that the structures are applicable in 

more than one type of environment. 

A fourth residential university was selected at which to carry out data verification. All the units 

(departments, institutes, bureaux, etc.) within each organization were included in the initial data 

sample for each institution. A key person was identified in each unit for discussing the processes 

within the unit and the way that they interact with one another. 

                                                 

2 After the merger known as Tshwane University of Technology, but during the study was still Pretoria Technikon.  
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the different components and relationships between the components are discussed, and this is 

then followed by the discussion of the feasibility of implementing the process model structure in 

a repository similar to the Phios process model repository (2005).  

In Chapter 8, the contribution of this thesis from the perspectives of the three research questions 

is discussed, both from a product and scientific viewpoint. Chapter 9 concludes with a summary 

of the findings of this research, including a summary of this study and an overview of the 

contribution of this study from a methodological, substantive and scientific view. Lastly, the 

possible future research identified during this study is discussed. The Thesis Map is graphically 

illustrated in Figure 1.2 and is included between each chapter as guideline. 

Chapter 1
Introduction

Chapter 2
Theoretical 
Framework

Chapter 3
Context

Chapter 4
Research Design
and Methodology

Chapter 8
Evidence and discussion:

The contribution

Chapter 9
Conclusion

Chapter 5
Evidence and discussion:
Educational process
model (EPM) 
structure

Chapter 6
Evidence and discussion:
Usability of the EPM
structure

Chapter 7
Evidence and discussion:
Educational Process
model repository

Yes

Interested in context information?No

Thesis Map

 
Figure 1.2 Thesis map 
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22..  TThheeoorreettiiccaall  ffrraammeewwoorrkk  

2.1 INTRODUCTION 

The goal of Chapter 2 is to discuss the motivation for the research questions on the basis of the 

existing theory and to give an overview of the building blocks related to the research. This is 

accomplished through a literature review at the beginning of the study and also references to 

existing work during this study to complement the research project.  

In this Chapter, section 2.2 provides background information on the rationale for the three research 

questions caused by new interest in the re-engineering of HEI environments after the introduction of 

the Internet as an innovation.  

Sections 2.3, 2.4 and 2.5 each address the theory related to the three different research questions. In 

section 2.3, the theory related to the process model structure is discussed. In section 2.4, a 

discussion follows on re-engineering concepts in general, the role of re-engineering in HEI and the 

different re-engineering approaches available in the HEI and business application domain. Section 

2.5 focuses on the existing structures available for the preservation of process model structures. The 

Chapter concludes with a summary in Section 2.6. 

2.2 BACKGROUND INFORMATION  

In May 2002, the number of Internet users worldwide was estimated at 580.7 million (NUA, 2002). 

At the beginning of 2005, this number nearly doubled to an estimated 888 million users (Internet 

World Stats, 2005). The estimated growth for Internet users over that three year period was a 

stupendous 300 million users. Since the introduction of the Internet as a technological innovation, it 

emerged in a number of disciplines as a tool to enhance service or support current structures such as 

healthcare systems (Ballas, 2001), business systems (Gebauer, Beam & Segev, 1998; Clague, 1999; 

Timmers, 2000) and knowledge sharing (O'Leary, 1998).  It is inevitable that this technological 

innovation should also influence the HEI (Laurillard, 1993; Oblinger & Katz, 1999; Bates, 2000; 

Bates, 2003). The introduction of the Internet as a new technology will alter the ways in which 
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colleges and universities conduct the business of higher education, how professors teach and how 

students learn (Clague, 1999). 

2.2.1 The impact of the technological revolution on HEI 

Day & Schoemaker (2000:2) refer to emerging technologies as those in which ‘the knowledge base 

is expanding, the application to existing markets is undergoing innovation or new markets are being 

tapped or created.’ For established environments the technology, infrastructure, customers and 

industry are well defined, which is in contrast to emerging technologies where these are not yet on 

solid ground.  

The Internet is still an emerging innovation in higher education. Educause (2003) reported an 

increase in the number of institutions that use the Internet to provide web-based campus portals 

from 21.2 per cent in 2002, to 28.4 per cent in 2003. Online registration facilities grew from 20.9 

per cent in 1998, to 70.9 per cent in 2003. In this report, Green commented that even if there is 

growth in a number of key e-commerce4 and e-service5 measures across all sectors of higher 

education, the campus community is still playing catch-up on e-commerce and e-service issues: 

‘Considering the wide array of e-commerce and e-service options routinely available to students 

and faculty in the consumer and corporate sectors, it’s clear that the campus community is still 

roughly two years behind in its e-commerce and e-service offerings’ (Educause, 2003). 

The main reason for the slow implementation of technological innovations such as the Internet in 

HEI is the cost associated with this change (Spicer & DeBlois, 2004). However, HEIs should 

reposition themselves in the market where competition for student numbers is growing fiercer and a 

rising frustration is experienced with the slow transformation (Barone, 2004). Both the institution 

and the student community can gain by the use of more advanced technological innovations in HEI. 

Some of the advantages of using technology in HEI include the improvement of quality of learning, 

the provision of everyday technological skills for students and the improvement of the cost-

effectiveness of education (Bates, 2000). On the administration side, the use of information 

technology (IT) and access through the Internet to student services give the students access to 

                                                 

4 E-commerce refers to transactions done electronically through the Internet.  
5 E-service refers to any service provided electronically through the Internet. 
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educational opportunities that are unlimited by factors such as space, time and location, immediate 

feedback on rapid and continuous assessment, and virtual access to remote locations and expertise 

(Blurton, 2002).  

Students are exposed to technological innovations at an early stage in life and the technological 

revolution is creating an ‘expectation for operational efficiency and student-centred services’ (Mills 

& Pumo, 1999:288). Therefore, HEIs cannot rely solely upon the traditional way of doing things 

(Mercer, 1999) and ignore the need to introduce more technologically advanced systems into the 

current way of doing things (Bates, 2000; Luker, 2000).  

Over the last fifteen years, HEIs have reacted differently to the introduction of technological 

innovations. Senge (1990:4) claims that ‘the organizations that will truly excel in the future will be 

the organizations that discover how to tap people’s commitment and capacity to learn at all levels in 

an organization’. To excel includes keeping up with the rapidly emerging technologies and 

implementing changes that are advantageous for both the student (Blurton, 2002) and the institution 

(Luker, 2000).  To handle this challenge successfully, the HEIs need to develop new competencies 

(Day & Schoemaker, 2000) and to introduce a disciplined approach to ensure that the 

implementation of new technologies is economically feasible, while maintaining the quality of 

learning (Laurillard, 1993; Bates, 2000; Ryan et al., 2000). 

In order to adopt the use of technology successfully with the emphasis on doing so efficiently and 

cost effectively in the learning domain, the organization needs to reorganize the current modus 

operandi, including the way in which HEIs are planned, managed and organized (Bates, 2000). The 

system surrounding the implementation of new technology trends needs to adjust to the new 

technology (Laurillard, 1993) in order to remain competitive while renewing the current way of 

doing things (Oblinger & Katz, 1999). This should be done in an informed and strategic fashion 

with the focus on both ‘what’ changes and ‘how’ it changes (Scott, 2003b).  

HEIs need a well-organized re-engineering approach towards implementing changes, understanding 

the need to assess the quality of their teaching and research, and the efficiency of their service 

(Oblinger & Katz, 1999; Luker, 2000).  



 

 

Chapter 2: Theoretical Framework 25
 
 

2.2.2 Re-engineering the processes in an HEI application domain 

In the few years since the Internet has gained prominence, thousands of businesses, educational 

institutions and government agencies have begun to exploit the opportunities offered by e-

commerce. Although the HEI is not a business (Greenberg, 2004) it can benefit from innovative 

practices derived from business, education or government (Clague, 1999). The concept used in this 

study in introducing change is the concept of business process re-engineering (BPR) or process 

innovation (PI).  

Hammer (1990:104) initially introduced his concept of re-engineering in business as ‘to use the 

power of modern information technology to radically redesign our business processes in order to 

achieve dramatic improvements in their performance’. Davenport (1993) gave a more formal 

description with regard to process innovation. The term ‘process innovation’ encompasses the 

‘envisioning of new work strategies, the actual process design activity, and the implementation of 

the change in all its complex technological, human and organizational dimensions’ (1993:2). 

In later work, Davenport (1995a; 2003) warns against the misuse of the ‘concept’ of re-engineering, 

but for the purposes of this study, I agree with his view that there is enough proof that re-

engineering can be implemented successfully if the development team considers the risks 

accompanying the notion.  

In the business application domain, Hammer (1990) and Davenport (1990) both published work on 

the use of process re-engineering methods (more information on the methodologies is given in 

section 2.4). Some sources refer to Hammer as the ‘father of re-engineering’ (Heterick, 1995) while 

others give the credit to Davenport (Avison & Fitzgerald, 2003). Many methods and procedures 

have been developed in different application domains using the concept of process re-engineering. 

For example, Tait (1999) suggested nine steps to rethink the business processes in higher education 

and Bruno et al. (1998) introduced some steps relating to both on processes and change 

management (Bruno et al., 1998). At the intersection of these methods is the process to be 

engineered. 

In the early 1990s there was a move away from managing organizations from a hierarchical 

structure towards a more process-oriented approach (Ernst, Katz & Sack, 1994). This move towards 

a more process-oriented approach complements the process re-engineering approach introduced by 

Davenport (1990) and Hammer (1990) with the process as the focus.  
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The purpose of this research question is to investigate the structure of a higher education institution 

and to comment on the generic nature thereof. Firstly the focus is on the nature of the structure at 

the highest level and then attention is paid to sub-levels. If the identification of processes in one 

institution is rated as a difficult task (Nikols, 2003), doing it for more than one institution is 

certainly more complex. It is therefore necessary to follow a structured methodology for data-

gathering. An issue in this research is the identification and use of a procedure to derive the 

structure.  

The second research question arises from the rationale behind this study and the deliverable of the 

first research question. If I know what the structure of an HEI is, how do I know that it is useful? 

And more specifically, how do I verify the proposition that the structure derived in the first research 

question can be used in re-engineering initiatives? This brings up the second research question, 

which is stated as follows:  

To what extent is the generic process model structure useful in a re-engineering effort? 

The purpose of this research question is to investigate the usefulness of the generic process model 

structures derived from the first research question. In order to comment on the usefulness of these 

structures it is necessary to use them in a process re-engineering exercise and comment on their 

usefulness using a predefined set of indicators. One has to consider the available procedures for 

process re-engineering and investigate the feasibility of using the procedure in the HEI application 

domain. 

If there is proof that there are generic process model representations in the HE application domain 

and it is known that these structures are useful in activities such as process re-engineering, it is 

possible to deduce that this will not only be useful for sharing knowledge on process structures 

within one institution but could be used by more than one institution in process re-engineering 

through a process repository for HE. This leads us to the third issue: if we know what the process 

model structure is and that it is useful in process re-engineering, how can it be preserved and stored 

for future re-engineering?  The third research question addressed in this study, is as follows:  

 How can the educational process model be preserved and reused? 

The purpose of this research question is to investigate the feasibility of using process repositories 

for the preservation of process model structures. This includes an investigation into the 

representation of the process model structure and the physical storage thereof. The rationale is to 
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reuse the process models in such a way that they not only represent knowledge within an 

organization but can be extended for use by other organizations. The three research questions and 

the issues related to each are summarized in Table 2.1.  

Table 2.1: Issues addressed for each research question 
 Research Questions 

Research Question 1 Research Question 2 Research Question 3 Question 
 What is the process model structure 

of the higher education institution? 
To what extent is the generic 
process model structure useful 
in a re-engineering effort? 

How can the educational 
process model be preserved 
and reused? 

Issues - What is a process? 
- What is process modelling? 
- What is process notation? 
- How can one identify the HEI 

process model structure? 
- When is the process model 

structure generic? 
- What tools are available to 

support the process modelling 
task? 

- What is re-engineering? 
- What is business process re-

engineering (BPR)? 
- What is HEI process re-

engineering? 
- What methodologies are 

available in the business 
environment? 

- What methodologies are 
available in the HEI 
application domain? 

- What is reusability? 
- What is the role of 

classification systems in 
process reservation? 

- What are the components 
of the MIT process 
repository representation? 

- How does one preserve the 
data in a process 
repository? 

For the literature review related to the three questions, an initial literature review that led to the 

formulation of the research questions discussed was performed. There was ongoing investigation of 

related topics in the literature after the research questions were formulated. The literature research 

was conducted using trusted resources. These include paper-based journals, conference 

proceedings, books, databases through digital library access (e.g. ACM, IEEE and Academic 

Source Premier) and reliable electronic resources. About 70 different journals and over 400 

references that included work by nearly 460 different authors were used in this study.  

The first research question, which refers to the identification of the process model structure of the 

HEI, focuses on the process model structure. In section 2.3 the relevant concepts in the process 

model structure are discussed, including what a process is, what process modelling is, what process 

notation is, how one identifies the process model structure, how one identifies the generic process 

model structure and what process modelling tools support the identification of the process model 

structure. The issues related to the second research question are discussed in more detail in section 

2.4, with the issues related to the third research question addressed in section 2.5. 

2.3 PROCESS MODEL STRUCTURE 

A process model structure consists of processes and the flow between the processes 

diagrammatically depicted on a process model diagram. The procedure of constructing the process 
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Eriksson and Penker (2000) provide a higher abstract of these elements to include the process itself, 

process resources and the goal description of the process. Process resources can either be input or 

output resources. An input resource is used to assist in the flow of process activities. For example, 

in a student registration process, the registration form (input) is used (initially) to capture the 

student information. An output resource is the resulting output of the activities in a specific process, 

and in turn might potentially serve as an input resource to another process. Each process has at least 

one input resource and one output resource associated with it.   

2.3.2 Process modelling 

Wilson (1990) defines a model as ‘the explicit interpretation of one’s understanding of a situation, 

or merely of one’s ideas about that situation. It can be expressed in mathematics, symbols or words, 

but is essentially a description of entities, processes or attributes and the relationships between 

them’. Curtis et al. (1992) define a model as an abstract representation of reality that excludes much 

of the world’s infinite detail. Models are used in different application domains. For example, an 

enterprise model describes the objectives pursued by an enterprise (Rolstadas & Andersen, 2000).  

A process model is a structure that represents a group of processes and their relationship to one 

another, which together accomplish a specific goal. A high-level process model, is a process model 

that includes all the primary processes and their relation to one another, to accomplish the high-

level objectives of the environment modelled (Van der Merwe et al., 2004b). Process modelling is 

made unique within one area by the conceptual boundaries set by the area (Curtis et al., 1992). In a 

process model more than one process is linked with one another through inputs and outputs, using a 

standard process notation (process notation is discussed in more detail in 2.3.3). 

In software development, a software process model focuses on the issues involved in the creation 

and evolution of software (Curtis et al., 1992). Kawalek and Kueng (1997:1) investigated the 

usefulness of process models in modern organizations where they found that ‘process models are 

still best understood and most successfully used in traditional analysis and design’. They also claim 

that the process model is a prerequisite for the implementation of a new process or for the re-

engineering of existing environments. In business environments the business process model is used 

to capture existing processes by using a structured approach to represent the activities and the 

related elements and to represent new processes in order to evaluate their performances (Lin, Yang 

& Pai, 2002).  
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Building a process model structure has several advantages. According to Cummins (1992) it allows 

all participants to look at the structure from another angle and see it globally. It acts as a blueprint in 

the communication between different stakeholders, who can see what their own role is in the chain 

of events. The participants can also view the picture neutrally without considering politics and 

personalities. For a process modelling initiative to be successful it should include user training, 

project championship and structured communication between the analyst team and the users 

(Sedera, Rosemann & Gable, 2001). The downside of using process models is that if the model does 

not reasonably represent the real-life situation, the re-engineering effort may not be successful.  

According to Curtis et al. (1992), process models can be used to obtain high-level prescriptive 

processes representative of the institution and are also capable of producing precise, unambiguous 

and comprehensive descriptions of the relevant processes. The process models used in this study 

refer to the process models that describe the structure of the organization at the highest level and, on 

lower levels, the activities involved in performing the processes on a higher level. 

2.3.3 Process notation 

A process model has a notation that includes the symbols used in the models and the rules that 

govern the use of the symbols (Eriksson & Penker, 2000).  A notation also dictates how the symbols 

should look and how they may be combined.  

The two major modelling notations used in the 1990s include Integrated Computer-aided 

Manufacturing Definition (IDEF) and the UML, which came from the object-oriented software 

design paradigm (Moore, 2004). Business Process Modelling Notation (BPMN) was released in 

May 2004 as a process modelling notation and is seen by some as the next standard graphical 

notation for expressing business processes in a business process diagram (White, 2004).   

The notation used for the three approaches differs markedly. For example, in the IDEF3 (1995) 

approach, which specifically focussed on the process modelling within the set of IDEF (2004) 

family of methods, different symbols are used for the use of Process Schematic Symbols and Object 

Schematic Symbols (listed in Table 2.2). 

A process in IDEF distinguishes between an activity performed by people, an activity performed by 

a computer system and a process within the scope of the improvement project (or subprocess) 

(IDEF, 2004). 
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 Table 2.2: IDEF3 process and object schematics (IDEF, 1995:22) 

 

In contrast with the IDEF3 notation, the BPMN notation uses only three elements as the core of the 

notation, including an event, activity and gateway (White, 2004), as illustrated in Table 2.3. 

In UML, a business process is defined as a stereotyped activity with a process, input, output, goal 

and resources associated with the process (Eriksson & Penker, 2000), as illustrated in Table 2.4. 
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Table 2.3: Core business process diagram objects for BPMN (White, 2004:2) 
Object Description Element 
Event 
 

An event is represented by a circle and is something that ‘happens’ during the 
course of a business process. These Events affect the flow of the process and 
usually have a cause (trigger) or an impact (result). Events are circles with open 
centres to allow internal markers to differentiate between different triggers or 
results. There are three types of Events, based on when they affect the flow: 
Start, Intermediate and End (see the figures to the right, respectively). 

 

Activity 
 

An activity is represented by a rounded-corner rectangle (see the figure to the 
right) and is a generic term for work that a company performs. An Activity can 
be atomic or non-atomic (compound). The types of Activities are: Task and 
Subprocess. The Subprocess is distinguished by a small plus sign in the bottom 
centre of the shape.  

Gateway 
 

A gateway is represented by the familiar diamond shape (see the figure to the 
right) and is used to control the divergence and convergence of Sequence Flow. 
Thus, it will determine traditional decisions, as well as the forking, merging 
and joining of paths. Internal Markers will indicate the type of behaviour 
control. 

 
Table 2.4: UML stereotype process model (Sparks, 2000) 

Object Description Element 
Process/ 
Activities 
 

‘A business process is a collection of activities designed to produce a 
specific output for a particular customer or market. It implies a 
strong emphasis on how the work is done within an organization, in 
contrast to a product's focus on what is done. A process is thus a 
specific ordering of work activities across time and place, with a 
beginning, an end, and clearly defined inputs and outputs: a structure 
for action’ (Sparks, 2000:4). 

<<Process>>

Business Process
 

Inputs/ 
Information 
 

‘Business processes use information to tailor or complete their 
activities. Information, unlike resources, is not consumed in the 
process - rather it is used as part of the transformation process. In 
formation may come from external sources, from customers, from 
internal organisational units and may even be the product of other 
processes. A resource is an input to a business process, and, unlike 
information, is typically consumed during the processing’ (Sparks, 
2000:4). 

Information Resource

<<Supply>> <<Input>>

<<Process>>

Business Process
 

 
Output 
 

‘A business process will typically produce one or more outputs of 
value to the business, either for internal use or to satisfy external 
requirements. An output may be a physical object (such as a report 
or invoice), a transformation of raw resources into a new 
arrangement (a daily schedule or roster) or an overall business result 
such as completing a customer order. An output of one business 
process may feed into another process, either as a requested item or a 
trigger to initiate new activities’ (Sparks, 2000:5). 

 
 
 
<<Process>>
Business Process Output

 
 

Events ‘An event is the receipt of some object, a time or date reached, a 
notification or some other trigger that initiates the business process. 
The event may be consumed and transformed (for example a 
customer order) or simply act as a catalyst (e.g. nightly batch job)’ 
(Sparks,2000:5). 

<<Process>>

Business Process
>

Actor

Event

Goals ‘A business process has some well defined goal. This is the reason 
the organization does this work and should be defined in terms of the 
benefits this process has for the organization as a whole and in 
satisfying the business needs’ (Sparks,2000:6).  
 
 

 

<<Process>>

Business Process

Goal

<<Goal>>
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Any one of these modelling notations should be sufficient to model the flow of events in a process 

model. I selected the UML process model notation because UML is a standard modelling notation 

that supports the object-oriented paradigm (OMG, 1997) and for this research I am investigating 

reusability of concepts which is supported by the object paradigm. It is therefore appropriate to use 

a notation that supports the same concepts. The results of the research, however, are not dependant 

on the notation. Any one of the three notations would have been appropriate. 

In grouping the elements together from the UML notation specified for business processes (as in 

Table 2.4), it is possible to build a coherent picture of the business process, as illustrated in Figure 

2.1. 

Goal

<<Goal>>

<<Output>>

Information

Output

Resource

<<Supply>> <<Input>>

> >

Actor

Event <<Process>>

Business Process

 
Figure 2.1 : Coherent business process model 

The process is usually in the middle of the diagram with the inputs on the left-hand (or at the 

bottom or top of the process) with an arrow showing towards the process. The goal and output is on 

the right-hand side with arrows showing from the process towards the goal and the output.  

A process model may consist of more than one activity to achieve a desired result. For example, a 

product is first built and then delivered to the customer according to an order. There are two 

activities or processes involved in the selling of the product. Putting the two processes together in 

one diagram and linking them through a resource that acts as an output for one process and input to 

the other, results in a process model as illustrated in Figure 2.2. 

Produce a 
product

<<Goal>>

<<Output>>

<<Supply>>
<<Process>>

Production process

Order

Production
facilities

Raw 
material

Product>
>

>

>

Delivery on 
time

<<Goal>>

<<Physical>>

<<Process>>
Delivery

Item 
delivered

>>

 
Figure 2.2: Production and delivery of an item 
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In this example the product is first produced using raw material and the production facilities as 

input. The product is the output for the production process as well as the input for the delivery 

process, together with the order. The output for the delivery process is the physical item that is 

delivered. 

2.3.4 Identification of the process model structure 

To identify the processes and flow between process models is not an easy task. As mentioned 

previously in section 2.3.2, the process model structure can be used in different application 

domains, for example during software development (Sommerville, 2000; Whitten et al., 2000; 

Pressman, 2005) or in re-engineering where the goal is to enhance a single process or a number of 

processes (Davenport, 1993; Hammer & Champy, 1994). In these application domains different 

methodologies or procedures have evolved to assist in the procedure of software development or re-

engineering.  

The focus of this section is on the identification of the process model structure. The identification of 

the process model structure is usually a single step in the procedures for software development or 

re-engineering. How the process model structure is used in activities such as re-engineering is 

discussed in more detail in section 2.4.  

There are two steps in the identification of the process model structure, the process model 

components elicitation and the construction of the process model structure. 

2.3.4.1 Process model components identification 

The identification of the components in an application domain forms part of the requirements 

elicitation process. A requirement is a function that is necessary so that a system can work to satisfy 

an organization’s objectives (Christel & Kang, 1992). A set of processes that fullfill a function 

within the institution is also a requirement and requirements elicitation procedures can be used to 

identify the processes within the institution. Requirements elicitation includes the use of different 

techniques to gather data. Table 2.5 gives a summary based on the text from Kotonya and 

Sommerville (1998) and Suzanne and James Robertson (1999) on some of the techniques used in 

requirements elicitation to find the data that one is looking for. 
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Table 2.5: Data-gathering techniques used in requirements elicitation 
Technique Description 
Interviews The most commonly used technique is interviews where the analyst discusses the system 

with different stakeholders. 
Scenarios Scenarios are used where the system stakeholders are shown real-life situations which 

are easier to relate to than abstract representations. 
Soft systems In understanding the problem, soft systems are used where there is uncertainty about the 

kind of system to implement. It is concerned with human-related issues such as people, 
procedures and policies. 

Observation / 
apprenticing 

Lastly, observation is used where the analyst observes how people are carrying out work 
and this is then used in defining the processes. 

Business event 
workshop 

The business event workshop is a social interaction between the user and the analyst 
where the user describes his work in relation to a specific event. 

Brainstorming During a brainstorming session, a group of people together form ideas on the problems 
and solutions related to a specific scenario. 

Electronic requirements Mail, discussion forums and documents available on the web are useful to the analyst in 
discovering information on a topic related to his data-gathering. 

The Volere Process model is one example of a process for gathering and testing requirements 

(Robertson & Roberson, 1999). It includes the following activities: 

1. Project blastoff. 

2. Trawl for knowledge. 

3. Write the requirements. 

4. Quality gateway. 

5. Prototype the requirements. 

6. Do requirements post mortem. 

7. Take stock of the specification. 

8. Domain analysis. 

9. Reusing requirements. 

2.3.4.2 Construction of the process model structure 

After the identification of the elements involved in the process model structure, the analyst proceeds 

with the construction of the process model.  

The process of elicitation and structuring the process models is usually guided by a requirements 

method. Requirements methods are systematic ways of producing system models such as process 

models (Kotonya & Sommerville, 1998). 
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institution? it will therefore be necessary to either adapt one of the existing process identification 

procedures or construct a new procedure.  

However, the question does not only concern the process model structure of a single institution. The 

focus is on the generic process model structure for the HEI. It is therefore also necessary to ask how 

it will be possible to identify the process structure that is generic.  

2.3.5 Establishing a generic process model structure 

According to Mauer & Holz (1999), a generic process model is a reusable description of the 

workflow of software development processes. Our interest is in the generic nature of process model 

structures in the HEI application domain. According to the Merriam-Webster Dictionary (2005), 

something is generic when it is ‘general, applicable to any member of a group or class’(Merriam-

Webster, 2005). To determine the generality of something, one needs to test whether it applies to a 

number of cases. The number of cases depends on the type of research that one is involved in.  

In object-oriented programming it is easy to determine the generic object for a function because the 

output is easily measurable. For instance, the ‘save’ option in any program is suppose to save a file 

to the path supplied. Most applications use a save option, including word processors, databases, 

spreadsheets, etc. One can say that the save option is generic to applications on the computer. In 

contrast, a function such as ‘draw line’ may be generic only in certain programs, for instance 

drawing packages. A medical application storing data on patients is unlikely to have a draw line 

function. It is therefore only possible to comment on the generic nature of the draw line function 

within drawing packages. 

But how does one determine whether or not a structure is generic? Unfortunately there are no 

guidelines for determining this, except to comment on the repeating nature thereof. Porter’s (1985) 

value chain concept is probably the best known generic diagram used in business models. Every 

business consists of a set of activities that work together to design, produce, market, deliver and 

support its product.  All these activities can be represented by using a value chain.  The ‘value’ is 

the amount buyers are willing to pay for what a firm provides.  In the value chain model proposed, 

the purpose was to display the total value by defining the value activities and their margins 

(illustrated in Figure 2.3). 
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Table 2.7: Techniques and tools available for process modelling (Delft University of Technology, 2005) 
Technique Tool Technique Tool 
IDEF 4Keeps, AI0 WIN , BPWin , 

Business Object Modelling 
Workbench, CORE, Design 
IDEF, Design Leverage  
IDEF Tools, Popkins Systems 
Architect, Pro CAP Pro SIM, 
Process Maker, SA/BPR 
Professional, Workflow Modeler 

Yourdan (DFD) 4Keeps, BONAPART, GRADE  
Paradigm Plus, Popkins Systems 
Architect, Softwarethrough Pictures SE, 
With Class 98 

UML tools 4Keeps, Class Designer , 
COOLJex,  
Innovator, Javision, j-vision,  
LOREx2 for Java, Magic Draw 
UML,  
Object Plant, Object engineering, 
Paradigm Plus, Pragmatica, Real-
time Studio, Rhapsody, SDT, Soft 
Modeler Business, 
Softwarethrough Pictures UML, 
Together C, Together J, Visual 
UML, With Class 98 

Object-oriented 
tools 

BRWin A&D, Class Designer,  
ICONIXOOAamp D Power Tools, 
Kappa, Live Analyst,  
Mac Aamp D, Meta Edit,  
Object GEODE, Object Management 
Workbench, OMWtm, Object Modeler,  
Object Team, OODesigner,  
Paradigm Plus, Process Flo,  
Quick CRC, radical, Rhapsody  
SA/Object Architect, Select Enterprise, 
System Architect,  
The Electronic Workforce 

Tools that 
support 
Booch 

4Keeps, Class Designer, Paradigm 
Plus  
Softwarethrough Pictures Booch,  
With Class 98 

Tools that support 
Rumbauch 

4Keeps, Paradigm Plus,  
Select Enterprise 

Tools that 
support 
meta-
modelling 

AWD and Workflow Analyzer,  
Meta Edit, Meta Edit Method 
Workbench, Meta Edit Personal  
Metaphase 2.0, Metaview 
FOLDERS, Power Designer, 
Process Maker, Softwarethrough 
Pictures Booch, Softwarethrough 
Pictures OMT, Work Flow  

Tools that support 
flow chart 

ABC Flow Charter 4.0, ABC Graphics 
Suite, ABT Project Workbench, AWD 
and Workflow Analyzer, Bench Marker 
Plus, BPM, Business Object Modelling 
Workbench, Cap Web-Flow, CLEAR, 
Suite, and more at  
http://is.twi.tudelft.nl/~hommes/toolsub.ht
ml#15 

I selected UML as the notation for the process models in this thesis, which is supported by different 

tools. For example, Enterprise Architect supports the UML process stereotype as shown in Figure 

2.4.  

 
Figure 2.4: Enterprise Architect supports the UML process stereotype (Sparks, 2000) 
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2.3.7 Overview: process model structure 

In section 2.2 the importance of the determination of generic process model structures was 

emphasized. To be able to investigate the educational process model structure of the HEI, it was 

necessary to investigate the concepts associated with the process model structure. The theory 

discussed in sections 2.3 gives an overview on the building blocks related to the building of process 

model structures, including what a process is, how process modelling is used and the notation used 

in process modelling.  

Prupis (1992) mentioned the importance of the identification of structures that can be reused in the 

HEI application domain. In section 2.3.5 the concept of generic structures is addressed that relates 

to reusability. The problem is that although the theory provides us with the concepts on what a 

process is, how to model processes etc., there is a lack in procedures to identify the generic process 

model structures, which is the force behind the first research question. The identification of process 

model structures within the HEI application domain is discussed in more detail in Chapter 4.  

2.4 PROCESS RE-ENGINEERING  

The second research question focuses on the role of the process model structure during process 

innovation or re-engineering. In this section, the current status of process re-engineering in BPR and 

in the HEI are discussed (section 2.4.1), after which the different methodologies in BPR and in the 

HEI (section 2.4.2) are examined. Lastly, some remarks are made on the use of the theory of 

constraints in re-engineering (section 2.4.3). 

2.4.1 What is re-engineering? 

Re-engineering is the ‘fundamental rethinking and radical redesign of business processes to achieve 

dramatic improvements in critical, contemporary measures of performance, such as cost, quality, 

service and speed’ (CRF, 2005). In this section re-engineering is discussed first from a business 

perspective and then the focus is on re-engineering in HEI. 

2.4.1.1 Business process re-engineering  

Business process re-engineering is also known as business process redesign, process re-engineering, 

business transformation, or process change management. For the purpose of this thesis, the term 

that will be used is ‘business process re-engineering’ except when directly quoting other authors.  
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There is much controversy on who was really the father of the concept of business re-engineering, 

Davenport or Hammer. Both wrote their first articles on the concept in 1990 and both released a 

book in 1993. Davenport (1995a) claims that his book on process re-engineering had already been 

released in November 1992, whereas Hammer released his book on the re-engineering of the 

corporation in April 1993.  

Davenport (1990:11) defined business process redesign in the Summer Edition of Sloan 

Management Review as ‘the analysis and design of work flows and processes within and between 

organizations’. A few weeks later, Hammer (1990) wrote an article in the Harvard Business Review 

in which he maintains that it is necessary to drastically redesign or re-engineer the processes within 

the business in order to make dramatic improvements to the performance of the processes. In 1994 

Hammer and Champy (1994:32) formalized this definition as ‘the fundamental rethinking and 

radical redesign of business processes to achieve dramatic improvements in critical, contemporary 

measures of performance, such as cost, quality, service and speed’.  

The two approaches are both related to the redesign, with Hammer much more focused on starting 

with a clean slate. Davenport was more cautious and prescribed a slower approach where the 

problem process is identified and re-engineered through innovation. Although there were many 

success stories in the early 1990s about companies using these concepts, there were also many 

tragedies. Some companies used re-engineering to sponsor expensive projects. It even became part 

of downsizing projects where it was used as the motivation for layoffs in companies (Davenport, 

1995a). Davenport wrote a few articles on the criticism that the concept of re-engineering received 

from businesses after some projects failed (Davenport & Stoddard, 1994; Davenport, 1995a; 

Davenport, 1995b; Davenport et al., 2003). In 1994 he emphasized that there are some myths 

associated with the use of re-engineering (Davenport & Stoddard, 1994). In this article he warned 

against the ‘clean slate’ approach recommended by Hammer & Chumpy (1993). The support for re-

engineering weakened and in 1995 Davenport published an article ‘The Fad that Forgot People’ in 

which he acknowledged the failure of re-engineering as it was initially intended (Davenport, 

1995a). 

With the introduction of the Internet in the early 1990s and the need for companies to introduce 

technological changes over the last ten years, new interest was evinced in the concept of re-

engineering of the organization. Re-engineering was not totally doomed. Papers written in the late 

1990s mentioned successes but also emphasized the pitfalls of re-engineering. For example, Teng et 
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3. Understand and measure existing processes: It is necessary to understand the reasons why a 

process is a problem so that the problem is not repeated. In this case, accurate measurement can 

serve as the beginning of future process improvements. 

4. Identify IT levers: The role of IT should be considered early in the redesign stages to garner the 

most from the opportunities it presents. 

5. Design and build a prototype of the process: Davenport suggests that the key factors to consider 

during the design and the prototype of the process are to use IT as a design tool, understand the 

generic design criteria and create organizational prototypes. 

Something worth mentioning that relates to the first research question in this study, is that 

Davenport (1993) supports the identification of key processes at the highest level of an institution, 

during Step 2 of his procedure.  

Key processes, or main processes, are the processes during which the developer focuses on the main 

‘things’ that are happening within the institution. According to Davenport (1993) it is unlikely that 

the list of key processes will involve more than 20 processes.  

An example of a key process within different companies is marketing. According to an example on 

key processes (Table 2.8) listed by Davenport (1993), marketing is a key process at IBM, Xerox 

and British Telecom. Marketing being a key process at all three companies supports Porter’s (1985) 

value chain notion that marketing is a primary or key process within the business application 

domain. 

 Table 2.8: Key business processes of leading companies (Davenport, 1993:29) 
IBM Xerox British Telecom 
Market information capture 
Market selection 
Requirements 
Development of hardware 
Development of software 
Development of services 
Production 
Customer fulfillment 
Customer relationship 
Service 
Customer feedback 
Marketing 
Solution integration 
Financial analysis 
Plan integration 
Accounting 
 

Customer engagement 
Inventory management and logistics 
Product design and engineering 
Product maintenance 
Technology management 
Production and operations management 
Market management 
Supplier management 
Information management 
Business management 
Human resource management 
Leased and capital asset management 
Legal 
Financial management  
Human resources 
IT infrastructures 

Direct business 
Plan business 
Develop processes 
Manage process operation 
Provide personnel support 
Market products and services 
Provide customer service 
Manage products and services 
Provide consultancy services 
Plan the network 
Operate the network 
Provide support services 
Manage information resource 
Manage finance 
Provide technical R&D 
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Once again, there are no guidelines on how to determine the key processes. Porter’s (1985) 

framework is mentioned as a reference to primary processes. Davenport (1993) mentioned that one 

guideline is to use Harrington’s approach, in which the executives jot down the different processes 

for which they are responsible and derive from these the key list of processes.   

2.4.2.1.2 Hammer’s process re-engineering steps 

In contrast to Davenport (1990), Hammer’s (1993) definition of re-engineering is much more 

aggressive. Hammer (1993:32) defines re-engineering as ‘the fundamental rethinking and radical 

redesign of business processes to achieve dramatic improvements in critical, contemporary 

measures of performance, such as cost, quality, service, and speed’. Note that the focus is on four 

key words: fundamental, radical, dramatic and processes. Lam (1995) maintains that these four 

concepts are fundamental in motivating the company to think about what it is that they are doing 

and why are they doing it. ‘Radical’ refers to the way that change should be implemented, ignoring 

what has been done previously and reinvented. ‘Dramatic’ refers to the kind of change: changes 

should not be small but should influence the way the company does things. Lastly, the focus should 

be on the processes. What are the processes and how should they be re-engineered? 

Hammer defines the steps involved in re-engineering a business as: 

1. Name the processes and state your goal. 

2. Map the process. 

3. Choose the process to re-engineer. 

4. Understand each process. 

5. Re-engineer the process. 

A number of other BPR methodologies evolved during the boom period of BPR, including those of 

Furey (1993), Harrison (1993), and Manganelli (1994). In 1999 Muthu et al. (1999) provided a 

cross-reference table with some of these methodologies. They identified a consolidated 

methodology from five methodologies previously presented, in which some of these procedures 

were merged, and defined a consolidated methodology with the following activities (Muthu, 1999):  

1. Prepare for re-engineering: During this stage the focus is on preparing for the re-engineering 

activity. An important question to address is whether or not BPR is necessary. 
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2. Map and analyze As-Is process: During this step the re-engineering team should understand the 

current processes. 

3. Design To-Be process: The re-engineering team should consider more than one alternative to 

the problem. Benchmarking (in which the organization compares itself to competitors who have 

already implemented the solution) is a technique recommended by the authors. 

4. Implement the re-engineered process: This is the step during which the most resistance is 

experienced. The re-engineering team needs to identify a list of activities to complete and 

implement the changes. 

5. Improve processes continuously: The processes should be monitored and if there is any concern 

created by the implementation, it should be addressed by the team immediately. 

Although it may seem as if the procedures differ radically, it is not the case. Some of the activities 

are encapsulated in other activities. I used a comparison table (Table 2.9) to compare the activities 

in the different approaches. The number in the columns refers to the step number in the associated 

procedure. 

Table 2.9:Activities within re-engineering 
Step/Phase Davenport (1990) Hammer (1993) Muthu (1999) 
Develop business vision 1 1 1 
Identify processes to be redesigned 2 1  
Map the process  2 2 
Choose the process to re-engineer  3 3 
Understand the current processes 3 4  
Identify IT levers 4   
Design and build a prototype of the new process 5   
Re-engineer the process  5  
Implement the re-engineered process   4 
Improve process continuously   5 

Hammer (1993) does not include an implementation phase and only Muthu et al. (1998) included a 

step on the measurement of the process re-engineering. From this comparison it is possible to 

deduce that according to these authors a re-engineering activity should at least include a phase on 

building a strategy, steps on the identification of the process to be re-engineered, an understanding 

of what is wrong with the current processes, steps that address what the solution is, and the re-

engineering of the process. 

2.4.2.2 HEI re-engineering  methodologies 

In this section, the focus moves from re-engineering practices in the business application domain to 

the HEI application domain. Although many institutions were involved in re-engineering efforts 
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(Carnevale et al., 1999; Hochstettler et al., 1999), few re-engineering methodologies were 

introduced specifically for the HEI application domain. Most of the case studies hinted at the use of 

either Hammer’s (1990) or Davenport’s (1990) approach. Hartman and Zahary (1991) gave ten 

guidelines for re-engineering in the HEI application domain after a new upgrade was done of the 

integrated student information system at the California State University. The guidelines included: 

1. Identify the mission, goals, and outcome targets. 

2. Walk through the process as it exists. 

3. Rediscover and redefine the rules and regulations.  

4. Consider alternative ways of doing the work. 

5. Look at the process through the eyes of the client. 

6. Discuss what has just been said and heard while it is still fresh. 

7. Recast the mission and goals of the unit within the bigger picture. 

8. Redesign the process within the context of the new mission and information technology. 

9. Look for flaws by testing the redesigned process in more than one way. 

10. Review the re-engineered process with the unit director for flaws. 

Although it was not claimed that these steps constituted a formal procedure, they could easily map 

to the steps introduced by Davenport (1990). In the mid 1990s re-engineering efforts in HEI were 

limited due to the bad publicity received after the failure of some projects, as discussed in section 

2.4.1.1. However, the technological wave introduced by the Internet soon also exerted more 

pressure on the HEI application domain to change, and like the BPR application domain, the HEI 

institutions also returned to re-engineering, but this time more cautiously and with due emphasis on 

the lessons learned from BPR and from projects at different institutions. Bruno et al. (1998) 

introduced the concept of Process Engineering in an article ‘Practical Process Engineering for 

Higher Education’. The procedure focused on process engineering, with five steps being defined: 

1. The selection of the process to re-engineer.  

2. The analysis of the current processes.  

3. The design of the new processes.  

4. Implementation.  

5. Quality assessment.  
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The procedure also provides for change management mechanisms on each level. During the first 

step, the task is to design a change management plan. This is followed by an effort to understand the 

staff who will be involved in the change. In the third step it is the responsibility of management to 

assist in the incorporation of the changes into the existing flow of the institution while the fourth 

step focuses on the training involved to provide the staff with the necessary capabilities to perform 

effectively in the new environment. The approach is illustrated in Figure 2.5. 

 
Figure 2.5: A process engineering approach in HEI (Bruno et al., 1998) 

In a study by Coopers & Lybrand in 1999, it was stated that half of the HEI income is spend on 

administrative tasks, which may not even add value to the organization (Tait, 1999). According to 

Tait (1999), for a re-engineering effort to be successful in HEI it should have management 

commitment, organization-wide ownership, an understanding of re-engineering and a recognition of 

the need for fundamental change. He elaborated on the five steps introduced by Bruno et al. (1998) 

and introduced nine steps in enterprise process engineering, including: 

1. Identify strategic objectives. 

2. Determine important metrics. 
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3. Implement a change-management programme. 

4. Define processes. 

5. Capture the current method. 

6. Identify affected and involved parties. 

7. Model business processes. 

8. Apply best practices. 

9. Review and refine outcomes. 

Tait (1999) provides for change management in steps 3 and 6, while Bruno et al. (1998) include 

change management as a separate set of steps that is used simultaneously with the process re-

engineering steps.  Tait (1999) also includes the identification of metrics as an important step that is 

not included in the other procedures. Table 2.10 provides an integrated list of the steps/phases and 

indicates the inclusion of these in the three BPR and two HEI procedures discussed.  

Table 2.10: Activities within BPR and HEI re-engineering 
BPR procedure HEI procedure Step / Phase 

Davenport 
(1990) 

Hammer 
(1993) 

Muthu 
(1999) 

Bruno et 
al. 
(1998) 

Tait 
(1999) 

Develop business vision 1 1 1  1 
Determine important metrics     2 
Implement a change management plan    Separate 3 
Identify processes to be redesigned 2 1    
Map the process  2 2   
Choose the process to re-engineer  3 3 1 4 
Understand the current processes 3 4  2 5 
Identify IT levers 4     
Identify affected and involved parties    Separate 6 
Design and build a prototype of the new process 5   3 7 
Re-engineer the process  5    
Implement the re-engineered process   4 4 8 
Improve process continuously   5 5 9 

From Table 2.10, it appears that human resource issues were included only in the HEI re-

engineering procedures. This could be the result of widespread recognition of other failed re-

engineering efforts and acknowledgement by developers of the reasons why the projects failed. 

Both the HEI procedures were defined after other re-engineering efforts failed and BPR received 

negative publicity in the mid-1990s (Davenport, 1995a; Bergey et al., 1999). Some studies argued 

that academia are not ready for re-engineering and see it as a limitation of the academic freedom 

that allows them to do things as they seems fit. Allen and Fifield (1999) argue that change is smooth 

if it is done on the administrative side of the institution.  
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The five activities that are prominent in Table 2.10 for all the procedures include: 

1. Definition of a goal statement. 

2. Identification of processes. 

3. Selection of process to be re-engineered. 

4. Re-engineering activity. 

5. Quality control. 

The procedure should also make provision for some consideration of change management and 

quality control, e.g. the inclusion of metrics. Furthermore, re-engineering or process re-engineering 

is a complex task and should be supported by management; otherwise it is doomed to failure. There 

are a number of tools and techniques available to support the different steps in the re-engineering 

effort, such as METIS, DPA, Cosmo and Workflow Charter.  

2.4.3 Theory of constraints  

Re-engineering focuses on the process, and changes to the processes. A related field introduced by 

Goldratt 1992 is theory of constraints (TOC) (Goldratt & Cox, 1992). This section investigates the 

way that TOC can contribute towards the re-engineering of an environment.  

2.4.3.1.1 Introduction to theory of constraints 

Theory of constraints is a management philosophy introduced in ‘The goal: A Process of Ongoing 

Improvement’ (Goldratt & Cox, 1992). It is based on the notion that each organization has a goal 

and that everything works together to achieve that goal. TOC introduces the activities that work 

together as a chain of events where the chain is as weak as the weakest link. The purpose of TOC is 

to find the weakest link and to eliminate it. TOC was originally developed for the manufacturing 

environment and only later extended to the business environment. Goldratt and Cox (1992) 

proposed the five step process of on-going improvement as follows: 

1. Identify the constraint where the analyst searches for the weakest link in the chain of events. 

2. Exploit where the focus is on how to get more production with the existing capacity. 

3. Subordinate include the channelling of the materials needed next from a non-constraint 

resource. 

4. Elevate where other ways are investigated to increase the capacity if there is still a constraint. 

5. Go back to step 1.  



 

 

Chapter 2: Theoretical Framework 56
 
 

The TOC Center (2001) released an eleven-step TOC Performance Improvement Process for 

putting TOC into practice. The TOC Performance Improvement Process is built on ‘the recognition 

that changing people’s mindset and behaviour is the fundamental obstacle to any lasting 

improvement effort’ (2001:3). The steps proposed by the TOC Center are as follows: 

1. Define the objective. 

2. Develop a broad awareness of the process and concepts. 

3. Define the system’s throughput channel. 

4. Map the critical component of the overall system. 

5. Analyze the system’s capacity. 

6. Quantify the system potential and actual performance. 

7. Identify the leverage points. 

8. Establish improvement teams. 

9. Select/develop solutions. 

10. Implement solutions. 

11. Measure. 

There are some success stories about companies that used TOC to enhance their production. For 

example, a project was successfully completed by the Clowes Group in England in 1999 in which, 

by the end of the first quarter, the revenue was already 150% more than anticipated (AGI, 2005). 

Similarly, the AGI (2005) assisted with change management in the United States Air Force 

Healthcare System6.  

2.4.3.1.2 Theory of constraints and re-engineering 

Although TOC was developed by Goldratt & Cox (1992) for the manufacturing environment, if 

mapped to the steps in the re-engineering environment, there is a correlation between many of the 

steps used in re-engineering for businesses, those used in re-engineering for the HEI environment 

and the steps identified for TOC as illustrated in Table 2.11.  

 

                                                 

6 For the interested reader, more case studies are available at the Goldratt’s Institute website at http://www.goldratt.com/. 



 

 

Chapter 2: Theoretical Framework 57
 
 

Table 2.11: Re-engineering in BPR, HEI and TOC 
BPR HEI TOC Step / Phase 

Davenport 
(1990) 

Hammer 
(1993) 

Muthu 
(1999) 

Bruno et 
al. 
(1998) 

Tait 
(1999) 

TOC 
Center 
(2001) 

Develop business vision 1 1 1  1 1 
Determine important metrics     2  
Implement a change management plan    Separate 3  
Identify processes to be redesigned 2 1    2 
Map the process  2 2    
Choose the process to re-engineer  3 3 1 4 3 
Understand the current processes 3 4  2 5 4 
Identify IT levers 4      
Identify affected and involved parties    Separate 6 8 
Design and build a prototype of the new 
process 

5   3 7 9 

Re-engineer the process  5     
Implement the re-engineered process   4 4 8 10 
Improve process continuously   5 5 9 11 

Eight of the eleven processes from the TOC can be mapped to similar activities either in the re-

engineering of the HEI or the business application domain. It is therefore possible to conclude that 

the TOC is a form of re-engineering applied in the manufacturing environment.  

The concept that I am particularly interested in is the identification of the constraint within TOC. In 

re-engineering in businesses and HEI there is an activity, ‘choose the process to re-engineer’. 

However, in the theory not much is written on how to choose the process to re-engineer. TOC uses 

a technique that is based on the concept of Throughput and Demand covered in steps 5, 6 and 7 of 

the TOC process (TOC, 2001). It is clear that these steps are not covered in any of the re-

engineering efforts and there is therefore, a gap in the existing approaches with regard to the 

selection of the process to be re-engineered.  

If there is a relation between TOC and re-engineering in other application domains, as shown in the 

table above, it should be feasible to apply the concepts of Throughput and Demand in HEI in the 

step, ‘Choose the process to re-engineer’.  

2.4.3.1.3 Identification of constraints 

In the remainder of this section I discuss the theory related to the concept of Throughput and 

Demand in a manufacturing environment. In section 4.3.2.1.1 I will investigate the feasibility of the 

use of these concepts in a re-engineering effort.  
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The three steps not included in the re-engineering procedures, steps 5-7, focus on the identification 

of the constraint, using Throughput and Demand to determine the constraint. According to Onirik 

(2000) it is known that ‘when dependent events occur in combination with statistical fluctuations 

the fluctuations accumulate at the lowest possible Throughput – because the dependency limits the 

opportunities for higher fluctuations. The maximum speed of any whole process is the maximum of 

the slowest part or subprocess of the process. A capacity constraint (or bottleneck) is any resource 

or subprocess whose capacity is equal to or less than the demand placed on it. And the goal is to 

balance flow through the process with demand from the market (not to balance according to 

capacity)’. 

The reasons for constraints differ in different application domains. The constraint could be a pile-

up, or it could be that there are not enough resources to handle the work, or that some resources are 

doing nothing while another resource is doing all the work due to poor resource distribution. In a 

manufacturing or production environment it is very easy to find the constraint, walk through the 

process chain and see where the work is piling up (Onirik, 2000). In the HEI it is necessary to 

identify the different processes and to found out where the problem areas are using the capacity 

theory.  

2.4.4 Overview: process re-engineering 

The focus of the second research question was on the usability of the process model structures 

identified in the first research question and more specifically, the usability in the re-engineering of 

the HEI application domain. In section 2.4, the current literature on re-engineering was investigated 

with the focus on both the business application domain and the HEI application domain. The 

existing procedures available for re-engineering in HEI are based on the original BPR procedures 

defined for the business application domain. A gap in the procedures available is the identification 

of the potential process to be re-engineered. A possible solution is the use of TOC where the focus 

is on the Throughput and Demand as discussed in 2.4.3.  

One problem is that there are no procedures currently available for the investigation of the usability 

of generic process model structures in an effort such as the re-engineering of processes.  The theory 

on re-engineering discussed for the business application domain, the HEI application domain and 

the concepts discussed on TOC are used in Chapter 4 to propose a procedure to answer the second 

research question. 



 

 

Chapter 2: Theoretical Framework 59
 
 

2.5 PROCESS PRESERVATION 

The last research question addresses the preservation of the process model structure. The underlying 

concepts in preservation are reusability, classification and the repository. An overview of reusability 

is given in section 2.5.1. The classification of systems is discussed in section 2.5.2 followed by a 

discussion in section 2.5.3 on the preservation of processes in repositories. 

2.5.1 Reusability  

The Merriam-Webster (2005) Dictionary defines reuse as ‘to use again especially after reclaiming 

or reprocessing’. The preservation of objects for reuse is nothing new; the earliest form of reuse of 

information is the stories told and re-told for generations. Books were the next form of storing 

information for reuse and until very recently, the only way to preserve information. With the 

computer revolution starting in the 1950s, a new form of preservation evolved through data storage 

on computer disks. The most popular way of storing data was, and is still, through the use of 

databases. Even today it is still the most efficient way to store data especially for large numbers of 

records, e.g. student records in a university or patient records at a hospital. In a programming 

language, reuse refers to ‘the use of some pre-existing product, e.g. existing requirements, design, 

code, test software, and documentation’ (Firesmith & Eykholt, 1995:395). 

The term ‘reusability’ became popular with the introduction of the object-oriented paradigm. The 

first two languages that used object-oriented concepts were Simula I and Simula 67 in 1967 (Dahl 

& Nygaard, 2002). In the early 1980s C++ was developed, which is still one of the most popular 

object-oriented programming languages today. Many of the concepts used in Simula were also used 

in the C++ programming language, including the reusability of components.  

The relationship between reusability and generic structures is very important (generic structures 

were discussed in section 2.3.5). A generic structure implies reusability. The opposite is not 

necessarily true; a reusable structure is not necessarily generic. 

2.5.2 Classification of systems 

Generic structures are also related to the classification of systems of various domains. Classification 

of systems is used to name the world and its pieces that relate to the world. It provides a language 

for the scientific population and a system through which the knowledge of the world can be 

organized and stored (Malone et al., 2003). Among the well-known classification systems used 
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The process models stored in the Process Handbook are accessible through the Phios software 

(Phios, 1999) developed by the Phios Corporation (section 2.5.3.2).  

As mentioned previously, the MIT process repository is used as a guideline in this study for  the 

preservation of process models, because it supports the concept of reusability and specialization of 

generic structures also used in object-oriented methods. Furthermore, it focuses on the organization 

of knowledge, which is not supported in other organizational models such as those of Cohen March 

and Olsen (1972) or, more recently, Masuch and Lapotin (1989), which focus more on the 

simulation of knowledge (Malone et al., 2003). The MIT process repository also provides access to 

the process models, which may be changed, added or deleted.  

The MIT process repository concepts discussed above are illustrated in Figure 2.6, where the 

process model representation is used as a guideline in the development of the physical structures, 

which are in turn accessible through the Phios software from a computer system.  
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Figure 2.6: Components in the MIT process repository 
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The MIT repository representation is discussed in more detail in section 2.5.3.1, which is followed 

by a discussion on the Phios Model used to access the process models stored in the repository in 

2.5.3.2. 

2.5.3.1 MIT process repository representation  

Section 2.5.3.1 and section 2.5.3.2 are based on information retrieved from the MIT Process 

Handbook (Malone et al., 2003), the Phios white paper (Phios, 1999), Phios website 

(www.phios.com) and articles published by a different authors on the MIT process repository.  

Specialization and parts of the process 

The MIT process repository representation uses the specialization concept to show how process 

models can be inherited. The MIT process repository representation extends existing process 

mapping techniques and, not only uses the break-down of a process into subprocesses or parts, but 

also defines different types for the process. Authors involved in research in the MIT process 

repository regularly use the Sell Product example to describe the process repository representation 

for specialization of the processes (Klein & Myers, 1999; Malone et al., 1999a; Phios, 1999; 

Malone et al., 2003). The process representation of Sell Product is given in Figure 2.7. 
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Figure 2.7: Generic sell product (Malone et al., 2003) 

In this representation the Sell Product is broken down into parts, also called ‘subactivities’ or 

‘subprocesses’. The subprocesses include the identification of potential customers, to inform 

potential customers, to obtain an order, deliver a product and to receive payment. For each generic 

process representation (such as Sell Product) it is also possible to map the representation to special 

cases of the process. For example, Sell by Mail Order and Sell in Retail Store are examples of 

special cases for the generic Sell Product (Figure 2.8).  
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Figure 2.8: Parts and Specializations 

The concept that the MIT process repository supports is based on inheritance used in object-

oriented development. According to Firesmith and Eykholt (1995:203) inheritance is the 

‘incremental construction of a new definition in terms of existing definitions without disturbing the 

original definitions and their clients’. In inheritance, the child class (subclass) inherits the properties 

from the parent class (superclass). For example, in an IT company employees could either be full-

time employees or contractors. In the case of full-time employees the employee will receive a 

salary. In the case of a contractor, the employee will receive a payment at the end of the month 

based on his hourly wage and the hours that the he worked (Figure 2.9). 
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Figure 2.9: Employee types in an IT company 

In this example, the subclasses Full-time employee and Contractor inherit the Number, Name and 

Contact details from the superclass Programmer. The Full-time employee also has an additional 

attribute Salary and the Contractor includes two additional attributes, Hourly rate and Hours 
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worked. The Full-time employee and Contractor are called specializations of Programmer. If the 

diagram is read from the top-down, object-orientation refers to the concept of generalization. 

Generalization is the ‘process of creating a generalization from one or more specializations’ 

(Firesmith & Eykholt, 1995:183). In our example, the Programmer is a more general element than 

the Full-time employee or the Contractor. Therefore, the Programmer is a generalization for Full-

time employee and Contractor. 

Therefore, in the MIT process repository representation the Sell by mail order and the Sell in retail 

store inherits the Sell Product from the parent. Both are specializations of Sell Product and it is 

possible to deduce that Sell Product is the more general structure, or the generalization. There are, 

however, two minor problems with the way that Phios represents the structure. 

Problem 1: Notation used in MIT process repository 

The first problem with this model is that the authors used object-oriented concepts but do not 

represent the model in object-oriented notation. UML is the standard object-orientated notation for 

the Object Management Group (OMG). UML was accepted as a standard after three well-known 

authors with different methods merged their efforts to create one standard language (Jacobson et al., 

1999). The first author was Booch (1996) who created the Booch method. He was joined by 

Rumbauch (1991), who was the principal developer at the General Electric Research and 

Development Center of OMT (Object Modeling Technique). In October 1995 they released version 

0.8 of the Unified Method at Rational. Jacobson who was also well-known for his efforts in object-

orientation (Jacobson, Ericsson & Jacobson, 1995), joined Rational during this period and soon 

afterwards version 0.9 was released. The latest version available is 2.0 and it is available for 

download at the OMG website at www.omg.org. 

In the 2001 specification7 (OMG, 2001a:3-86), generalization is ‘shown as a solid-line path from 

the child (the more specific element, such as a subclass) to the parent (the more general element, 

such as a superclass), with a large hollow triangle at the end of the path where it meets the more 

general element’. Generalization is illustrated in Figure 2.10. 

                                                 

7 In 2003 UML 2 was released that did not include a similar example, therefore the notation is illustrated from the 2001 

release. 
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Figure 2.10: Generalization relationship 

Note that the hollow triangle points towards the more general class, or the parent. In the notation 

used by Malone et al. the arrow points away from the parent.  

Problem 2: Changes in the specialization 

Another difference between true object-oriented use of inheritance and the MIT process repository 

representation is that the MIT process repository representation allows changes to the parts of the 

specialization. To describe this in more detail, it is first necessary to look at the notation used for a 

class (Figure 2.11).  

Details suppressed

Implementation-level
details

Analysis-level details

 
Figure 2.11: Class Notation (OMG, 2001a:3-37) 

Process models relate to the analysis level of the class notation where the data and methods are 

displayed in the class. In the example above, the Window class has two attributes, size and visibility. 

It also has two methods, display() and hide(). If a subclass inherits from this class, it will inherit all 

the attributes and the methods. For example, if there are two subclasses Blinking_window and 

Wave_window for the Window class that display a window on the screen, both these will inherit the 

ability to display and to hide (Figure 2.12). 
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Figure 2.12: Two subclasses inherit methods from Window class 

In the example, the Blinking_window subclass will also be able to ‘blink’ and the Wave_window 

will be able to ‘wave’. The programmer is allowed to add methods and attributes to the subclasses 

and he is allowed to change the way that the two windows are displayed and hidden (methods 

inherited from the superclass), but he is not allowed to change the function of the method. If the 

function was to display the window, the window must still be displayed, irrespective of the inner 

workings of the program manipulating it to display. The result should only be a window that is 

displayed on the screen.  

In the MIT process repository example, the authors allow a change to the function of an inherited 

subprocess. For example, Sell in Retail Store inherits from Sell Product the subprocess Wait on 

customers. The function in the original process structure was to inform clients, which is done in the 

Sell by Mail Order specialization. But in the Sell in Retail Store specialization the function is not to 

inform, but to wait. This is a change in the original intention of the subprocess (Figure 2.13).    
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Figure 2.13: Specialization changing the function of the inherited process 
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These two issues are addressed in more detail in section 4.3.3. In section 2.5.3.2 the management of 

the process models through the Phios software is discussed. 

2.5.3.2 Management of the process models 

The MIT process repository (Malone et al., 2003) uses a compass to show in the vertical dimension, 

the conventional way of representing processes through subactivities. In the horizontal dimension 

the MIT process repository representation shows the analyzing of processes according to their type 

(Figure 2.14).  

 
Figure 2.14 : Compass Explorer (Phios, 1999) 

 

The Phios software developed to manage the process structures supports this notion and from any 

activity in the repository one can either go up to larger activities, of which this one is a part, go 

down to subactivities, go right to the different types of activities or go left to the different activities 

of which this one is a type. There are two issues related to the use of the Phios software that support 

the MIT process repository: the data (also called ‘processes’ or ‘activities’) and the management of 

the data.  

In the examples used in the Phios software, the existing data are based on five generic processes 

defined by the creators of the MIT process repository, including design, purchasing and inbound 

logistics, production, sales and outbound logistics, and general management and administrative 

functions. According to Malone et al. (2003), they used the discussion given on generic business 

process models from Davenport (1993) and other resources to identify these processes as the 

generic business processes. No detail is given on HOW they decided that these were the five 

generic processes. They do not even mention Porter’s (1985) value chain theory in their Process 

Handbook (Malone et al., 2003). In comparing the two approaches, one should realize that the 

views are different. Although Malone et al. (2003) claim that these are the generic processes, they 
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do not claim that these processes are predominant in the business domain. They also say that ‘many 

such views are possible, and they are all functionally equivalent, so it would not make sense to 

claim that any particular set of generic business processes is definitely or intrinsically superior’ 

(Malone et al., 2003:29). I agree with this viewpoint, but am of the opinion that finding generic 

procedures should advance the reusability concept. of the Process Handbook provides for different 

viewpoints it may extend the flexibility but limit the uniqueness and therefore the usability thereof.  

The Process Handbook extends these concepts to a taxonomy of four very general activities 

including: Create, Destroy, Modify and Preserve (Malone et al., 2003). According to them, these 

general processes can occur for any kind of object. They simply call this the most promising 

approach used to date, without giving any formal justification for the inclusion of these four 

activities. 

Although the purpose of this study is not to discuss the Phios software, some of the functionality of 

the Phios software is discussed as necessary background information for further discussions in 

Chapter 7. The Phios software is available on the web at http://repository.phios.com/SCOR/ and is 

accessible free of charge after registration on the system. The Licence Agreement gives users 

permission to view, use, copy and distribute information in the Phios Process Repository (Figure 

2.15). 

 
Figure 2.15: The Phios Process Repository licence agreement (Phios, 2005) 
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The Sell Process described in the MIT process repository is used to illustrate the use of the 

Compass Explorer in the Phios software. In accessing the repository a search for Sell will list the 

different activities associated with Sell.  For example, Sell, Sell Product, Sell Service and Sell to 

Business. For each process the options in Figure 2.16 are available.  

 
Figure 2.16: Functions available for the Sell process (Phios, 2005) 

A user may view related processes, join a discussion on the specific process, print the detail of the 

process, view a list of ideas generated from other processes that are similar to the one viewed, be 

notified of updates to the process or search for more information on the process. The user can also 

explore the process using the Compass Explorer, which relate to the theory available for the MIT 

process repository abstraction previously discussed. If you click on the Compass Explorer, the 

description of the process will appear with the Compass Explorer as a clickable navigation on the 

left-hand side (Figure 2.17). 

 
Figure 2.17: Sell Process view through the Compass Explorer 

If the user clicks on the Generalization, Specialization, Parts or Uses dimension on the compass, he 

will be guided to one of the four screens with more information on these components for the Sell 
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Process. For example, in Figure 2.18 a screen display is given of the Specializations listed in the 

repository for Sell Process.  

 
Figure 2.18: Specialization for Sell Process view through the Compass Explorer 

The software uses question guidelines such as ‘Sell to whom?, ‘Sell what?’ and ‘Sell who?’ to 

categorize the specializations. 

One of the concerns briefly discussed previously is that there seems to be duplication in the 

repository. If you do a search on Design, two processes, both called Design, appear in the list of 144 

options retrieved (Figure 2.19). Duplication is something that is to be avoided in a database and in 

relational databases one of the prime concerns is the elimination of duplication through 

normalization (Rob & Coronel, 2004).  

 
Figure 2.19: Duplication of the Design process in the Phios process repository 
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2.5.4 Overview: process preservation 

Process model structures can only be reused if they are preserved and stored. The third research 

question focuses on the preservation of the generic process models structures (related to Research 

Question 1), which are used in efforts such as re-engineering (related to Research Question 2). In 

this section, reusability and the classification of systems are discussed. An existing representation of 

the preservation of business process model structures was discussed in section 2.5.3.  

Business process model structures are successfully stored using the MIT process repositories, but, 

the existing abstraction and notation used for the abstractions are not standardized. Some 

suggestions are made in Chapter 4 on how to adapt the notation. 

2.6 SUMMARY 

This Chapter commenced with a motivation for the research in section 2.2 where the current 

changes in the HEI application domain were emphasized and the importance of the three research 

questions discussed. The theory related to the three research questions were discussed in sections 

2.3 to 2.5.  

In dealing with the first research question, the different concepts in the process model structure 

were discussed, including the process, process modelling, the notation, the identification of the 

process model structure, the identification of generic structures and process modelling tools. As 

regards the second research question, re-engineering was discussed from a business perspective and 

from an HEI perspective. The relationship between TOC and re-engineering was investigated and 

the concept of TOC constraint identification investigated as a possibility in re-engineering processes 

within the HEI application domain. Lastly, in relation to the third research question, reusability and 

classification of systems were discussed, followed by an overview of process repositories. Two 

problems were identified in the current use of the MIT process repository representation, which will 

be addressed in Chapter 4 as part of the discussion on the preservation of a process model structure 

within the HEI. 
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33..  CCoonntteexxttuuaall  AAnnaallyyssiiss  

3.1 INTRODUCTION 

Chapter 3 provides some background on the activities that I was involved in at the UNISA with 

regard to the implementation of technological innovations. The activities are divided into two sub-

categories. Firstly, there are those that contributed to the study before definition of the research 

questions. These include activities that contributed to the background knowledge obtained before 

initiation of the study and thus played an indirect role in the research. These are called preliminary 

activities and discussed in section 3.2.  

The second group of activities are those that I was involved in after the research questions were 

defined with the aim of understanding the higher education application domain. Note that although 

this was done at a DEU, the differences between the residential and distance education institution 

should not have an impact on the outcome of this study. This is due to the fact that the common 

denominator is learning where only the deliverance mechanisms in which this are accomplished, 

may differ. In information systems, the activities related with the ‘understanding of an environment’ 

are referred to as structured analysis (Whitten et al., 2000) and is discussed in section 3.3 under the 

heading ‘Structured Analysis’. 

3.2 PRELIMINARY ACTIVITIES 

As a lecturer within the School of Computing at the UNISA, I was exposed in the early 1990s to the 

use of the web as a teaching delivery environment. Two activities that contributed to my personal 

contextual background on the topic were my involvement as module leader in modules where we 

used the web as a support structure and, on an organizational level, my involvement as web 

representative for the department. These two activities are discussed in section 3.2.1 and 3.2.2. 

3.2.1 Module head: development of web-based courses (1995-2000) 

My first introduction to the use of technology in higher education was as module head of a number 

of courses. Between 1995 and 2000 the web grew enormously as a teaching tool and several 

predictions were made to the effect that this technology would have a significant impact on learning 

in the future (Laurillard, 1993; Katz & Oblinger, 2000). As a module leader involved in different 
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modules at the university, I held discussions with colleagues on the future of e-learning innovation 

in higher education. In 1999 there were three distinct groups in our department, the early adopters, 

the indecisive and the late adopters. 

The early adopters were people actively involved in the development and implementation of 

course material although they have not specifically been asked to do so. People in this group used 

HyperText Markup Language (HTML) to create and update the websites for the courses that they 

taught. Mostly web servers were self-maintained and web pages were static and changed 

periodically. Guidelines in the field of human computer interaction (HCI) for websites were 

rudimentary and often developers made bad choices with regard to colours and fonts on websites. 

Early adopters were very intolerant about University initiatives to implement e-learning guidelines. 

In discussions with a number of people in this group, the general feeling was that they knew what 

they were doing and should not be bothered with guidelines. This group did, however, contribute 

tremendously to initial initiatives at UNISA to investigate the use of e-learning technologies. Some 

meetings were held with representatives from the different departments involved in e-learning, with 

management representatives, and computer services (implementation department). 

The indecisive group was not really interested in the hype surrounding e-learning initiatives and 

would ignore any meetings or discussions on this topic. They did not feel any responsibility for 

decision-making and considered this a ‘new’ technology that would disappear or play a small role 

in future, like the use of other media such as video technology or satellite broadcasts. This was the 

group that later on converted easily to the adoption of these technologies once they grasped the 

advantages thereof. 

The third group, the late adopters, was the largest group. This group was the group that didn’t want 

any changes made to the way that things ‘are currently done’. They were totally against the 

introduction of any innovation and believed that the current way of teaching was the best for 

students. Reasons for not changing to e-learning included the unavailability of technology, the 

price thereof and the duplication of work already included by means of paper-based media. 

In a short survey done in 1999, out of a total of 27 respondents in the School of Computing, 7 

(26%) were in the early adopters group, 8 (30%) in the indecisive group and 12 (44%) in the 

unfavourable group. This clearly showed that most of the people concerned were against the use of 
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technology as learning medium in a distance learning environment. The main reason behind this 

was the belief that it will create more work. 

These results can be related to research done by Rogers (1995) in the mid-nineties. He introduced 

five adopters called innovators (2.5%), early adopters (13.5%), early majority (34%), late majority 

and laggards (16%). The adopting rate of the adopters is graphically depicted in Figure 3.1.  
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Figure 3.1: Rogers adopters curve 

It is possible to relate the three UNISA groups previously described to Rogers’s five categories of 

adopters. Rogers’s innovators and early adopters were described in my survey as early adopters. 

The indecisive group described at UNISA maps to the early majority in Rogers model. Similarly, 

Rogers refers to late majority and laggards whereas I used the term late adopters in my survey 

(Table 3.1). 

Table 3.1: Mapping at UNISA 
Rogers Model  Model described at UNISA 
Innovators 
Early adopters 

 Early adopters 

Early majority 
 

 Indecisive 

Late majority 
Laggards 

 Late adopters  

After discussions with various interested parties and involvement in the lecturing of an on-line 

certificate course, an article was published on the problems encountered during the implementation 
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and maintenance of an e-learning environment (Van der Merwe & Cloete, 2000).The paper was 

written from a practical perspective on e-learning initiatives, and focused on problems in virtual 

administration, the generation of study material, communication, assignments, assessments and 

feedback. 

3.2.2 Departmental web representative (1997-2000) 

During 1997-2000 I acted as the departmental web representative. In meetings related to web 

development, representatives were in favour of using technology in the institution. The reason for 

the positive approach was that most of the representatives were early adopters and could therefore 

see the positive results of using the web as a teaching delivery tool in higher education. Meetings 

were held quarterly or on demand and during these meetings representatives were invited to become 

involved in activities such as the selection and evaluation of Learning Management Systems (e.g. 

WebCT) and the testing of web activities.  

One of the main concerns raised and confirmed by different authors (section 1.1), was that there is a 

lack of the preservation of documentation on the structures of the HEIs, which may assist the 

development team during technological innovations. This is one of the reasons why this study was 

initiated: to investigate the preservation of structures Human Computer Interaction.  

3.3 STRUCTURED ANALYSIS 

In the re-engineering of environments, the development team looks at the institution from different 

viewpoints. In constructing a database, the database administrator may only be interested in the data 

captured, while the financial administrator may only be interested in actions that involve financial 

transactions. This project focuses on the improvement of processes in higher education using 

technological innovations. This includes people, products, data, services and most importantly, the 

processes. During definition of the research questions, I was only familiar with a limited number of 

processes at the university. Before I could really start to focus on the problem domain, I needed to 

understand the framework of the higher education domain.  

One of the activities directly related to the modelling of course material that contributed to this 

knowledge, was my involvement with the UML task team. The goal of the team was to look at the 

possibility of using UML as a communication interface between content specialists and information 

technologists.  An overview of the UML project team activities is given in section 3.3.1. 
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Figure 3.2: Snapshot of a UML use case diagram created as part of the UML Project team 

3.3.2 The distance education university structure (2000-2001) 

There are many definitions of what a university is and how it operates.  For the purposes of this 

study, a University is an institution that prepares students to become thinking and educated people 

within a learning environment. University staff is involved with research efforts to contribute to the 

knowledge pool through publication activities and is involved in service activities. The university is 

a monetary entity (Van der Merwe, 2001:1).  

Institutions such as universities may be viewed from different perspectives. Financial departments 

view the institution from a financial perspective and develop financial models to study financial 

indicators. Human resource departments view the institution from a different perspective and will 

use different information from the institution to determine human resource needs. System 

developers may view the institution from a product point of view; typically with the aim of looking 

at the deliverables returned to the community, for example educated students and publications. The 

focus in this initial structured analysis was to look at the DEU from a product point of view.  

The DEU product view is discussed in terms of the interaction of four basic components, namely 

support and infrastructures, role players, products, and management functions (Figure 3.3).  
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