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ABSTRACT 

People around the world who are working in companies and organisations need to collaborate, 
and in their collaboration use information managed by different information systems. The 
requirements of information systems to be interoperable are therefore apparant. While the 
technical problems, of communicating or sharing information between different information 
systems, have become less difficult to solve, the attention has turned to other aspects of 
interoperability. Such aspects concern the bussiness processes, the knowledge, the syntax and 
the semantics that involves the information managed by information systems. 
Enterprise modelling is widely used to achieve integration solutions within enterprises and is 
a research area both for the integration wihin an enterprise (company or organisation) and the 
integration between several different enterprises. Enterprise modelling takes into account 
several of the aspects, mentioned as important for interoperability, in the models that are 
created. 
This thesis describes a research which has resulted in the connector view concept. The main 
contribution with this framework comprises a model structure and an approach, for 
performing the modelling of the collaboration between several partners in an extended 
enterprise. The purpose of the enterprise models thus created, by using the connector view 
concept, is to find solutions to interoperability problems, that exist in the collaboration 
between several enterprises. 
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Chapter 1  
 
Introduction 

 

In this thesis several topics are brought together to investigate how enterprise 
models can be used to facilitate inter-operation between several companies 
and/or organisations. Thus such topics as information systems, enterprise 
modelling, knowledge management, networked enterprises and in particular 
extended enterprises and interoperability will be in focus. The introduction in 
section 1.1 relates the background for what brings these topics together and 
make them relevant for the researched problem. It has also been necessary in this 
background to relate the position and standpoint of this thesis in order to 
motivate why it has been written. This background is important in order to 
present the research questions in section 1.2 and in order to describe, in section 
1.3, the contribution this work has to the research community. This is then 
followed by a list of the authors articles in section 1.4.  

1.1 Background, motivation and problem formulation 

Information systems are highly sophisticated software, often specifically 
developed within an enterprise in order to manage specific needs. These 
information systems play an important role in almost all situations for the 
enterprises of today e.g. for managing the organisation, decision making,  
controlling the production or product development. Large organisations and 
enterprises encounter a situation where several information systems run in 
parallel, each one with a specific purpose. Several examples can be given: In the 
medical service organisation there exist separate systems for electronic health 
records, clinical lab systems and diverse administrative systems; In 
manufacturing companies different systems are used for designing products, 
testing products, managing manufacturing-, procurement-, administration- and 
sales processes. Traditionally information systems have been designed to only 
manage the information internally within the system and not to be able to 
integrate with other systems. In order to rationalize and make their activities 
more efficient enterprises are internally striving to integrate the information 
managed by the systems they are operating.  
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In this context we find the term interoperability which has been defined as “the 
ability of two or more systems or components to exchange information and to use the 
information that has been exchanged” (IEEE, 1990, p. 42). In order to cope with 
problems to achieve interoperability, companies and organisations have taken 
steps such as point–to-point integration of single systems or building a middle- 
ware layer through which several systems may be integrated, denoted enterprise 
application integration (EAI) (Lee, Siau & Hong, 2003). In other cases the 
companies and organisations have decided to abandon the previously used 
information systems and take a more holistic approach such as using enterprise 
resource planning (ERP) systems (ibid; Markus, & Tannis, 2000). However 
interoperability is still problematic even when newer technologies (such as web 
services) are used, and interoperability has become increasingly important as can 
be seen from the numerous and increasing number of research articles, 
conferences, projects and also standards handling various aspects of 
interoperability (Chen & Doumeingts, 2003; Chen, Doumeingts & Vernadat, 
2008; Jaeckel et al, 2005; Vernadat, 2007 ). 

1.1.1 The extended meaning of interoperability 

What has become clear during the recent years is that interoperability has a 
much broader meaning than was previously thought of. From being mainly a 
technical issue involving network technology and network protocols for physical 
connection of different systems it now also involves semantic aspects of the 
communicated information and organisational aspects (Daclin, Chen & 
Vallespir, 2006; Vernadat, 2007). This is a natural development since software 
systems have developed from standalone applications, devoted to one specific 
task, to complex systems that are able to manage complexities in modern 
companies and organisations. This development has been possible due to the 
technological development of computers. At the same time knowledge 
management has become important, leading to an awareness that these issues 
also need to be handled in the integration between systems. This awareness has 
thus made it necessary to take a holistic approach to enterprise integration “[...] 
that takes into account the business strategy as defined by the enterprise vision, 
the business process definition and enactment, and the design and operation of 
interoperable enterprise systems as supported by a relevant and efficient IT 
infrastructure.”(Vernadat, 2007, p. 138).  

This view on interoperability is more reflected in other definitions given on 
interoperability, such as the definition given by the IDEAS project: 
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Interoperability is “[...] the ability of interaction between enterprise applications. 
The interoperability is considered achieved if the interaction can, at least, take 
place at the three levels: data, application and business process with the 
semantics defined in a business context.” (IDEAS, 2003, as cited in Daclin, Chen 
& Vallespir, 2006).1 

1.1.2 Interoperability aspects in the networked organisation 

In this thesis the extended enterprise is the main type of collaborative 
organisation where interoperability is studied. The extended enterprise is a form 
of networked organisation where several companies act together in order to gain 
a competitive advantage. Other forms of networked organisations are supply 
chains and virtual organisations.2 In such a collaboration between several 
companies, as in an extended enterprise, it becomes necessary to share 
information about products and product development procedures. This becomes 
difficult for several reasons:  

 There can exist proprietary information that a company cannot reveal to 
other companies.  

 A company may participate in several extended enterprises where 
competitors are involved which makes it necessary to protect the 
information shared within one extended enterprise from competitors 
engaged in other extended enterprises. 

 Information appear in different formats, created by different software 
systems within the different companies. 

                                                 
1 Whitman describes interoperability from four different aspects or levels as he calls it: Technical, 
Syntactic, Semantic and Pragmatic. To achieve (total) interoperability it is required to achieve 
interoperability on all four levels (Whitman & Panetto, 2006). The European Interoperability 
Framework describe three levels on which interoperability should be achieved: technical level, 
semantic level and organizational level (Vernadat, 2007). Both of these ways of describing 
different levels of interoperability illustrates the need to take into account different knowledge 
perspectives of interoperability. 

2 The underlying idea specifically for an extended enterprise is that each company should  
concentrate their activities on a narrow range of products and services and by combining their 
activities with the activities of other companies it is possible to accomplish the more complex 
products required by the market (Childe, 1998). Thereby each company will streamline their 
production, cut unnecessary costs and optimise development of new products. Together the 
companies in the “extended enterprise allows a firm to take advantage of external competencies 
and resources without owing them” (Jagdev & Browne, 1998, p. 219). In the extended enterprise, 
in contrast to the supply chain, the organising company want to “[...]understand the means by 
which their vital raw material items and piece parts are delivered to them for use in 
manufacture” (Childe, 1998, p. 320). 
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 There may exist semantic differences in how the terminology is 
interpreted within the different companies. 

 There will exist inter-organisational processes that span across the 
boundaries of the collaborating enterprises and these processes are not 
captured in the respective enterprise models for the companies. 

The mentioned obstacles or complicating factors for sharing information may 
cause interoperability problems in the extended enterprise (Zwegers & 
Eschenbächer, 2002).3 

1.1.3 Interoperability in the context of enterprise modelling 

Enterprise modelling tries to capture into models the knowledge about the 
objectives, processes, organisation, roles, resources and concepts, that are of 
interest for solving particular problems within an enterprise or a network of 
collaborating enterprises. The purpose of enterprise modelling may vary. In 
some cases the purpose is merely to help in developing a new information 
system or to perform organisational changes within the enterprise. In such cases 
the modelling process, as such, is as important as the models in order to capture 
the knowledge managed in the enterprise, and bring consensus about the 
requirements and the organisational changes. In other cases the models are 
meant to be maintained during the life-time of a system or a project for e.g. 
developing a product. In such cases the model should change according to the 
changes of the real world entity that is modelled in order to monitor and control 
these changes (Bernus, 2001). A third aspect is when models actively are used to 
change the real world entities as in active knowledge models. In such cases the 
                                                 
3 Interoperability problems become apparent in the context of the extended enterprise. This can 
be seen both in the industrial and in the healthcare sector where automated processes often are 
restricted within particular organisations. Between these organizational units there are little if 
any automated processing. This often shows as a need to transfer information manually between 
systems and is often not even recognized as an interoperability problem for two reasons: The 
organizational borders are strong in limiting what can be done concerning IT-investments, 
security solutions, proprietary information etc.; These steps that need to be processed manually 
have been dealt with manually for a long time and there are built in routines that regulate how 
they should be done. This reveals both semantic and pragmatic interoperability problems. 
Technical interoperability is today supported in many ways by technical solutions, however 
companies do not know how to utilise this to its full extent due to insufficient planning and 
forecasting of their activities. This especially concerns how companies and organisations can 
collaborate (Eschenbächer & Duin, 2009). Vernadat advocates and describes possible technical 
solutions and methodologies to adopt service oriented architecture, which has shown promising 
progress during the last years (Vernadat, 2007). There are however several aspects that requires 
further attention, such as security issues, composition of services and how to deal with semantic 
interoperability. 
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model is a part of the real world entity. The knowledge that the model comprises 
is what the users actively work with when they are working with real world 
entities (Lillehagen & Krogstie, 2008).4 An analysis of what experienced 
modellers regard as important when using enterprise modelling revealed two 
main purposes (Persson & Stirna, 2001, p. 4): “One concerns developing the 
business, e.g. developing business vision, strategies, redesigning business 
operations, developing the supporting information systems, etc. The other deals 
with ensuring the quality of the business, primarily focusing on two issues: 1) 
Sharing the knowledge about the business, its vision, the way it operates and 2) 
ensuring the acceptance of business decisions through  committing the 
stakeholders to the decisions made”. 

The driving force for companies and other organisations to use enterprise 
modelling is the complexity they are facing. This complexity appears internally 
within the enterprise as well as externally between enterprises. Internally a 
company e.g. has to meet the requirements  of high quality products at low cost, 
and at the same time develop the products faster and thereby reduce time-to-
market (Vernadat, 2002 a). Large companies and organisations like hospitals 
often have difficult internal organisational issues to handle, in order to optimise 
the managerial tasks within the enterprise5. External complexities arise e.g. when 
a company needs to develop new products which require special knowledge 
from other companies. A somewhat different example of external complexity 
exists for coordinating the healthcare work between different organisational 
units. The complexities here are multi-faceted and include legal aspects, 
information security aspects, aspects on the semantic meaning of medical terms 
as well as the dynamic work situation (Berg, 1999; Haak et al, 2003). Enterprise 
modelling is used to elucidate several aspects of integration in the enterprise. 
One particular aspect of integration is interoperability of information systems 
within the enterprise. The interoperability problems internally within the 
enterprises has in fact been a major research focus during the last decade (Chen, 
Doumeingts & Vernadat, 2008).  

                                                 
4 Due to the different purposes with enterprise modelling there exists a multitude of enterprise 
modelling architectures, languages and tools. This has created a tower of Babel situation hence 
there is a need for integration between models created by different modelling languages. This is 
especially important in order to be able to reuse models, building model repositories, and also to 
be able to integrate models from collaborating enterprises. 

5 The term enterprise here has the meaning of company or other organization. Similarly enterprise 
modelling can be used to model a company or any other organization. 
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The tendency in the global market is that companies try to narrow down and 
concentrate their operations and search for fruitful collaborations with other 
companies. This both opens possibilities and places a burden on the companies, 
especially on SMEs.6 It makes it possible for the companies to widen their market 
by participating in different networked organisations. On the other hand to be 
competitive, besides being knowledgeable in their area, they also need to adopt 
to this way of doing business.  

 A possible solution to this kind of situation can be described as the need of 
placing an integrating layer that may “[...] define a mechanism to bind relevant 
processes that exist between internal and external systems in order to support 
the flow of information and logic between them [...]”(Linthicum, 2004, p. 61). 
Further it “[...] is best defined as applying appropriate rules in an agreed-upon, 
logical, multistep sequence in order to pass information between participating 
systems and to visualize and share application services, including the creation of 
a common abstract process that spans both internal and external systems” 
(Linthicum, 2004, p. 13). The citations points towards a problem area which 
requires to be researched further.7 Despite the technical solutions that already 
exist for implementing integration solutions, there is a need to define and specify 
how to develop this kind of integrating layer between several collaborating 
enterprises. 

Enterprise modelling, which has shown to be useful in solving integration 
problems internally within the enterprises, is thus an interesting subject also for 
solving interoperability problems in the extended enterprise. 

                                                 
6 SMEs have to a large extent relied on larger companies as being part of the larger companies 
supply chain. There are several factors that make it problematic for SMEs to adopt enterprise 
modelling: There are high costs for managing tools and assigning time for personnel; The tools 
and methodologies to use them are not fully mature, and not easy to learn and understand; In 
order for enterprise modelling to pay off it is necessary to be devoted to its use otherwise the 
resulting models and modelling work will not be useful; The diversity of tools and 
methodologies make it difficult to choose the right one, and since the different partners in the 
same supply chain may be using different tools there exists a complexity of sharing the models 
created by these tools; The same SME is often part of several supply chains where the larger 
organising companies may demand the use of different tools and methodologies in the different 
supply chains. 

7 Cross-organisational business process modelling and cross enterprise collaboration has received 
specific attention during the last years both among researchers and industry. See e.g. the article  
(Berre et al., 2007) and conferences in business process management 
(http://www.bpm2010.org/conference-program/workshops/cecpaw10/  or  
http://tinyurl.com/cecPaw2010 , Available 2011-08-12).  
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1.1.4 Previous experiences as background knowledge and motivation 

The context and topics described in sections 1.1.1 to 1.1.3 above, which all are 
well underpinned from literature, are important as motivation for this thesis 
work. However, I cannot deny the importance  previous work with 
interoperability problems in the healthcare sector has had for my interest in the 
subject of this thesis. The motivation comes from working as an engineer 
maintaining and developing medical information systems. 

A survey of all information systems at that time in the particular hospital 
showed that over 100 systems were used, almost none of them having any 
connection to each other. During this period in the mid 90’s XML was not fully 
developed yet, however partial knowledge about this promising technology was 
around. This served as an inspiration for a couple of pilot projects to make point 
to point integrations using an XML-like syntax. In order to make these 
integrations it was necessary to establish a mapping between the terminology 
used at the departments having the information systems. This showed some of 
the problems related to the semantics necessary for making such an integration. 
Even within the same hospital the same term may mean different things. It may 
be slight semantic differences but yet important to recognize. The work with 
these projects revealed many problems related to interoperability. These projects 
also showed the work that is necessary in order to specify, plan, organize all 
people, do the programming work, decide how and when to put into operation, 
etc. It became a good example of the extended meaning of interoperability 
experienced live. During this period there was a continuous discussion about 
how to integrate information between different system, not only the different 
medical information systems but also lab-systems.  

In a wider perspective the question about what makes up the patient’s medical 
journal comes into focus. Basically all relevant information that is important for 
the treatment of the patient should be included in the patient journal. In that case 
it is not sufficient to delimit the integration work to only within the hospital. It is 
necessary to extend the integration between hospitals nationwide and also 
internationally. Extrapolating the experiences from integration work within one 
hospital to an international perspective gives an idea about the tremendous work 
that is necessary to achieve such an integration. At that time our idea about 
interoperability did not conform to the extended view of interoperability, rather 
the transfer of data between systems. However the notion of the complexities 
apparent showed that it was not only a matter of communicating data between 
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systems. In the wider perspective it became apparent that it is necessary to also 
take into consideration the collaboration between people in this integration. I 
regard these previous experiences as knowledge that contribute to motivate the 
work with interoperability. 

1.2 Research questions 

In the context of interoperability in extended enterprises, and the use of 
enterprise modelling for achieving this, this thesis focuses on the following 
research questions.8  

RQ1. What interoperability problems does the extended enterprise face? 

RQ2. What characteristics do enterprise models need to express in order to 
facilitate interoperability solutions concerning the extended 
enterprise? 

RQ3. In what way can enterprise modelling be supported by an enterprise 
modelling method in order to solve the interoperability problems in 
the extended enterprise? 

The intention with RQ1 is to provide the necessary background knowledge of 
typical interoperability problems that can be encountered in a collaboration 
between different partners. This is a background knowledge which is necessary 
in order to proceed with RQ2 and RQ3. RQ2 and RQ3 cover two aspects of 
enterprise modelling. In order to find the proper content and structure of the 
models it is necessary to know what characteristics are needed to be expressed in 
these models. Also it is necessary to know how to design these models and 
thereby explore what methodological support can be given by enterprise 
modelling. 

1.3 Contributions 

The main scientific contribution of this thesis is manifested through what is 
called the connector view concept.9  It can in short be described as providing a 
way to model the interrelationships between the different companies 
participating in an extended enterprise. The main purpose with this concept is to 
offer the collaborating partners in an extended enterprise with the framework 
and the modelling approach, within the domain of enterprise modelling, for 

                                                 
8 The research questions are more thoroughly discussed in section 7.2. 

9 The connector view concept is described more thoroughly in chapter 5.  
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achieving an interoperable solution in their collaboration. The framework 
provides the principle structure of the models and consists of the different 
viewpoints provided through the connector view concept. Such a viewpoint is 
basically a definition of the structuring elements that can be modelled in a view 
based on the viewpoint. The modelling approach defines how to model these 
views. The model, which would result from using the connector view concept in 
a real case, would consist of: 

 A collaboration view in which collaboration between several partners is 
modelled. 

 A supporting view for each partner which connects between the 
collaboration view and an enterprise model for respective partner.  

The structure of the views and their interrelationships allow the dynamic 
properties required in such a model. 

1.4 Related papers by the author 

The research presented in the dissertation is further presented in two book 
chapters and three conference papers. However it has in the thesis been possible 
to write much more about the context for the research. It has for example been 
possible to reflect more on the research approach used and to reflect on 
properties found in the cases that form the background for research project.  

Here follows the list of publications: 

 Carstensen, A., Sandkuhl, K., Holmberg, L. (2008). Towards a 
Methodology for Modeling Interoperability Between Collaborating 
Enterprises. In proceedings from: 10th International Conference on 
Enterprise Information Systems, Barcelona (2008). 

 Carstensen, A., Holmberg, L., Sandkuhl, K.,Stirna, S. (2008) Integrated 
Requirement and Solution Modeling: An Approach Based on Enterprise 
Models. In Halpin, T., Krogstie, J., Proper, E. (eds.) Innovations in 
Information Systems Modeling: Methods and Best Practices. IGI Global, 
(ISBN 978-1-60566-278-7), pp. 89-105. 

 Carstensen, A., Holmberg, L., Sandkuhl, K. (2008) Supporting 
collaboration in an Extended Enterprise with the Connector View on 
Enterprise Models. Proceeding of First IFIP WG 8.1 Working Conference, 
PoEM 2008, Stockholm, Sweden, November 2008. 
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 Carstensen, A., Holmberg, L., Sandkuhl, K. (2009). Modelling 
Interoperability in Networked Organisations with the Connector Concept. 
In proceedings from: 13th IFAC Symposium on Information Control 
Problems in Manufacturing, Moscow (2009). 

 Carstensen, A., Levashova, T., Sandkuhl, K., Shilov, N., Smirnov, A. 
(2011). Knowledge Supply for SME – Networks: Application Cases and 
Selected Technical Approaches. In Cruz-Cunha, M. M., Varajão, J. E. (eds) 
E-Business Issues Challenges and Opportunities for SMEs: Driving 
Competitiveness. Business Science Reference, IGI Global, Hershey (ISBN 
978-1-61692-880-3), pp. 149 – 172. 
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Chapter 2  
 
Research methodology 

When trying to approach the different domains of research methodologies it 
becomes apparent that there are some fundamental questions that have occupied 
scientists in trying to define what scientific knowledge is and what can be 
regarded as scientific research. To give a rightful overview of this subject is 
difficult and perhaps out of scope for the purpose of this thesis. The positioning 
of this thesis as a hermeneutical and pragmatic approach is discussed in section 
2.2.  
This chapter will however start with some unpretentious reflexions concerning 
philosophy of technology and theory of science in section 2.1. These reflexions 
form a background for developing a specific methodological approach used in 
this thesis. Then in section 2.3 and 2.4 two research approaches relevant in the 
context of the thesis will be described: case study and design science research. 
After that in section 2.5 follows a description of how these approaches have been 
combined in the particular research work for this thesis. 

2.1 Reflexions on philosophy of technology and theory of 
science 

Philosophy of technology seen from the engineering tradition as well as from the 
humanistic tradition is thoroughly discussed in (Mitcham, 1994). Basically the 
different sides are somewhat at odds about how to articulate their concern about 
technology. The most interesting point of discussion to present here is how 
empirical data are used in scientific or technological research and how these 
empirical data are related to the development of theories. There are two attitudes 
named the “idealist” and the “materialist”, distinguished by Don Ihde. “The 
former understanding technology as growing out of science and the latter 
viewing science as emerging from technology” (Ihde cited in Mithcham, 1994, p. 
97). Don Ihde together with Larry Hickmann and others have established what is 
called the pragmatic phenomenological approach to technology. In this approach 
“the priority of practice over theory” is emphasized but also “technology is both 
intelligence and value”, meaning that “there is no difference in logical principle 
between the method of science and the method pursued in technology” and 
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engineers as well as scientist are responsible “for the uses to which their work is 
put” (Mitcham, 1994, pp. 73-74). The pragmatists also argue that theory about 
technology in science is something that has emerged slowly from applying 
technology. (“Out of technical processes and slowly accumulating skills, out of 
combinations and recombinations of the tools and expertise of many people 
came the eventual theoretical organization of technology into science” (Cohen 
cited in Mithcham, 1994, p. 72)).  

Worthwhile is also to mention Ernst Kapp, Peter K. Engelmeier, Friedrich 
Dessauer and Mario Bunge as those who from the engineering perspective have 
developed thinking about philosophy of technology however mostly from a 
positivistic view (see Mitcham, 1994, pp. 20-38).  

The earliest empirism (Locke, Berkeley, Hume) views experience as the (only) 
base for all knowledge. The positivistic view of science grew out of empirism 
and uses induction as the way of stating theories. Meaning that from a few 
observations it is possible to establish facts that provide a solid base for 
establishing the theories. On the other hand a reaction against the view that 
observations comes before theories emerged when Karl Popper introduced that 
theories should be falsifiable. “A characteristic of inductive arguments that 
distinguishes them from deductive ones is that, by proceeding  as they do from 
statements about some to statements about all events of a particular kind, they 
go beyond what is contained in the premises. General scientific laws invariably 
go beyond the finite amount of observable evidence that is available to support 
them, and that is why they never can be proven in the sense of being logically 
deduced from that evidence.” (Chalmers, 1999, p. 45). Popper argued that 
theories always have to stand the continuous risk of being falsified and can 
never be regarded absolutely true. A theory thereby is a hypothesis about the 
truth. “An hypothesis is falsifiable if there exists a logically possible observation 
statement or set of observation statements that are inconsistent with it, which, if 
established as true, would falsify the hypothesis.” (Chalmers, 1999 p. 62). A true 
supporter of falsification also argues that the higher the risk for the hypothesis of 
being falsified the stronger will the impact of the hypothesis be on the scientific 
domain. “If a theory is to have any informative content, it must run the risk of 
being falsified” (Chalmers, 1999 p. 65). Another way of expressing this 
relationship is given by the following citation: “A research design that is built on 
the dominant propositional knowledge in the field deepens understanding of the 
subject of the research. However, it maintains the status quo by not challenging 
the current structure of knowledge within the field. Alternatively, the 
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phenomena within the field may be studied using a contrasting design. Such a 
design would develop new understandings and insights into the subject of the 
research” (Fox, Martin & Green, 2007, p. 38). There is an inherent problem with 
the view of falsification since a bold conjecture, that is put under hard criticism, 
can seem to be falsified, but is so due to illegitimate reasons. The test of a 
conjecture is often too complex to be described by a simple causal relationship 
between facts. Most systems in nature must be described by complex 
relationships using feedback loops. This is also true in other contexts such as 
how machines (including computers), organisations and economical systems 
function. It is also true that conjectures that once was highly falsifiable will 
gradually as time passes become more and more accepted, due to confirmations 
of the theory, and thus less vulnerable for falsification. However there is no way 
of measuring how falsifiable a conjecture is and there is no guidance what theory 
should be falsified (Chalmers, 1999). 

The problems with falsification led Kuhn to introduce the paradigm concept and 
Lakatos to further develop this into research programs. Both of these concepts 
use a core of theories that are surrounded by theories supporting the core. The 
purpose with this construction is to resemble the way scientific work is 
progressing. The core contains theories such that they will resist the attempts of 
falsification. It is the supporting theories that are the targets for falsification and 
only when the supporting theories are falsified to the extent that the core is 
totally undermined will the paradigm or the research program be exchanged. 
Although the concepts paradigm and research program today often are used it is 
difficult to exactly determine what actually constitutes a paradigm or a research 
program and what exactly can be acceptable as the core theories of it. Also when 
exactly should it be abandoned and exchanged with a new paradigm or research 
program (Chalmers, 1999). 

The reflections given above show that there is large variety of views scientists 
have taken on the essence of science. However this is merely a top-down view. If 
we instead take a bottom-up view we will see that scientific work and how it can 
be practically performed has developed differently in different domains. In 
natural science it is traditionally regarded that experiments and quantitative 
methods based on statistical evaluations supposedly give the true answer. In 
these scientific paradigms researchers are unused to regard the value rendered 
from qualitative methods. On the other hand in social sciences qualitative 
methods are commonly used scientific approaches. However there is a saying 
that there is no rule without an exception. It has become more and more 
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been studied. The healthcare case and the industrial case described in chapter 4 
are such case studies, which partly give the background knowledge. It also refers 
to case studies performed for evaluating the partial research results. These 
partial research results are iteratively achieved through what can be regarded as 
a hermeneutic cycle, where knowledge in  the problem domain is interpreted in 
order to construct or reconstruct concepts in the research result. The hermeneutic 
cycle should be considered as a spiral where the researcher’s understanding of 
the researched problem is gradually enhanced and thereby also the researched 
concepts are gradually improved. This gives the methodological approach a 
pragmatic nature since it is the practical consequences of the partial research 
results that guide the construction or reconstruction of the concepts of the 
research results. 

In this thesis case study and design science research have been combined. Design 
science research since the research involves the design of models, regarded as 
design artefacts. The designed artefact in the research is not primarily the  model 
of a specific collaboration between companies/organisations. Rather the target 
for the research is the approach and the principal structure of the models. Hence 
the research performed in this study is directed towards qualitative research 
using case studies to investigate and evaluate both the principal model structure 
and the approach for performing the modelling. 

2.3 Case study research 

 A case study is an empirically grounded research which “investigates a 
contemporary phenomenon within its real-life context” (Yin, 2003, p. 13), and is 
used to systematically capture and organise relevant information for studying 
the specific phenomenon. It is important to restrict the case study to a specific 
domain of interest for the researched phenomenon. However the means for 
collection and analysis of the information can vary depending on the purpose 
with the case study. A case study that is quantitative in its nature uses statistical 
means for analysis of data in order to show the significance of a hypothetical 
statement. The qualitative study uses interpretation of the sources in their 
contexts in order to reveal the important features and their mutual 
correspondences. This has the implication that the researcher becomes the most 
important tool for the collection and analysis of the information, in a qualitative 
study. Case studies, in contrast to experimental studies, do not specifically study 
the relationship between a cause and its effect and therefore do not require the 
manipulation of certain variables in a controlled way (Meriam, 1994). 



Chapter 2 – Research methodology 

 16 

2.4 Design science research 

Science in later time is encompassing technology and there is a stronger sense for 
theories developed from technology and for the technological designing of 
artefacts. There is also now a stronger sense for the environment where the 
designed artefacts are put to work. Behavioural science is therefore also engaged, 
although from different perspectives, in the design of artefacts. 

Design science as a research paradigm is especially involved in solving problems 
related to the design of artefacts. As such it seeks to “extend the boundaries of 
human problem solving and organizational capabilities by providing intellectual 
as well as computational tools”. For a designed artefact: “Theories regarding 
their application and impact will follow their development and use” (Hevner et 
al., 2004, p. 76). Research would not be research if the result does not contain any 
news. Likewise in design science the research needs to provide artefacts that give 
new knowledge on how to solve specific problems. Routine design, based on 
already known knowledge, is separated from design science research. Within the 
area of Information Technology (IT) design science research has been used 
extensively. How then can artefacts evolved from design science be described? 
“IT artefacts are broadly defined as constructs (vocabulary and symbols), models 
(abstractions and representations), methods (algorithms and practices) and 
instantiations (implemented and prototype systems)” (Hevner et al., 2004, p.77). 
Another definition taken from the realm of social constructive pragmatism is 
that “[...] an artefact is something that is created by human beings [and] which 
don’t exist naturally in the world [...]” and further it is regarded as “[...] 
something that can be instantiated as something with physical and/or social 
properties. Examples of artefacts are; computers, software, methods, models, 
norms, attitudes, values.” (Lind et al., 2008, p. 5).   

In design science research there are basically two activities the first how to 
design a specific artefact and the other how to evaluate the designed artefact. 
Since it concerns the design of an artefact which exhibits a news-value there will 
at least in the beginning exist some degree of uncertainty about the nature of the 
artefact to design. This contrasts to natural science where discovery of a 
phenomenon and building a theory about the phenomenon and proving the 
correctness of this theory are the main activities. Owen (1998) describes a model 
for how knowledge is generated and accumulated in the design process. It uses a 
cyclic procedure with a knowledge building process and a knowledge using 
process, see figure 2.2 The channels in the figure represents the “systems of 
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convention and rules under which the discipline operates” (Owen, 1998, p. 11). 
The iterative procedure is gradually increasing knowledge by actively using the 
available knowledge in the design of an artefact and then evaluating the artefact 
in each cycle. 

 

Figure 2.2   General model for generating and accumulating knowledge. Adapted from 
(Owen, 1998). 

The cycle for creating knowledge described by Owen resembles quite well the 
hermeneutical spiral in the methodological approach used in this thesis, as 
described in section 2.2. What is not explicitly shown in the model by Owen is 
the process of identifying and defining the problems to be researched. 

Takeda et al. (1990) has proposed a design cycle with five different process 
phases: Awareness of problem; Suggestion; Development; Evaluation and 
Conclusion. This design cycle is illustrated in figure 2.3. Compared to Owens 
knowledge cycle (in fig. 2.2) it is possible to identify the knowledge using 
process as the path from awareness of the problem to the development of an 
artefact using a design solution. The knowledge building process is knowledge 
captured during the development phase and also knowledge captured during 
the evaluation phase, in the return path, where remaining problems in a partial 
solution are evaluated (Takeda et al., 1990; Vaishnavi & Kuechler, 2008 pp. 11-12, 
19-22). 

 

Knowledge Works
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Channel
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Figure 2.3  Design cycle proposed by Takeda et al. (1990). 

2.5 The applied research process in this thesis 

The research process combines as mentioned previously both case study and 
design science research. When it concerns the case studies three separate cases 
have been studied: the healthcare case (described in section 4.1); the industrial 
case from automotive industry (abbreviated the industrial case, described in 
section 4.2); and the first case for evaluation of the connector view concept 
(abbreviated the E/KA case, described in chapter 6). These three case studies 
come in as part of the design science research performed. Relating to the 
methodological approach described in section 2.2 and figure 2.1 the healthcare 
case and the industrial case are case studies that have acquired background 
knowledge that motivates and have helped in defining the problem to be 
researched. The E/KA case study has been applied in the  evaluation phase of 
the first cycle of the research process. In the following it is described how the 
design cycle by Takeda, previously described, has been adapted to suit the 
applied research process of this thesis and how the case studies fit into this 
process. Before going into details however remember that the main targets for 
the research are: (a) The principal model structure of an enterprise model for 
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and knowledge from the modelling work performed. The results from the case 
study is therefore twofold and consists of both the models for elaborating the 
interoperability between the collaborating enterprises and also the evaluation 
results which are the input for enhancing the connector view concept. During 
this evaluation process the modelling performed as well as the models created 
need to be interpreted in order to decide changes in the connector view concept.  

The applied research process consists of two cycles of the DCR, combined with 
one integrated design cycle of DCDP for evaluating the partial research results 
(See figure 2.5).  

 

Figure 2.5  The design cycle for the applied research. Based on the Takeda design cycle 
(Takeda et al., 1990) but adapted for the research purpose with the connector 
view concept. 

In the first cycle of DCR the interoperability problems related to the healthcare 
case and the industrial case are identified and a preliminary approach for 
applying enterprise modelling is developed. (Enterprise modelling would, 
according to Owens terminology for the design cycle, correspond to the 
discipline  of the channel for the knowledge using and the knowledge building 
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processes). The evaluation of the first cycle is in itself a design cycle (DCDP) for 
the modelling performed in the E/KA case as described above. The results from 
evaluating this case is then the input to the second cycle of DCR, where initial 
problems in the modelling approach and the structure of the views used in the 
connector view concept are identified. This leads to ideas that the viewpoints 
should be extended in such a way that the independence of the collaborating 
partners can be enhanced. Also by studying another design of a methodological 
approach some inspiration is caught as a suggestion for further development of 
the approach for modelling of the connector view concept.  In the development 
phase that follows as well the existing viewpoints as the existing modelling 
approach are enhanced based on the ideas from the suggestion phase. The 
results from this phase is basically what is presented in chapter 6. The evaluation 
phase in the second cycle of the DCR is part of future research and may consist 
of a similar case as the E/KA case, where models are created in a design cycle in 
an extended enterprise based on the enhanced connector view concept. 
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Chapter 3  
 
Theoretical framework 

It has already been mentioned in chapter 1 that there are some topics that are of 
particular interest for this thesis. This chapter intends to give the theoretical 
framework of these topics that builds the foundation of knowledge this thesis 
rests on. The topics that particularly need to be described are enterprise 
modelling presented in section 3.2, interoperability presented in section 3.3, and 
networked organisations presented in section 3.4. Each one of them form 
research domains of their own, but there are as indicated in chapter 1 
connections between them, both as overlapping knowledge and interests. The 
research described in this thesis concerns the design of models for capturing the 
interoperability between several enterprises that collaborate in extended 
enterprises (which is one type of networked organisation). Therefore it is 
essential to consider the task to design the necessary models; how to perform 
such a design and decide what parts the designed models should consist of 
presented in section 3.1. It is thus essential to form the synthesis of design 
integrated with enterprise modelling, interoperability and extended enterprises 
presented in section 3.5. 

3.1 Design and design science what is that? 

When studying design in the context of design science it becomes clear that there 
is no consensus among scientists about how theory is related to design (Broberg, 
2009). Hooker (2003) argues that theoretical treatment of design issues become 
complicated since design is a practise. This view is supported from thinkers 
within philosophy of science10  which argue that “practical knowledge is 
logically prior to theoretical knowledge, and that it makes no sense to speak of 
understanding practise theoretically” (ibid, p. 7). This is illustrated by using the 
distinction between three different kinds of knowledge:  techne, episteme and 
phronesis.11 Techne is the technical knowledge (or skill) i.e. how to do things 
once you know what is to be done, episteme is the theoretical knowledge and 
                                                 
10 Jürgen Habermas, Hans Georg Gadamer, Richard Rorty, Richard Bernstein 

11 Originally distinguished by Aristotle. 
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phronesis is the knowledge that gives the ability to use the theoretical 
knowledge in order to judge which technical knowledge to use (ibid). Many 
research domains such as chemistry and physics concern specific phenomena for 
which it is natural to build a theoretical framework that shows a causal 
relationship between the theory and the empirical data in these domains. 
However domains such as design, medicine (in the meaning of clinical practice) 
and management do not study phenomena in the same way and it is therefore 
not possible to talk about a theoretical framework as for chemistry and physics 
(ibid). Hooker (2003) argues for another way of defining a theoretical framework 
within design science which uses what he calls a teleological explanation that 
“explains and predicts the behaviour of functionally described objects” (ibid, 
p.14). This can be interpreted as giving an explanation of the design experience 
through a functional description of (i.e. a description of the effect of ) the 
designed artefact, thereby motivating the design. Design science is however not 
yet in the position to determine a  design theory that is common for all types of 
design (ibid). 

Interpreted for the purpose of this thesis it can be regarded that theories from 
theoretical frameworks other than design science can be integrated with the 
experience from design work and design science research in order to build a 
theoretical framework that can be useful in a particular type of design and 
design science research.  

As said in the beginning of this section it is considered difficult or impossible to 
construct a theoretical framework that explains a certain practice such as clinical 
work in medicine, nursing, teaching, management, social work (to mention some 
practices) and also design work, since it is a practice. In these practices the 
professionals make judgements how to solve difficult problems and these 
judgements are based on both their previous experiences of working in the field 
and on the theoretical knowledge from supporting sciences.  

Fox, Martin & Green (2007) presents in what they call practitioner research a 
discussion about professional knowledge as the basis for supporting professional 
judgements. They have identified from literature studies four different 
components of professional knowledge of which two are of interest here (Fox, 
Martin & Green, 2007, p. 26): 

 “Propositional knowledge: knowledge of content [that] concerns the 
underlying theoretical basis of practice”. 
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 “Process knowledge: the process in which professionals engage whilst 
practising”.  

Even though this takes the practitioners point of view it does that in the context 
(the discipline) of the professionals. It thereby indicates and supports the idea of 
integrating theoretical knowledge from different disciplines (collected as 
propositional knowledge) and integrating this knowledge with  knowledge 
generated from the practice of the professional (collected as process knowledge). 

3.1.1 The impact of design and design science on the theoretical framework in 
this thesis 

From the thinking about design and design science one can ask: how has this 
influenced the research presented in this thesis? Figure 3.1 shows by a 
conceptual model how this thinking has been interpreted within this thesis. In 
the figure knowledge is represented basically within two frames. The dashed 
rectangle in the upper part represents theoretical knowledge from the research 
domains of enterprise modelling, networked organisations and interoperability. 
The dashed rectangle in the lower part of the figure represents knowledge within 
the framework that supports the design.  

What does the phrase ‘theoretical framework that supports the design’ mean? 
The framework consists of knowledge necessary in order to: create and enhance 
the connector view concept, in the research process; and use the connector view 
concept when modelling interoperability in the extended enterprise. This 
knowledge is supported in two ways as indicated by the arrows marked (a) and 
(b) in figure 3.1. Arrow (a) denotes influences from theoretical knowledge within 
the fields of enterprise modelling, networked organisations (such as extended 
enterprises) and research related to interoperability.  

The connector view concept consists of both: (as the first part) a prototype which 
explains the model structure and the modelling elements; and (as the second 
part) the approach describing how to develop the different views to be modelled 
when using the connector view concept in a real case. The arrow marked with 
(b) in figure 3.1 indicates that the practice where the connector view concept is 
put into operation also influences the design of the two parts, the prototype and 
the approach, in the connector view concept. This arrow is the result of as well 
the experiences from the process to develop the models as the results from 
analysing the developed models.  
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It can be questioned if interoperability as such should be considered as a 
research domain, since interoperability is always considered to interact between 
two or more systems. On the other hand there is no research domain that does 
not entangle any other research domain. By studying interoperability and 
interoperability problems it is possible to deduce common characteristics of 
interoperability and interoperability problems. Finding such commonalities 
promote regarding interoperability as a research domain of its own right, as 
indicated in figure 3.1.12 

Does the research that uses and partly develop the theoretical framework that 
support the design influence the theories in enterprise modelling, extended 
enterprises and interoperability? This has not been considered applicable yet, 
and has therefore not been included in figure 3.1. Such a feedback loop (from the 
lower part to the upper part in figure 3.1) would however occur if the results of 
the research would be more widely accepted and included in some sort of praxis. 

3.2 Enterprise modelling 

Enterprise modelling have evolved from the need to describe and understand 
the inherent complexity in modern enterprises. The problem that enterprise 
modelling is trying to master have several aspects. Particularly we can  speak of 
business-, knowledge-, and technological aspects. Each of these aspects have 
their parameters of interest to study. Enterprise modelling concerns not only to 
research these parameters but to understand the relationships and the 
correspondences that exist between these parameters. Table 3-1 illustrates  some 
of the numerous complexities or problems that enterprises are facing, by giving 
some examples. 

A definition of the term Enterprise Modelling is given by Vernadat (2002 a) in 
the following way: “Enterprise Modelling is the art of externalising enterprise 
knowledge which adds value to the enterprise or needs to be shared. It consists 
in making models of the structure, behaviour and organisation of the enterprise” 
(ibid, p. 15). 

  

                                                 
12 See section 7.2 for a further discussion of interoperability in relation to enterprise modelling 
and extended enterprises. 
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Managing skills: 

 Enterprises that grow fast have to employ workers with different skills 
and need to find a way to manage their demand of skills. 

 A similar situation is planning of a project where different phases in the 
project needs persons with different skills. If there are several projects 
running in parallel there can be a problem of scheduling persons on the 
different project tasks. If a project cannot be manned correctly the 
enterprise may not be able to fulfil its obligations towards its customers or 
may not be able to sustain development of their products in the long run. 

Managing Information and knowledge; Managing tacit knowledge: 

 Another problem often encountered is managing information regarding 
projects/products/testing procedures etc. that need to be available to 
different persons in the organisation. The often very complicated 
document structures used within the companies requires knowledge and 
experience concerning how they are structured. Often there exist a large 
amount of tacit knowledge about how the pieces of information actually 
are related and which person who need to know what and at what time. 

 A new employee in the company may have to learn from the colleagues 
where to find the pieces of information and how they are related. 

Managing organisational problems; Managing decisions in the organisation; 
Managing business processes with a holistic view on the enterprise: 

 An example of an organisational complexity visible within large 
corporations is that they have different organisational units for managing 
marketing, engineering, service etc. Often these organisational units 
maintain their own information sources and the management of 
respective organisational unit is “fighting” for the survival of their 
particular unit leading to a sub-optimisation of the work for the benefit of 
the whole corporation. Looking at a specific business process it would be 
possible to take actions to optimise it. However this optimisation might 
not be optimal solution when looking at all the business processes within 
the enterprise. 

Managing physical resources: 

 Belongs to the classical enterprise problems such as e.g. optimising the 
logistics of acquiring the needed materials for the manufacturing plants. 

Table 3-1 Examples illustrating complex problems that can be found in enterprises. 
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Historically enterprise modelling has its roots from the 1970’s in the 
diagrammatic methods for software- and database modelling. These methods 
where poor in representing the semantics of the enterprise and focused on 
enterprise entities, relationships and activities. Later methods were developed 
for semantic modelling of data and knowledge and also methods for formal 
models such as Petri Nets for analysis of system behaviour. Object Oriented 
methodologies and Business Process Modelling have had a major impact on the 
development of enterprise modelling (ibid; Bubenko jr, 2007). 

Enterprise modelling aim to provide the information necessary for generating 
solutions to problems such as those described in table 3-1. It does so by 
providing the methodologies and tools to analyse the enterprise by separating 
different concerns such as goals, problems, organisational architecture, business 
processes, information concepts, actors, resources and competences. All of these 
concerns can be modelled in different related sub-models providing a way to 
comprehend how different aspects are interrelated within the enterprise. The 
purpose for performing enterprise modelling depend on the type of problem(s) 
to be solved. In some cases the enterprise model as such is not the main target.  
Instead it is the modelling process. If e.g. the problems are related to the work 
situation in the enterprise, the modelling process may improve the 
communication among the stakeholders by using a participative modelling 
approach (Persson & Stirna, 2001). Other purposes where enterprise modelling 
can be used are (ibid):  

 To achieve or improve the consensus among the stakeholders about the 
business or organisational goals of the enterprise.  

 To facilitate organisational learning, which e.g. make the organisation 
adapt more quickly to situational changes.  

 To guide the evolution of the enterprise by analysing the enterprise and 
thereby defining necessary change needs and change measures.  

Complex problems often occur in companies that have grown to a size where the 
number of tasks have become impossible to overlook. Requirements such as high 
quality, low cost and short delays are known to be conflicting and they force the 
enterprise to look into its processes and change them. It is then necessary to find 
integrating solutions to the different problems that arise in the enterprise. The 
more decentralised way of working today makes the modelling even more 
challenging. At the same time information and communication technologies 
(ICT) have evolved that give new opportunities for the enterprises and their 
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decentralised units to integrate their processes and to facilitate cooperation 
between enterprises (Vernadat, 2002 a).  

3.2.1 Enterprise architecture frameworks for guiding enterprise modelling 

The problems encountered in enterprises have given rise to several different 
frameworks for guiding enterprise modelling. These frameworks are part of the 
theoretical knowledge of the research domain. 

An illustrative comparison can be made with the blueprints needed when 
building houses. In a similar fashion it is necessary for an enterprise to have a 
construction drawing. The architect constructing a blueprint for a house uses 
specific symbols and tools of outlining the blueprint. Similarly there need to be a 
language containing the symbols for detailing different parts of an enterprise 
and tools to make the models with. This demands a framework for enterprise 
modelling. 

Several such frameworks exist e.g. the Zachman Framework, CIMOSA, GRAI 
GIM, PERA, ARIS, C4ISR and GERAM  to mention some of the most well-
known.  

In this context will especially the GERAM i.e. the Generalised Enterprise 
Reference Architecture and Methodology be mentioned. This is a generalised 
framework, developed by the IFIP/IFAC13  task force and is based on three 
different enterprise modelling architectures (CIMOSA, GRAI/GIM and PERA). 
The task force has since 1990 been working with mainly to establish a set of 
requirements, necessary for an enterprise modelling methodology in order to 
perform the integration within the enterprise (IFIP-IFAC, 2003). The IFIP/IFAC 
task force has elevated the human- and process oriented concepts since these 
aspects have long been neglected, which often  has led to the “islands of 
automation” problems.14 GERAM may be used as a guiding architecture in order 
to set up and perform enterprise modelling, but the prime intention is to be a 
reference for other enterprise modelling frameworks. It is possible to diagnose 
the methodology, language and other architectural components of other 
frameworks and thereby find out what parts possibly are missing. On the other 
hand GERAM is intended to be the conclusion from the different existing 

                                                 
13 International Federation of Information Processing (IFIP), International Federation for Automatic Control 
(IFAC). 

14 The islands of automation problem is today denoting information systems that have difficulties 
to communicate information. It is therefore also to be considered an interoperability problem.  
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the “genericity” dimension. These dimensions are thought of as independent 
and illustrated with three perpendicular axes. The division of these dimensions 
into smaller sub-domains builds an architecture consisting of several 
compartments, so that you can speak about a specific view with a specific 
abstraction level in a specific life-cycle stage. The view dimension is a vital 
distinction in the framework. A view is created for a specific purpose and reveals 
only some parts of the complete model, thereby reducing the complexity of the 
model (see also section 3.2.2). This is an important theoretical aspect from the 
practical modelling situation. The framework is open for the  possibility to define 
other views that are more relevant for the intention of  and the use of the 
enterprise model. Not all compartments will be used when modelling a 
particular enterprise.  

Depending on the type of modelling project, its objectives and requirements, 
different parts of the framework cube are of interest to be used. In general only 
some parts of the cube will be necessary to build during modelling. In the early 
life-cycle stages the more generic abstraction level will be of interest while at the 
later stages the partial and particular abstraction levels are of more concern. This 
is similar to the GRAI/GIM framework which is comparable to the GERAM 
framework (Chen, Vallespir & Dougmeingts 1997). The results of the modelling 
activity will typically be particular models or reusable partial models. Some 
modelling activities may concern producing generic modelling entities as part of 
the modelling concepts or the modelling language to be used in further 
modelling activities (IFIP-IFAC, 2003). 

As shown in fig 3.2  there are seven different life cycle phases: Identification, 
Concept, Requirements, Design, Implementation, Operation, and 
Decommissioning. Identification means describing the entity and identifying 
boundaries and internal and external relationships for the enterprise entity. 
Concept is e.g. objectives and operational concepts. Requirements may concern 
necessities for the following phases of the life cycle especially things that need to 
be fulfilled for the design and operation of the entity. The design phase concerns 
specifying e.g. the human and machine related activities to build the entity and 
also to specify the operational processes. During implementation all the activities 
in order to build the entity are performed. This includes finding suitable 
software, hardware and personnel, training of personnel, testing and releasing 
into operation. One or several life cycle phases of one entity may depend on the 
operational phase of another entity. This way the life cycle of different entities 
may be dependent on other entities. 
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The main methodological approach is described by the seven life-cycle phases. 
This gives the intended overall order of activities to be performed in the 
enterprise integration project. It describes a generalized methodology within 
which more specific methodologies may be used. A specific project may 
however not necessarily comprise all the phases. Such a case can be that the 
identification and concept phases are not necessary if the project concerns the 
reconstruction of a previous enterprise entity. Also the order of the phases may 
be overlapping each other. Some of the requirements may be updated after 
starting the design phase and it may be necessary to perform some of the 
detailed design during the implementation phase. The IFIP-IFAC task force 
advocates that human oriented work is given specific attention. It is important 
for the stakeholders to become involved in order to correctly define the entity to 
be designed and implemented and also to promote a better understanding and 
acceptance from them. Especially should the design phase include a sub-phase 
for user oriented design including business oriented people. The life-cycle for 
enterprise entity is managed within a project using the available techniques for 
project management. Project management takes care of planning how to perform 
the different phases and also to control the budget frame of the phases in the life 
cycle. It is often necessary to take into consideration both economical and 
performance aspects in the design of the enterprise entity (ibid).  

In order to perform enterprise modelling it is crucial to use a modelling 
language, since the language specifies the basic building blocks and relationships 
that can be used for modelling. The GERAM framework however do not state 
any specific modelling language. The reason for this is that there is no single 
existing language that can cover all the possible areas in the dimensional cube of 
GERA-concepts. A specific methodology will require a specific language with a 
predefined set of modelling elements to be used. Examples are ARIS, CIMOSA, 
GRAI/GIM, IEM etc (ibid). 

3.2.2 Views and Viewpoints 

To describe the architecture and interactions of systems it is common to use 
views. This facilitates the understanding of the often very complicated 
architecture of systems. The view takes the perspective of specific stakeholders 
or roles and is therefore an abstraction of the relevant parts of the system in 
order to gain simplicity and overview for the stakeholders of the system. Views 
and their use for describing the architecture of systems has been standardised in 
ISO/IEC 42010 (ISO/IEC, 2007). For each view there is a defined viewpoint, 
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which conceptually defines the content of the view. A view is an instantiated 
viewpoint, similarly to an object as an instantiation of a class. According to the 
standard “each viewpoint should be specified by (ibid):  

 A viewpoint name. 

 The stakeholders to be addressed by the view. 

 The concerns to be addressed by the viewpoint. 

 The language, modelling techniques, or analytical methods to be used in 
constructing a view based  on the viewpoint. 

 The source for a library viewpoint”. 

3.2.3 Open Distributed Processing 

Reference Model of Open Distributed Processing (RM-ODP) is an ISO standard 
to structure the development of distributed systems, and is used in several 
contexts to achieve system integration and interoperability. An important part of 
RM-ODP is five different viewpoints: the enterprise viewpoint, the information 
viewpoint, the computational viewpoint, the engineering viewpoint and the 
technology viewpoint. An instantiation of such a viewpoint gives a specific view. 
An enterprise view describes the business model and includes business 
objectives, requirements, policies, organisation and processes. An information 
view should give a logical “object-based” representation of the distributed data 
and the constraints and possible manipulation of the data. A computational view 
describes the functions of components and their interfaces in the system, without 
regard to distribution. An engineering view describes the boundaries of the 
distribution in the system, defining communication mechanisms between the 
object-interfaces. A technology view describes where to apply specific 
technologies and how to do conformance testing of the system. Together these 
views describe the total model of the system, from different perspectives and 
levels of abstraction. The different views need to be consistent and 
correspondences must exist between the viewpoints that enable elements in one 
view to be derived from the other views. Albeit RM-ODP defines several 
correspondences there exist white spots especially concerning how the enterprise 
viewpoint corresponds to the other viewpoints. RM-ODP strives to be an open 
standard and therefore does not specify the languages to be used for specifying 
the different views. Different languages may be used as long as the consistency 
between the views is maintained, and the use of viewpoints is not restrict to the 
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five mentioned. It is possible to specify and add additional viewpoints if 
necessary (Putman, 2001; ISO/IEC, 2000). 

3.2.4 Variability Modelling 

Complex products offering a rich set of features to their users often cause a 
serious challenge to their developers: how to provide high flexibility with many 
possible variants for different application contexts and at the same time restrict 
the products complexity in order to achieve maintainability? Modelling and 
capturing this product complexity in enterprise models requires a combination 
of enterprise knowledge modelling and variability modelling (Berger et al, 2010). 
Two approaches for variability modelling are configurable components and 
feature modelling. 

The theory of configurable components is based on (Claesson, 2006). Its basic 
principle is that all products can be regarded as logical and interacting systems, 
and these systems can be built as sub-systems and components. Actually all sub-
systems and components are described as a hierarchy of configurable component 
models. 

Feature modelling offers an important contribution to variability modelling by 
capturing and visualizing commonalities and dependencies between features 
and between the components providing feature implementations. Feature 
models are frequently used in the area of technical systems and as elements of 
software product line implementations (Thörn & Sandkuhl, 2009). Feature 
models can be applied to the visible product features. These features are 
represented with the help of hierarchical feature trees together with their 
relations. Features can be of functional as well as of non-functional nature (Kang 
et al, 1990). 

3.3 Networked organisations 

Different forms of cooperation between enterprises are externalised in supply 
chains, extended enterprises and more recently virtual enterprises. These are all 
examples of networked organisations. The supply chain describes the whole 
process of transforming the raw materials into products and services and then 
delivering them to the customers. This includes several facets such as 
considerations to be taken for extracting raw materials , establishing a stable 
cooperation in order to guarantee a steady flow of supplies of materials and 
services, transportation and storage of products between different production 
units as well as to the final retailers of the products. The extended enterprise (EE) 
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is a term denoting several more or less loosely integrated companies that 
cooperate in order to gain mutual benefits, such as making the companies 
concentrate on their core business and outsourcing other activities, to make it 
possible to sharpen and proliferate their knowledge and skill assets in the 
domain of their core business (Farell, 2008). A comprehensive study of the 
extended enterprise is presented by Betitci et al (2005) where the following 
definition is given as conclusion from an extensive literature study in the subject 
matter: An “Extended Enterprise is a knowledge-based organisation which uses 
the distributed and intellectual strengths of its members to gain competitive 
advantage to maximize the performance of the overall extended enterprise” 
(Betitci et al, 2005). A major difference between the supply chain and the 
extended enterprise is that while each individual company in a supply chain will 
try to maximise their individual performance still the overall performance can be 
sub-optimised, whereas in the extended enterprise the joint activities from the 
partners strives to maximise the performance of the extended enterprise. Hence 
from the outside the appearance of an extended enterprise is transparent and can 
be comparable to a single enterprise. In addition the extended enterprise 
imposes the necessity of a flat decision structure where participants from the 
different partners take part, which also demands an effective knowledge sharing 
between the partners. Knowledge sharing and trust between the partners 
becomes very essential. For this purpose “the use of appropriate planning and 
coordination systems and tools, supporting communication facilities, that enable 
the team members to share information and to synchronise the activities, are also 
critical prerequisites” (ibid).  

Some of the requirements concerning the modelling environment of the 
extended enterprise are (Szegheo & Petersen, 2000): 

 The technology that support the modelling should allow that the models 
are distributed over the network and that collaborative modelling is 
allowed (in a multiuser environment). 

 It should be possible to build a global model, which is shared by the 
collaborating partners in the extended enterprise, from several sub-
models (originating from the contributing partners).  

 It should be possible to assign access rights to different parts of the global 
model. 
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 In order to reuse models there should exist functionality for storing, 
retrieving and searching models in a model repository. 

The virtual enterprise (VE) is compared to the extended enterprise characterised 
by a more temporary existence. It still has the same benefits in mind as the EE 
but has also the aim to enhance flexibility. One of the driving forces for 
establishing the concept of the VE is the development of information and 
communication technology (ICT) seen during the last two decades. Such 
development to be mentioned concerns techniques for e-collaboration, 
groupware systems, video conferencing systems and also the emerging use of 
web services (Fong, 2005). The VE was studied in the GLOBEMEN project. One 
of the results from this project is the virtual enterprise reference architecture 
(VERA) which is further development of the GERA component of the GERAM 
framework. The VERA component is incorporated into a framework VERAM 
(Virtual Enterprise Reference Architecture and Methodology) with the intention 
to capture the knowledge about how to organise VEs. In order to ease the 
formation of a VE it has been suggested to use an organisational structure which 
should include all partners that may participate in particular VEs. Certain 
researchers argue that the virtual enterprise is a temporary alliance that has its 
roots in the extended enterprise (Szegheo & Petersen, 2000), (Winroth, 2004, 
chapter 3.5, pp. 30 - 36). Whereas others specifically distinguishes what is called 
a breeding environment which is a specific constellation of companies 
(Camarinha-Matos et al., 2007). In such a breeding environment the companies 
need to have a preparedness for participating in a virtual enterprise project. In 
order to create the infra-structure of the breeding environment it is necessary to 
capture certain properties concerning the companies such as competencies, 
knowledge, capacities and availability (Tølle & Vesterager, 2003; Tølle, Zwegers 
& Vesterager, 2003). A VE project is triggered by an opportunity of selling the 
products that the network of enterprises are targeted towards. VERAM has the 
intention to identify and capture reusable models and model elements in order 
to facilitate a swift building of virtual enterprises.  

Some of the major difficulties encountered for a VE are: 

(1) Establishing relationships and mutual agreements. 

(2) Sharing information, knowledge, competences, etc. between the 
collaborating enterprises. 
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(3) Distributing business processes to optimise the work flow for the whole 
VE. 

The first two items (1) and (2) primarily concerns establishing trust among the 
collaborating enterprises. An enterprise needs to have confidence that the other 
enterprises have the needed competence. Also there are legal aspects to consider 
especially concerning differing legislation between countries. Research 
addressing trust relationships in organisations is described by e.g. (Msanjila & 
Afsarmanesh, 2007). Software agents have been proposed as a suitable way to 
find partners and draw contracts, see (Petersen, 2003).  It is likely that enterprises 
will place more trust in a third independent party to enable the collaboration and 
provide the infrastructure for sharing and storing information (Tølle, Zwegers & 
Vesterager, 2003). 

In order to collaborate in developing and distributing products and services it is 
necessary to share information and knowledge, produced as a result of the 
collaboration. This information and knowledge need to be stored in repositories 
and to be available for the involved enterprises. However managing the access 
rights and the ownership throughout the VE after decommissioning the VE are 
problematic areas. 

Other important issues to consider are: 

 Making mutual decisions, which primarily concerns (1) and (3). 

 Technical solutions for how to communicate information which is a 
concern for both items (2) and (3). 

Modelling VE need to take into consideration how to optimise activities between 
the collaborating partners. This is perhaps one of the motivations for building a 
VE but also one of the most complicated matters, since it involves trust in 
handling information and responsibilities between the partners. The VERAM 
architecture takes care of how to set up and organise the work within a virtual 
enterprise, but there is little support in the framework for how to model the 
collaboration between the partners. Also it is not clarified how to establish the 
necessary trust between the partners. These issues are still targets for further 
research. 

3.4 Integration and interoperability 

The problems that enterprises are facing require integration of business 
processes, information and knowledge. Companies have tried to solve these 
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problems by incorporating different IT-systems for managing resource planning, 
time-scheduling etc. All these different systems are in their own way often good 
tools for their specific tasks. They are often incorporated at different stages with 
the purpose of solving a particular problem. When the number of such systems 
increases the interplay between them become a problem within the company. 
Each information system within an enterprise should however incorporate part 
of the enterprise model, but since many of the systems are created independently 
these models show inconsistencies in the concepts and the knowledge that they 
handle. This is often called the Correspondence Problem (Fox & Gruninger, 
1997). This has led to a situation where many enterprises have their information 
and knowledge assets distributed on what has been described as “islands of 
information” (Vernadat, 2002 a; Vernadat, 2002 b). In these cases we then speak 
of an interoperability problem. Interoperability and integration are two concepts 
that are closely related  to enterprise architectures and enterprise modelling. 

3.4.1 Integration 

Integration is not necessarily IT related. Achieving integration means to facilitate 
the flow of information as well as organisational control and material across 
organisational boundaries. This is achieved by “connecting all the necessary 
functions and heterogeneous functional entities (e.g. information systems, 
devices, applications, and people)  in order to improve communication (data and 
information exchanges at system level), cooperation (interoperation at 
application level) and coordination (timely orchestration of process steps at 
business level) within the enterprise so that it behaves as an integrated whole” 
(Vernadat, 2007, p. 138).  

In ISO 14258 (1999) the concepts integrated, unified and federated are described 
as the ways how models can be related. Integrated here means that all the 
models complies to the same standard format, and there can be no deviation 
concerning how to interpret the models. Unified means that there exists a 
common meta-level structure which provides “semantic equivalence” between 
the models. Federated means that several heterogeneous models need to be inter 
acting with each other. In this case it is difficult or impossible to achieve 
complete semantic equivalence across the models (ISO 14258, 1999).  

There is a scale of integrating solutions ranging from fully integrated to loosely 
integrated. Fully integrated means that the parts that have been integrated 
cannot be dismantled from the solution in order to perform the operation within 
the enterprise. This also means that after the integration we cannot truly speak of 
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different parts other than as a structural or organisational matter. Loosely 
integrated means that the integrated parts are still autonomous and more like 
modules that are interfacing to each other. The parts or modules are able to 
perform their operations together with other parts, but it is possible to dismantle 
one part and exchange it with another equivalent part (Vernadat, 2007; Chen, 
Doumeingts  & Vernadat, 2008). 

3.4.2 Interoperability 

Two common definitions of interoperability are (Open group, (2000), TOGAF 
cited in Chen & Vernadat, 2004, p. 249): 

 Interoperability is “the ability of two or more systems or components to 
exchange and use shared information”. 

 Interoperability is “the ability of systems to provide and receive services 
from other systems and to use the services so interchanged to enable them 
to operate effectively together”. 

Interoperability between enterprises is achieved on several levels: the business 
level, the knowledge level and the ICT-level, see figure 3.3. The interoperability 
on the business level concerns how decisions, organisation and management 
within the enterprises effect the interoperation between enterprises. 
Interoperability on knowledge level concerns coordination of knowledge and 
competence to utilise this knowledge  between the enterprises. Interoperability 
on ICT-level concerns communication of information between systems in 
respective enterprises, both internally and between the enterprises. It is also 
regarded to add a semantic level which cuts across the business, knowledge and 
ICT levels and concerns a mutual understanding of concepts used (Chen & 
Doumeingts, 2003). 

Interoperability problems on these levels often arise from applications with poor 
facilities for communicating information and with too large differences of the 
data schemas between the systems. Often it is too costly to re-engineer these 
systems. It is also an organisational matter since it “is concerned with 
interoperability between organisational units or business processes either within 
a large (distributed) enterprise or within an enterprise network. Part of the 
challenge relies in facilitating communication, cooperation and coordination 
among these processes and units” (Vernadat, 2007, p. 138). 
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Figure 3.3  Interoperability on all level of an enterprise. Adapted from (Chen & 
Doumeingts, 2003). 

As expressed in figure 3.3 there is a semantic level for establishing “a common or 
equivalent semantic so that related entities can communicate and understand 
each other” (Chen & Vernadat, 2004, p. 250). “Semantic interoperability is the 
ability to share, aggregate, or synchronize data/information across 
heterogeneous systems. In other words it is about making sure that the two 
communicating systems interpret the information the same way” (Vernadat, 
2007, p. 143). 

Interoperability is only relevant to consider in loosely integrated systems and 
systems that are integrated are also achieving interoperability. However 
interoperability between systems does not imply that the systems are integrated. 

The European Commission project Interoperability Development of Enterprise 
Applications and Software (IDEAS) (2002-2003) was assigned the task to 
investigate initiatives to be taken in future projects in order to investigate the 
problems related to interoperability. The project investigated three domains of 
interest Enterprise Modelling (EM), Architectures and Platforms (A&P) and 
Ontologies (ONTO) (Chen & Doumeingts, 2003). Some of the conclusions from 
this investigation was that: 

 Enterprise modelling languages are weak when it comes to support for a 
dynamic environment. The enterprise modelling techniques have 
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difficulties with managing the different maturities of  structures and 
processes in a dynamically changing enterprise.  

 There is missing an enterprise modelling approach for the federated 
environment. The approaches developed have been done so with the 
integrated and unified environments in mind. 

A requirement for future systems is to have a better standardisation of the 
business model in order for enterprises to be able to compare and evaluate 
models from other enterprises and thereby choose collaboration partners (ibid). 

Areas to be addressed in future research on interoperability is “to identify 
generic features, define generic principles and patterns to design interoperable 
solutions” (ibid, p. 161).  

The concepts of integration and interoperability may seem a little bit confusing 
at first. Interoperability have received the meaning of loose integration or 
federation. Enterprise modelling has previously mainly focused on developing 
solutions for the integrated and unified enterprise solutions, while the federated 
situation is the more common situation especially in the networked organisation. 

3.5 How the ‘theoretical framework that supports design’ is 
generated 

What is called a theoretical framework that supports design means to describe 
how the knowledge provided for enterprise modelling, networked organisations 
and interoperability can be organised and combined in order to know how to 
perform the different design tasks. This includes both the design in the research 
process of the prototype and the approach in the connector view concept and  
also the design in a real case in the extended enterprise. 

Theoretical knowledge about e.g. different frameworks gives an understanding 
of both the functionality of such frameworks but also a distinction between 
different aspects. Sometimes this is not directly applicable but can be used as an 
impulse for generating new ideas. 

Enterprise modelling frameworks such as the GERAM framework has provided 
knowledge about how the design of an artefact follows a path through the life 
cycle phases. Through this development different views are used. There was a 
threshold to overcome when trying to comprehend how this should be 
interpreted in the real modelling situation. Mainly because the GERAM 
framework (and presumably also other frameworks) take a holistic top-down 



 3.5 – How the ‘Theoretical framework that supports design’ is generated 

43 

 

approach. Working through the case studies have developed a subtle intuition 
for how to apply such knowledge. This may though be regarded as tacit 
knowledge to a large extent and it is cumbersome to externalise it in writing. It is 
also a true experience that the theoretical knowledge given e.g. by the different 
frameworks may be used differently depending on the modelling situation. 
Thereby the theoretical knowledge and the empirical knowledge need to 
communicate. 

Examples of trying to formulate experiences and relate them to the GERAM 
framework could be exemplified by the following: 

 The reusable models and model elements are described within the generic and partial 
levels of the GERAM framework. 

 The different views makes it possible to highlight certain aspects within the models at a 
time thereby reducing the complexity and making it possible to comprehend the models. 

 The life cycle phases describe the different types of stages an entity moves through during 
its life time, however some of the phases may be repeated several times. 

The knowledge gained from RM-ODP has stimulated the thinking about views 
and how to use viewpoints to define these views. 

When describing networked organisations it has been difficult to distinguish the 
characteristics the different types of organisations have. Mainly because the 
characteristics are overlapping and there seem to be divergent opinions among 
researchers. This is perhaps in the real case not a problem since it is possible to 
reuse learning outcomes between the different types of organisations. It seems 
though that the extended enterprise has received less attention in the research 
literature than the virtual enterprise and the supply chain. Despite this it has 
been essential for the purpose of this thesis to try to extract the characteristics of 
each organisation. 

There are areas that have been partly studied in the work with this thesis such as 
web services (OASIS, 2006) and choreography modelling (OMG, 2007; Dijkman 
& Dumas, 2004; Barros, Decker & Dumas, 2006). The theoretical knowledge from 
these areas has perhaps not been directly used in the research performed in this 
thesis, but still these areas give some value as a background knowledge. 
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Chapter 4  
 
Cases forming the background  

In this chapter two different case studies are presented the healthcare case in 
section 4.1 and the industrial case in section 4.2. These cases have generated 
empirical knowledge about interoperability and interoperability problems. In 
that sense they form the background from which ideas about how to formulate 
the ideas about the connector view concept in its initial form. Part of the analysis 
to form these ideas has been to conceptualize interoperability and 
interoperability problems and relate them to the POPS dimensions which is 
presented in section 4.3. 

4.1 The healthcare case 

The health care organization in general is a complex organization. One aspect of 
the complexity is that there are different organizational units that need to 
collaborate and these organizational units are administered by different 
principals. The health care organizations can be described as a highly distributed 
organization in which the available IT-systems as well as paper documents 
constitute the communication links. In this distributed system there is a strong 
need for an integrating system that would organize activities and 
communication. It is important to understand the organisation of the healthcare 
institutions in order to investigate the interoperability issues, and necessary to 
comprehend in order to achieve an integrating system. Numerous projects have 
been launched in order to investigate and develop different health care aspects 
(Berg, 1999; Berg & Toussaint, 2003). 

The information described here is based on the public reports delivered from the 
work in a project here called the healthcare project. Participants in the project came 
from several different organisations within the health care sector and include 
stakeholders having different roles within the healthcare organisation. The aim 
of the project was to develop practical approaches for internet based IT-services 
that support the development of the care plan for the patient. 

The introduction of IT is a challenge since the experience of using IT within the 
field of care-planning is limited and it is necessary that healthcare professionals 
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and the patients consider the IT-solutions provided as giving significant support 
to the care processes. In the healthcare project process models and enterprise 
models were developed for the support of  integration solutions concerning  care 
planning. 

4.1.1 Investigating the information flow 

After refinement of the process modelling, it became clear that essential parts of 
the communication between different stakeholders were based on documents, 
which were not clearly linked to certain process steps. As a consequence, a 
document-centred analysis of the inter-organisational care planning was 
initiated in order to enhance the results of the process view. 

A survey of the documents used in the care of stroke patients  is presented in the 
thesis work by Almborg, Björk and Björklund (2004). In this work 21 different 
documents were examined and the information flow between the different care 
givers was mapped. It was a qualitative study in which several healthcare 
professionals were interviewed about how they use and how their work relate to 
the information in the different documents. For each document the information 
from these interviews was collected and analyzed describing the information 
content and the information flow of the documents, also illustrated in diagrams. 
There are several documents related to patient care that show interoperability 
situations and interoperability problems that occur in these situations. Going 
through  these descriptions of the documents and the interactions they are 
involved in it is possible to observe situations related to interoperability. Such 
observations are: 

 Documents are shared between several healthcare professionals leading to 
several copies of the document.  

 Documents are communicated in several distinct passages between the 
healthcare professionals, either for reading the information or for 
providing new information.  

 The same information can be provided in several different documents or 
other IT-systems.  

 Stakeholders have specific need of information which is not always 
satisfied by the documents. 

 Managing confidential information (more than the usual secrecy). 
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For each of these observations there can be several related interoperability 
problems. Some characteristics of such interoperability problems are explained 
in the following. 

4.1.1.1 Several copies 

In the described documents several examples are given of where there is a 
routine of taking copies of documents and distribute these to other caregivers. A 
typical scenario is that a document is created at the hospital and when the 
patient is about to leave the hospital several copies of the document is sent to the 
stakeholders in primary and municipality care. Often the information in these 
documents needs to be updated later on in the care process. Sharing of 
documents either as electronic documents or as paper copies may lead to  
interoperability problems. If the information of the document need to be 
updated later on all the different copies also need to be updated, which becomes 
difficult in a paper based system. This results in different versions of the 
document which may contain inconsistent information. It is then difficult to tell 
which information content is correct. 

4.1.1.2 Communicating distinct passages 

In the descriptions of the flow that the information in the documents is taking it 
becomes apparent that in some cases information has to be added to the 
documents in a specific order. This means that some information can or should 
not be available to all stakeholders immediately. The interoperability issue here 
lies in how to implement the solution for how to pass the information between 
the stakeholders when introducing an information system that should take over 
the same functionality as a paper based system has had. Actually this is both an 
interoperability as well as a process development issue since when moving from 
a document paper-based system into an IT-system it is necessary to rethink and 
reorganize the processes for how actors should collaborate. Actors working in 
different organizational units have to organize their collaboration which also 
means that the interoperability between the systems managing the involved 
information has to be designed accordingly. 

4.1.1.3 Same information documented in several sources 

Even though the documents used in the health care organization have a specific 
structure for the information to be entered it is found that the same information 
appears in several of the documents or other IT-systems used in parallel. It is a 
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well-known fact that systems developed during many years often end up with 
information duplicated in different parts of the system. The main 
interoperability problem related to this issue is that since the same information is 
scattered on several documents and IT-systems, and is only partly the same, the 
healthcare professionals need to gather information from several sources and 
also to resolve inconsistent information. In the worst case the inconsistencies are 
not even detected which might lead to severe misjudgements. In addition the 
need for duplicating information is a waste of valuable time for healthcare 
professionals, and leads to documents not being updated. Also information in a 
document, not available to all healthcare professionals, might at a later time be 
available in other documents. This delay causes frustration and leads to health 
care professionals searching the information by oral communication, perhaps 
through channels not intended. 

4.1.1.4 Stakeholders has unfulfilled need of specific information 

In the interviews several stakeholders express that they are interested in 
information available in documents they do not have access to. In some cases 
they are supposed to be given this information but the process of delivering the 
information does not work. Often the stakeholders try to compensate for the 
unfulfilled need by oral communication. Also in some cases the organization 
may try to compensate by creating an additional document for managing the 
information, however this is not always successful especially when the 
information is existing in several other documents. The document 
“Vårdplanering; Gislaveds kommun” seem to be such a document; The intention 
was that the document should serve as a tool for follow up however most of the 
information can be found in other documents and instead memos is used and 
there is no formal routines for how to use the document. 

4.1.1.5 Managing confidential information 

Some patient related information is regarded as having a more strict security 
level than other information. This is e.g. concerning such information regarding 
specific diagnoses. It is important to follow the rules for how to manage this kind 
of information, such as which actors should have access to the information and 
how to communicate the information. In order to overcome that some 
information is marked as confidential this information is in today’s document 
and paper-based system communicated orally in specific closed meetings. It is 
also very important to have the consent of the patient for delivering the 
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information. This is very much a subject of how to manage the processes around 
this, however to some extent it is also an interoperability issue. Locally the 
technology for encrypting and securing with passwords may give a dramatic 
enhancement of the security around the information. However to transfer such 
information between different IT-systems becomes considerably more 
complicated. 

4.1.2 The need for collaborative solutions 

All in all the described interoperability issues indicate a need for collaborative 
solutions. They also indicate that in order for these solutions to work it is 
necessary to consider and rethink all the different activities that need to be 
involved in collaborative solutions. 

In the health care organization it is very often found that information is 
communicated orally. This form of communication is naturally very important in 
order to do the work both locally in the care situation and towards the 
administrative functions. Oral communication is cost effective in the sense that 
immediate feedback is possible, however it may also be the only way to 
overcome or compensate for an  interoperability problem. In the documents that 
have been analyzed it is apparent that oral communication is the most common 
way of managing feedback in the health care organization. Many of the 
healthcare professionals mention that feedback is something they would like to 
improve. Often this means to communicate information across the 
organizational borders and requires interoperability between different IT-
systems. This also requires to look into the collaborative processes necessary for 
this feedback. Also feedback which is documented by using IT-support can 
render support for evaluating the given care in a larger time perspective, giving 
information that can be used in medical scientific work. 

4.2 An industrial case from the automotive industry 

The second project which contributes to a large extent to forming the 
background for the connector view concept is the MAPPER project. MAPPER 
stands for Model-based Adaptive Product and Process Engineering. It was a 
project within the 6th EU Framework Program for Research and Technological 
Development (FP6) and had a runtime from September 2005 to February 2008. 
The overall objective for the project was to “enable fast and flexible 
manufacturing by providing methodology, infrastructure and reusable services 
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for participative engineering in networked manufacturing enterprises”.15 In the 
project a model-based approach is emphasized. Enterprise modelling is seen as a 
powerful and useful tool for extending knowledge capture and knowledge reuse 
in the context of product development. This knowledge modelling also termed 
enterprise knowledge modelling is aimed at producing models that are actively 
used by the stakeholders.  

Three different industrial use cases were developed within the frame for the 
project, each involving both industrial and academic partners. In one of the use 
cases (use case 3) the main industrial partner was Kongsberg Automotive in the 
following abbreviated KA. 

4.2.1 The context for the case of KA 

KA16 is a multinational company  which develops and manufactures products for 
the automotive industry worldwide, with the main sites in Scandinavia. “The 
main products are Seat Comfort (seat heater, seat ventilation, lumbar support 
and head restraint), Gear Shifts (gear shifter for personal vehicles) and 
Commercial Vehicles (clutch activation, rods, gear shifters and couplings). The 
MAPPER project was focused on the department Advanced Engineering within 
the Business Area Seat Comfort.” (Carstensen et al., 2006, p. 9). KA has several 
processes taking the initial product idea to the final manufacturing of the 
product and selling of the product on the market. The overall target for these 
product development processes or  phases is to enhance the quality and reduce 
time to market for new products. The initial stage captures the innovative ideas 
of the product and is called Product Innovation or Process of Innovation 
abbreviated POI. This was the part which was selected for further development 
in use case 3 in MAPPER. A key word in POI is creativity, that is to let the minds 
of all persons involved freely develop ideas about products. A key factor is to 
support and combine this way of thinking with detailed system support and 
flexibility in modelling, which was the main reasons for selecting POI as target 
for developing further in the MAPPER project (ibid). 

The development of products includes a multitude of different aspects such as 
investigating the customer requirements, finding suitable materials and technical 
solutions for the product as such, how to test materials and combinations of 
                                                 
15 Citation from MAPPER homepage: http://mapper.eu.org/index.html (Referenced 2011-05-04). 

16 See Kongsberg Automotive homepage, available at: http://www.kongsbergautomotive.com 
/(referenced 2011-05-04). 
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materials, production planning including production logistics and product line 
planning. Based on the different investigations made during this process several 
different specifications are written, which also constitute documents which can 
be reused in later development projects. In a multinational company like KA this 
is a geographically distributed process which requires a complicated and skilful 
coordination. Such a coordinating company (let us call it enterprise A) is 
cooperating both internally between different departments within the company, 
possibly located at different sites but also with the different customers and with 
suppliers. Both customers and suppliers have a certain competence within the 
area since customers need to develop requirements for the product, and 
suppliers have to have a thorough understanding of the possibilities of the 
materials they are supplying. These aspects are illustrated in figure 4.1. 

 

Figure 4.1  The collaboration cycle in product development. 

The customer develop requirements for the product but these requirements need 
to be negotiated between the customer and Enterprise A (in figure 4.1), 
establishing a customer business agreement. This also include working in the 
other direction to be able to connect requirements to the business needs of the 
customer organisation (Carstensen, Holmberg, Sandkuhl &Stirna 2009). 
Enterprise A has to check how to be able to fulfil the requirements (in the 
customer supplier agreement) within the budget given for the project. Hence 
they need to check available materials and production possibilities and estimate 
the development and production costs. This involves establishing a  supplier 
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business agreement. This includes negotiating prices for different materials but 
also discussing with the supplier(s) how to develop different materials suitable 
specifically for the product. This includes testing of materials and finding out 
how to perform tests on materials and the product. This gives a picture of the 
close collaboration which is necessary both towards the customer and the 
different suppliers (represented with enterprises B and C in figure 4.1). 

Managing knowledge becomes a critical part in such a collaborative setting. Both 
internally within the coordinating company but also between the different 
partners. Knowledge which often is maintained by the persons working in these 
collaborations. This also becomes an issue of interoperability since using 
knowledge in different perspectives requires information stored in different 
systems using different technological platforms. Interoperability within an 
enterprise can be seen acting on three different layers: business, knowledge and 
ICT-systems (Chen & Dougmeints, 2003) (see chapter 3.4.2). Enterprise 
knowledge modelling can contribute to bridge between these three layers by 
extending the approaches, concepts and technologies from enterprise modelling 
for knowledge representation and knowledge based solutions.  Further: “The 
knowledge needed for performing a certain task in an enterprise or for acting in 
a certain role has to include the context of the individual, which requires 
including all relevant perspectives in the same model. Using the knowledge is 
applying different reflective views on the knowledge model. Enterprise 
knowledge modelling aims at capturing reusable knowledge of processes and 
products in knowledge architectures supporting work execution” (Sandkuhl & 
Lillehagen, 2008, p. 3) 17. 

4.2.2 Approaches and technologies 

The MAPPER project included and combined several aspects of approaches and 
technologies:  

 The project applied the enterprise modelling approach  of  C3S3P 
(developed in project ATHENA), comprising seven modelling phases: 
Concept, Scaffolding, Scoping, Solutions modelling, Platform integration, 
Piloting and Performance monitoring and management (giving the 
acronym for the approach). 

                                                 
17 The cited text references (Lillehagen & Karlsen,  1999). 
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 The project included examples of different web service technologies for 
supporting collaborative work. Specifically the web service technologies 
used were TRMS (Tool Registration and Management System), CURE 
(providing virtual rooms for collaborative work) and Concert Chat 
(providing synchronous collaboration services) (Tandler et al., 2006). 

 The project used the modelling tool METIS18  both for modelling the 
different enterprise models and for orchestrating the different web 
services in an executable work environment  (Tandler et al., 2006). 

 The project applied the POPS* perspectives, which includes the Processes 
in the enterprise, the Organization structure,  the Products of the 
enterprise and the Systems supporting the processes. These are the main 
perspectives that at least should be applied. The star indicates that 
additional perspectives if applicable can be added. 

 The project also applied the methodologies in Active Knowledge 
Modelling (AKM) in developing specific work places19. 

4.2.3 The enterprise modelling approach used 

As mentioned above the enterprise modelling approach of C3S3P was applied in 
the project. This approach has been adapted from the ATHENA project and uses 
seven development phases: Concept study, Scaffolding, Scoping, Solutions 
modelling, Platform integration, Piloting in real projects and Performance 
monitoring and management. Since the project emphasizes model-based 
approaches and especially working with enterprise modelling there is a natural 
focus on these kind of models. A major part of the work in the project was 
devoted to the following phases:  

 The concept study and scaffolding phase that aimed at creating an 
understanding of visual knowledge modelling and at creating shared 
knowledge for the application subject reflected in different views. 

 The scoping phase that aimed at creating executable knowledge model 
pilots supporting the application case. 

                                                 
18 METIS is a methodology neutral modelling tool for visual enterprise models, See 
http://www.troux.com 

19 Enterprise knowledge modelling aims at capturing reusable knowledge of processes and 
products in knowledge architectures supporting work execution (Lillehagen & Karlsen, 1999) For 
further reading in this subject se also Krogstie & Jørgensen (2004), Jørgensen & Krogstie (2001), 
Lillehagen & Krogstie (2008). 
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 The requirements modelling (part of the scoping phase) that aimed at 
identifying and consolidating requirements for platform, methodology, 
approach and solution. 

 Solutions modelling that aimed at implementing the knowledge model 
pilots in configurable visual work places. 

While the concept and scaffolding phase worked with modelling the as-is 
situation the scoping phase developed initial solution models to be used in POI 
in the future. This involved developing textual descriptions of typical scenarios 
starting with the overall POI, which in its turn included the starting point for 
several other scenario descriptions. All in all nine different additional scenario 
descriptions were developed covering different parts of the POI. These scenario 
descriptions covered detailed information about the intended way of working, 
the roles involved, tools used and documents used. Requirements were also 
explicitly stated about what was necessary to improve or develop for the future 
POI seen from the current situation.  

Based on the developed scenario descriptions models were created which reflect 
reoccurring tasks. These models are named task patterns since they are 
developed specifically in order to be reusable models. However this is not to be 
elaborated here. For a more thorough presentation concerning task patterns see 
(Sandkuhl, 2010).  

An example of such a model is “Establish material specification” seen in figure 
4.2.  

The intention with the model “Establish material specification” is to express the 
organizational knowledge of how to develop a new material specification. The 
process model, shown in the middle of figure 4.2, is part of an enterprise model 
comprising among other models an infra-structure model (bottom part) and a 
requirements model (top part), also shown in the figure. An important part of 
the model is the relationships between the modelled elements, such as how tasks 
are linked to each other and how resources such as roles and IT-services are 
connected to different tasks. The modelled elements are given names but also 
detailed descriptions and the relationships are named relationships given 
specific meaning. An executable model need to have this granularity of detail in 
order to know which IT-services to invoke and which roles to engage for a 
specific task. The tasks in figure 4.2 are decomposed further as seen e.g. in figure 
4.3 for the task “Material testing”. 
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The relevant requirements are shown in the requirements model in the top part 
of figure 4.2. Requirements were elicited both from the textual scenario 
descriptions and from the work of modelling. In the latter case requirements 
became apparent when making the descriptions of the modelled elements. 

 

Figure 4.2  The model establish material specification with relationships with 
infrastructure model and requirements model. In order to highlight some 
parts of the model some of model elements have been enlarged. Adapted from 
Carstensen et al. (2009). 
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acquire a considerable amount of knowledge about the solutions at the usage of 
the material, i.e. about the destination products where the material is going to be 
used. Such collaboration involves several interoperability issues where the 
information about product and about test methods should be provided by IT – 
services. 

A requirement is to provide configurable visual workplaces (CVW20) that reflect 
the tasks of the stakeholders. These workplaces should also be provided to 
external partners, as a way of involving suppliers and customers to generate 
ideas in the development projects, however with some restricted rights. Through 
these workplaces information generated by various other systems will be 
communicated. It is an interoperability issue how these other systems would 
interconnect with each other through the workplace. To some extent the 
workplace seem to solve some of the interoperability problems. However still 
there remain the issue how the systems are interconnected internally with the 
workplace. Each external partner need to have this solved before being able to 
fully facilitate the use of the workplace. 

4.2.4.2 Create meeting - scenario 

For setting up meetings it is necessary agree on date/time for these meetings. 
This should be supported by the MAPPER infrastructure which would require 
interoperability with the various Groupware systems that the partners are using 
for administrating their calendars. There is also a requirement to initiate an open 
issue list which should deliver reminders to the participants, which in its turn 
also requires interoperability with the various Groupware systems. 

Interoperability is required with the conference systems that the partners are 
using in order to set up voice and image links for long distance meetings. 

A specific knowledge repository should be available through the workplace for 
all participants in order to document  lessons learned from the meetings. 
Although not specifically specified how this is going to be done it is not difficult 
to imagine that administrating such a repository would require access to 
information stored in various information systems and hence also includes an 
interoperability issue. Also the collaboration service of providing and sharing of 
information concerning designed artefacts during the meetings will include 

                                                 
20 Configurable Visual Workplace, see Lillehagen & Krogstie (2008). 
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similar interoperability issues, and be available through the knowledge 
repository. 

4.2.4.3 POI testing – scenario 

Once the test methods have been defined it is necessary to schedule, perform 
and document the tests. This requires to integrate a test scheduling system and 
the PLM-system with the MAPPER infrastructure and hence is an 
interoperability issue. From the test results, available through the PLM-system, it 
should be possible to calculate and then store information for evaluating various 
artefacts into the knowledge repository.  

The person responsible for performing the tests should get a reminder about the 
tests to perform. This requires the integration mentioned before with the 
groupware systems. 

In case a test is aborted (possibly other events could be captured and signalled) 
the test scheduling system should be informed that the test equipment is 
available, which requires integrating the testing system and the test scheduling 
system. 

4.2.4.4 Establish material specification - scenario 

An important interoperability aspect from this scenario is to let external partners 
take part of information concerning artefacts they are involved in developing. 
Suppliers should be able to use this information in order to search for and 
develop suitable materials and conduct tests of these materials. One step in this 
procedure is to develop the specifications of the materials as well as the tests to 
perform. This becomes an interoperability issue since it requires an integration of 
the different partners IT-systems for managing such information. In this case 
much of the information resides in documents managed by a PLM-system, hence 
all partner systems need to be integrated with the PLM-system and the MAPPER 
knowledge repository. 

4.2.4.5 Develop new test method - scenario 

When developing new test methods it is important to have access to the 
information of the artefact or material to make tests on and to know which test 
equipment is available and also to have access to international and standard 
customer test methods as a complement to the internal test methods. This might 
require an integration of customer systems for managing the information 
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(documents) containing these test methods. As seen from the previous scenario 
(Establish material specification) also external partners may develop new test 
specifications (methods). In case the test method is developed in collaboration 
between several partners there is an interoperability issue in integrating different 
systems for sharing the necessary information. 

4.2.4.6 Brainstorming – scenario 

External partners such as suppliers and customers are also sometimes invited to 
support with their special competences when collecting and elaborating ideas for 
mutual development of products. These kind of meetings require collaborative 
services and integration with conference systems in order to perform such 
meetings over long distances. However it might also require an integration of 
external partner systems in order to share information from the knowledge 
repository about the artefacts used as prototypes for the development. 

4.2.4.7 External testing - scenario 

Testing can in some cases be performed by an external tester. The external tester 
need to have access to test methods and the customer requirements (sometimes 
internally revised). This information should be made available by integration of 
the external testers testing system with the internal MAPPER infrastructure and 
the testing repository. The external testing system should be able to signal test 
events to the MAPPER infrastructure and upload test results and test report to 
the testing repository. 

4.2.4.8 Prototype build for internal testing - scenario 

There are no interoperability issues explicitly mentioned in this scenario. 

4.2.4.9 Establish product specification - scenario 

Basically a new product specification is created using a suitable previously made 
specification. This scenario develops by invoking several of the other scenarios 
and will encounter interoperability issues through them, however no other 
specific interoperability issue than integrating PLM system and MAPPER 
infrastructure is mentioned in the scenario. 

4.2.4.10 Benchmarking - scenario 

There are no interoperability issues explicitly mentioned in this scenario. 
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4.3 Summary of interoperability issues 

In this summary the interoperability issues have been viewed by using by now 
rather well established dimensions or aspects for analysing enterprise 
knowledge: product (P), organisation (O), process (P) and system (S). These 
aspects are often abbreviated as POPS. According to Lillehagen & Krogstie (2008) 
the POPS aspects have been used since early 1990’s and was further developed 
in several EU-projects and lately in the ATHENA project (2005). The different 
parts of the POPS aspects have been defined in the following way (Lillehagen & 
Krogstie 2008, p. 65): 

 “Products and Services: depicting the many disjoint product structures, 
designs, engineering methods, parts and classes. 

 Organisation and people development: organizational structures, 
positions, teams and roles, and their competence and skill profiles. 

 Process modelling and work management: process and task models, work 
execution, and management views. 

 System and tool development: use, solutions and maintenance 
architectures, components and constructs”. 

From the above definition it is rather obvious that the POPS aspects are taking an 
industrial perspective. The cases where they have been used are also industrial 
cases. This was also quite obvious when compiling and writing the summaries 
for the health-care case and the industrial case described in sections 4.1 and 4.2. 
It was much more obvious how to write the summary in the case of the  
industrial case while it required much more thinking how to interpret especially 
the product aspects when writing the summary of the healthcare case.  

The summary for the two cases is given below in two tables. In both tables the 
interoperability issues identified in previous sections are mapped towards the 
POPS-aspects. The content of the tables are further discussed and related to the 
research questions in section 7.2. The section(s) where the specific 
interoperability issue appears is specified in conjunction with respective 
interoperability issue in the table. 

Table 4-1 describes the healthcare case. The product aspect is mainly interpreted 
as aspects on services. Processes can be of different kinds, both care processes 
and administrative processes in all parts of the care organisation. However the 
administrative processes are still there for supporting the care processes. 

Table 4-2 describes the industrial case. 
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Interoperability 
issue 

P O Ps S Comment 

Several copies 
(section 4.1.1.1) 

− (+) + + 

It is not directly related to services to the care takers; It 
concerns the development of the organisational structure 
of the care givers only to some extent; It is much related to 
the care processes for updating the information; Solutions 
of IP are dependent on the development of IT-systems. 

Communicating 
distinct passages 

(section 4.1.1.2) 

+ + + + 

The order in which information is communicated directly 
relates to the services towards the care takers; It also 
involves the development of the care process and related 
processes and the organisational structure of the  care 
givers; Solutions of IP are dependent on the development 
of IT-systems. 

Same information 
documented in 
several sources 

(section 4.1.1.3) 

− − + (+) 

It is not directly related to services to the care takers not 
either to the organisational structure of the care givers but 
relates to the care processes; Solutions of IP are not 
altogether dependent on the development of IT-systems 
but also on the behaviour of the care givers. 

Stakeholders has 
unfulfilled need 
of specific 
information  

(section 4.1.1.4) 

(+) − (+) + 

The information searched is to some extent related to 
services towards the care takers; Not directly related to 
the development of the organisational structure of the 
care givers; To some extent related to the care processes; 
Solutions of IP are dependent on the development of  IT-
systems. 

Managing 
confidential 
information 

(section 4.1.1.5) 

(+) + + + 

It is to some extent related to services to the care takers for 
receiving the consent for communicating the information; 
The borders of the organisational structure of the care 
givers delimits the authority to communicate information; 
Specific processes are required for managing the security 
issues; Solutions of IP are dependent on the development 
of IT-systems for enhancing security both internally and 
externally,  

Table 4-1 Describing the interoperability issues in the healthcare case and how they are related to 
product, organisation, process and system views. 

Abbreviations : Product (P), Organisation (O), Process (Ps), System (S), Interoperability 
problem (IP). 
 The symbols  −, + and (+) in the table indicate how strongly the interoperability issue  is related 
to the POPS-aspects. A non-existing relationship indicated by −, a strong by + and (+) indicate 
that the relationship exist to some extent.  
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Interoperability issue P O Ps S Comment 

Integrating systems 
containing information 
about test methods 
(sections 4.2.4.1, 4.2.4.4, 
4.2.4.5, 4.2.4.7) 

+ + + (+) 

Concerns the process of searching for specific test 
methods or for development of new test methods. 
Develops the skills of the tester. Might require 
development of IT-support. 

Integrating test 
scheduling system 
(section 4.2.4.3) 

+ − + − 

Collaboration in the extended enterprise concerns 
specifically external testing performed by the 
external tester. Scheduling of test equipment and 
test sample. 

Integrating external 
partners test system 
with internal MAPPER 
infrastructure (sections 
4.2.4.3, 4.2.4.7 ) 

+ (+) + (+) 

The tests performed by an external partner requires 
that specific test events can be signalled and that 
test results and test report can be communicated. 
The external partner should also have access to test 
methods, requirements and report template. Might 
require changes of the organisational structure and 
development of specific IT-support. 

Retrieving information 
from various 
information sources to 
CVW and knowledge 
repository (sections 
4.2.4.1, 4.2.4.2, 4.2.4.4, 
4.2.4.5, 4.2.4.6, 4.2.4.7) 

+ + + + 

The concern is to develop new ideas together with 
the external partners and to enhance the knowledge 
of the partners. This requires that the partners are 
able to share necessary information concerning 
designed artefacts. Requires development of IT-
support for the configurable visual workplace 
(CVW) 

Integration of PLM 
system and MAPPER 
infra structure (sections 
4.2.4.1, 4.2.4.3 , 4.2.4.4) 

− − − + 
This is required in order to be able to share 
information in the collaboration the with the 
external partners. 

Integration of  
groupware systems 
(sections 4.2.4.2, 4.2.4.3) 

− + + − 
Scheduling of stakeholders from different 
enterprises to participate in meetings. Scheduling of 
external tester. Integration of available systems. 

Integration of 
conference systems 
(sections 4.2.4.2, 4.2.4.6) 

− + + − 
Collaboration between stakeholders from different 
enterprises and/or organisations during meetings. 
Integration of available systems. 

Table 4-2 Describing the interoperability issues for the industrial case and how they are related to 
product, organisation, process and system views. 

Explanation of abbreviations and symbols see the caption of  table 4-1 on previous page. 
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Chapter 5  
 
Results - the connector view concept 

One of the problems encountered when trying to model the situation of the 
extended enterprise (and also applicable to the virtual enterprise) is to capture 
the points of integration, i.e. the situations where collaboration is taking place 
and the entities the collaboration actually consists of. Tables 4-1 and 4-2 
summarises and captures such situations for the specific healthcare and 
automotive industry cases. The connector view concept, to be presented, has 
been developed with the intention to contribute to solve the problems with 
interconnecting processes of the collaboration. 

The development of the connector view concept is primarily based on the 
industrial case from the automotive supplier industry (described in chapter 4.2). 
But the health care case (described in chapter 4.1) has also been an important 
modelling experience. These cases brings together experiences from enterprise 
interoperability but also knowledge modelling and variability modelling of 
complex systems. 

The enterprises themselves may have more or less elaborated enterprise models. 
The points of integration between the enterprises are however in these models 
only partially captured, and there will exist knowledge that span across and 
which is difficult to capture in these enterprise models. By placing an 
intermediate view, the collaboration view, between the existing enterprise 
models it is possible to capture this knowledge. The principle structure of the 
views in the connector view concept is described in section 5.1 and in section 5.2 
is the approach for modelling of these views described. 

5.1 Description of the connector view concept 

A view represents some part of particular interest of a model and by reducing 
the complexity it enhances the understanding of the models. A viewpoint used 
for architecting a specific system is defined as “a technique for abstraction using 
a selected set of architectural concepts and structuring rules, in order to focus on 
particular concerns within that system” (OMG MDA Guide 2003 cited in Shorter, 
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2004, p. 23). The viewpoint defines thereby what can be modelled within a view 
using the viewpoint as a blueprint. 

There is a similarity between the concept of a view and a sub-model. A sub-
model is an integral part of a larger model which integrates several sub-models. 
A view may include parts from other models (the original models) and create a 
“model” which specifically enhances and describes properties and features of the 
original models. A view is seen from a specific context in order to concentrate on 
the relevant aspects, hiding the irrelevant, and thereby making it easier for the 
user to comprehend and concentrate on specific concerns. The difference 
between the sub-model and a view is the direction the view takes. A view is 
defined according to a viewpoint that defines the concern of the view and which 
parts are modelled in the view. A sub-model does not have this definition, but 
the view can be regarded as kind of sub-model which has the viewpoint 
properties (standards: ENV40003, IS15704, peEN/FDIS 19439) (Shorter, 2004). 
However the view should not be considered only as important for the observer. 
On the contrary views are important also for the modeller and other 
stakeholders involved in creating the models. Most frameworks concerned with 
enterprise modelling, such as GERAM or the framework for Open Distributed 
Processing (ODP or RM-ODP) include views and viewpoints as a way of 
diversifying an integrated model. In fact the integrated model may not even exist 
as a physical model only as a “virtual thought of” model. It is however 
important that a physical integrated model can be constructed from all views 
which means that the information in all views and sub-models must be 
consistent.  

In the connector view concept three different types of views are used:  

 The collaboration view 
 The information view  
 The supporting views for each enterprise in the collaboration 

These are chosen to be called views since they have a specific direction and 
intention also they contain elements that are part of specific models such as the 
enterprise models for different collaborating companies.  

In the  Reference Model for Open Distributed Processing (RM-ODP) five 
different viewpoints, that describe how corresponding views can be modelled, 
are defined: the enterprise viewpoint, the information viewpoint, the 
computational viewpoint, the engineering viewpoint and the technological 
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viewpoint (Putman, 2001; ISO/IEC, 2000). These five view-points together form 
the minimum set of viewpoints necessary for describing and specifying 
architectures for all kinds of distributed systems. However RM-ODP allows 
other viewpoints to be specified in order to be able to capture specific domain 
constraints. The viewpoints defined in RM-ODP are useful tools in order to 
define the content of the views mentioned in the connector view concept. They 
give a direction for how to think concerning differentiating the different 
concerns when developing a corresponding architecture. In the context of the 
collaboration view it is however necessary to give additional support to a 
collaborative work environment or call it a collaborative domain, especially 
concerning the interoperability issues. This reasoning serves as a motivation for 
defining a specific viewpoint, and according to that an approach for designing 
the different types of views in the connector view concept (according to the 
ISO/IEC 42010 standard for viewpoints) (ISO/IEC, 2007).  

The definition of the collaboration viewpoint is based on and is a generalisation 
of the experiences from the healthcare case and the automotive industry case, 
described in chapter 4. Chapter 6 describes an additional case where the 
connector view concept has been evaluated and thereby gathering experiences 
for further development. 

5.1.1 Basic definition of the collaboration viewpoint 

The collaboration viewpoint is an integrative viewpoint on different enterprise 
models exposing the intersection of these models including: 

 Objectives of the collaboration between the enterprises in question. 
 Overlapping processes or tasks that contain activities that are performed 

together by the collaborating partners in order to achieve specific parts of 
the collaboration. 

 Information shared or exchanged in these processes. 
 Resources involved in the overlapping processes or supporting the 

collaboration, like IT-systems or machinery. 
 Roles involved in the overlapping processes or tasks and – if required 

their competences. 

A view based on the collaboration viewpoint include collaboration elements, 
created for identifying subjects of organizational or technical change during 
implementation of the collaboration. They essentially are elements that do not 
belong to any of the collaborating partners, and can be considered both as virtual 
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and transient in their nature. Virtual in the sense that they cannot exist before the 
actual collaboration exists. However they may be identified as a phenomenon in 
the collaboration, by the partners that are going to take part in the collaboration. 
The collaboration elements are transient in the sense that they only occur in the 
actual collaboration when an object in a supporting view trigger them and in the 
actual collaboration transforms a state from one partner to another. There may 
exist correspondences between collaboration elements and supporting objects. 

5.1.2 Relationships between the collaboration view and the enterprise models 
of the different partners 

The connector view concept consists of several interconnected model views 
where the central part is the collaboration view. This is a specific model view for 
modelling the collaboration between the involved partners, which can be either 
organisations or companies. Towards the elements in this central view there 
exists relationships with elements in other views. Such additional views are the 
information view and the supporting view. All these views capture specific parts 
of the existing enterprise  models for respective collaboration partner and in 
addition adds the missing parts that are necessary for the actual collaboration. 
These views and how they are interrelated is illustrated in a generalised model 
in figure 5.1. 

The collaboration view is meant to capture the activities that may occur in an 
actual collaboration situation. In the information view the information and 
knowledge content that are necessary for the collaboration and which several 
partners need to share are modelled. These two views (the collaboration view 
and the information view) are common for all partners participating in the 
collaboration. The activities modelled in the collaboration view is related 
(connected) to activities in process models of each enterprise. This is modelled 
using a supporting view which captures the activities within an enterprise that 
connects with the activities in the collaboration view. In addition the information 
modelled in the information view is related to the activities modelled in the 
collaboration view but also related to documents and systems residing within 
each enterprise.   
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Figure 5.1  Showing in a generalised way several collaborating partners enterprise 
models and how the collaboration view, information view and supporting 
views for the enterprises are interrelated. 

The supporting view is based on the activities that exist in the enterprise models 
of the respective partner. However an experience from the case described in 
chapter 5 was that the partner want to define a triggering supporting element 
which consists of and merges several activities in their enterprise model. This is 
because there can be several things that need to be done before triggering the 
collaboration. 

5.1.3 An approach for the design of the views integrated in the connector view 
concept 

The following approach is proposed, based on the experiences from the cases 
described in chapter 4, and has been further refined in the case for evaluating the 
connector view concept, described in chapter 6. The stages to design the views in 
the connector view concept, in order to establish the interoperability between the 
collaborating partners in an extended enterprise, is outlined as follows:  

Stage 1 – Scoping  

Stage 2 – Model the collaboration view 

Stage 3 – Connect to the partner models 

Stage 4 – Plan the operationalization 
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5.2 The approach for modelling collaboration using the 
connector view concept 

Each of the four stages, the approach is divided in, contains one or several 
objectives.. In the description that follows are the stages numbered from 1 to 4 
and the objectives are given lower case letters a, b, c etc. To require each stage to 
be completed before advancing is not the intention. It must always be possible to 
return to previous stages in order to correct, update and add gained knowledge. 
However the stages and the order of them indicate the overall structure and 
direction of performing them. The objectives given for each stage is intended to 
provide the overall motivation for what the stage has to achieve (a minimum 
requirement for the stage). Within a stage these objectives can be worked on in 
parallel. 

The previously outlined approach will now be further described using the 
following pattern for describing each stage: 

 Objectives 
 Processes21  
 Actors and other resources 
 Typical scenario 

 

5.2.1 Stage 1 – Scoping 
 
5.2.1.1 Objectives: 

 (1a) To identify collaboration frame. 
This can be seen as determining the overall area or the domain for what 
should be elaborated and modelled. Determining the borders for what 
should be included. This can be modified later on, either extended or 
narrowed down, depending on what is learned. 

 (1b) To  model goals and problems. 
It is important to find out from each partner what goals they want to meet 
with the system integration and what the problems are in meeting these 
goals. This is an initial modelling of the goals and problems which is 
intended to be further re-evaluated and improved later on when 

                                                 
21 This is the processes of the approach of the connector view concept to be distinguished from 
the processes performed in the actual collaboration. One of the purposes of the processes in the 
approach is to uncover and identify the activities of the processes in the actual collaboration(s). 
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describing how to use and design the information usage in the 
collaboration view. 

 (1c) To identify existing partner models. 
These can be the existing models that are relevant for the case to be 
modelled at the specific partner. Especially relevant are models that 
reflect the information usage. It can e.g. be process models, since they 
usually exist in an enterprise and also reflect the information usage in an 
easily retrievable way. 

 (1d) To evaluate the status of models 
The models that have been identified in step (1c) should be evaluated to 
learn more about possible connections that can be modelled in the  
collaboration view. Also to learn what needs to be improved in the 
already available models in order to trigger the collaboration elements. 

5.2.1.2 Processes 

 Check feasibility of collaboration project 
A collaboration project may be initiated due to solving a specific business 
need (e.g. related to a product or an organisational issue) or due to 
development based on a new idea. In this activity the initiating company 
collects the additional ideas for a collaboration project and tries to 
describe what problems that need to be solved. This is done internally at 
meetings within the initiating company. Collaboration partners are 
investigated and contacted for determining their interest to participate. 
Potential collaboration partners are those companies or organisations that 
in some way can contribute with knowledge in the matter.  

Input: A stated business need to be solved and initial ideas about a 
possible collaboration project. 

Output: Decision to start (or not start) a collaboration project; Mandate 
letter to start project. 

 Start collaboration project 
Timeframes are preliminary determined. An initial meeting is held. In this 
meeting the objectives and related problems are investigated. Information 
is collected about available enterprise models or other relevant models 
that are available from the different partners. Ideas are collected about 
what needs to be modelled in the collaboration. The available models are 
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scrutinized in order to find what can be connections with the 
collaboration to be modelled.  

Input: Decision to start a collaboration project. 

Output: Stated objectives for the collaboration project and a mapping of 
related problems that need to be solved in order to achieve these 
objectives; Status concerning available relevant models to be investigated 
for use in the project. 

 Evaluate the models 
All models that have been produced are evaluated by the project team. If 
changes are necessary the models are reworked in the appropriate group. 
This is an iterative procedure until the models can be accepted. 

Input: All produced and available models. 

Output: Accepted models or required changes; Needed modifications. 

5.2.1.3 Actors and other resources: 

 Coordinator; Is the person in an organisation or company responsible for 
coordinating collaborative work. The coordinator leads the coordination 
team. 

 Coordination team; Is a team of co-workers that together with the 
coordinator plan and elaborate the work in a collaboration project. 

 Project leader; Has the mandate letter to lead the whole collaboration 
project. 

 Project member; Is part of the project team and should be a member, with 
domain knowledge relevant for the project, and comes from one of the 
participating companies/organisations in the collaboration project. 

 Project team; Consists of all project members. 
 Facilitator; Facilitates modelling sessions. 
 Modeller; Design models. 

 
5.2.1.4 Typical scenario: 

Based on an initial idea for a collaboration project, which has its origin in an 
established business need, the coordinator prepare a brainstorming meeting by 
collecting relevant material, e.g. from similar projects. The coordinator also 
selects participants in the coordination team to participate in the brainstorming 
meeting. The purpose with the brainstorming meeting is to gather all possible 
ideas concerning the thought of a collaboration project. The coordination team 
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also suggests appropriate collaboration partners. After the meeting the 
coordinator contacts the suggested partners and investigates their willingness to 
participate. In a second meeting the coordinator and the coordination team 
determines which ideas to go for and also determines which partners to 
participate in the collaboration. Project leader, facilitator and modeller are 
selected either internally, externally or  from one of the partners that have 
accepted to participate in the collaboration project. The coordinator sends the 
mandate letter to start the project to the project leader.  

The project leader determines together with the facilitator and also by discussing 
with the invited collaboration partners  the participants of the project team. The 
project leader invites all members in the project team together with the facilitator 
to a start-up meeting for the project.  Goals and problems are modelled for the 
specific collaboration topic. The different partners tries to map the models that 
are available and that can be of interest for the project. It might be necessary to 
have a follow up meeting in order for the participants to have time to map 
available models.  
When the facilitator finds the models mature enough an evaluation meeting  is 
called. The project team together with the facilitator walks through the models 
that has been created and that are previously available. The time frame for 
modelling the collaboration in stage 2 is estimated. 

5.2.2 Stage 2 – Model the collaboration view 
 
5.2.2.1 Objectives: 

 (2a) To identify collaboration elements in the collaboration view 
These are often formed as high level processes containing several sub 
processes. The activities that these processes describe may not follow a 
sequential order, rather they describe intentions and alternative paths to 
follow depending on the outcome of specific actions. E.g. how to connect 
tasks belonging to different collaborating partners. This can be decisions 
to be taken, exchange of certain information etc.   

 (2b) To identify the information necessary for the collaboration elements 
in the collaboration view.  
Identified information objects are related to the collaboration elements in 
the collaboration view. 
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5.2.2.2 Processes: 

 Prepare modelling session (collaboration view) 
The modelling facilitator  (assisted by the project leader and possibly also 
other project members need to be contacted) prepares a list of problems 
mentioned in previous meetings and a presentation in order to stimulate 
and trigger the collection of the collaboration elements in the 
collaboration view. 

Input: Problems related to the collaboration project stated in previous 
meetings. 

Output: A preliminary list of problems. 

 Modelling session for elaborating the collaboration view 
The facilitator starts the modelling session by a short presentation of the 
compiled list of problems.  
The participants are given the task to think how these problem relates to 
their company. They should try to reformulate and give their view on 
these problems and add other problems that they come to think of.  

The collected reformulated problem descriptions are discussed, 
categorised in appropriate groups.   

Each problem category are discussed and project members should try to 
decide if this category is depending on the collaboration. If so they should 
try to name a collaboration element for it and add a description. 

Input: An initial list of problems. 

Output: A set of collaboration elements. 

 Prepare modelling session (information view) 
The modeller compiles the information from previous modelling session 
and prepares the collaboration view. This is sent to the project members. 
The project members are given the task to consider which information is 
relevant for the specific collaboration elements and also to consider if the 
collaboration elements have been given appropriate names and 
descriptions. 

Input: A set of collaboration elements. 

Output: collaboration view. 
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 Modelling session for elaborating the information view 
The participants are given the task, by the facilitator, to think how the 
modelled collaboration elements are related to information elements. 
They should try to formulate these information elements naming and 
describing them.  
The information elements are collected and grouped for each 
collaboration element.   
For each collaboration element, the information elements are discussed 
and further categorised and reformulated so that a unified view is given 
on what belongs together in each information element. These information 
elements should be high level elements and should frame the details. The 
same information element can relate to several collaboration elements and 
the same collaboration element can relate to several information elements. 

Input: A collaboration view. 

Output: A set of information elements. 

 Elaborate models 
The modeller prepare the collaboration view and the information view, 
incorporating relationships between collaboration elements and 
information elements, according to the information given in previous 
modelling sessions. Taking into consideration the necessary changes 
according to the evaluation of the models. 

Input: Information from previous modelling sessions and necessary 
changes. 

Output: Changed collaboration view and information view. 

 Evaluate modelled views 
The modelled collaboration view and information view with relationships 
between the collaboration elements and the information elements are 
evaluated by the project team. Eventual change needs are recorded. This 
is an iterative procedure until the modelled views can be accepted. 

Input: Collaboration view and information view. 

Output: Accepted views. 
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5.2.2.3 Actors and other resources: 

 Project leader; Has the mandate letter to lead the whole collaboration 
project. 

 Project member; Is part of the project team and should be a member, with 
domain knowledge relevant for the project, and comes from one of the 
participating companies/organisations in the collaboration project. 

 Project team; Consists of all project members. 
 Facilitator; Facilitates modelling sessions. 
 Modeller; Design models. 

 
5.2.2.4 Typical scenario: 

Preparing the first modelling session is a very important, but difficult task for the 
modelling facilitator. It is important for the facilitator to have a good contact 
with the project leader and the other project members, in order to be able to 
retrieve enough information from the different partners. The presentation should 
be in the form of a seminar where the participating project members may add 
information when appropriate. The modelling sessions for modelling the 
collaboration view and the information view can e.g. be done at a 2-day 
workshop with all participants together at one resort. This gives a good 
atmosphere and the participants will not be occupied with a lot of other daily 
activities, as they usually are. Finally elaborating the models before evaluating 
them may take some time and consideration and perhaps some informal contacts 
with individual participants to clarify certain things. It is therefore perhaps 
better to do the evaluation at a separate project meeting. 

5.2.3 Stage 3 – Connect to the partner models 
 
5.2.3.1 Objectives: 

 (3a) To identify supporting objects that relate to the collaboration 
elements. 
These are extensions of existing partner models that are relevant tasks or 
other objects in the enterprise for supporting the communication through 
the collaboration elements in the collaboration view. Collaboration 
elements are related to supporting objects and supporting objects to 
processes in partner models (if the models are process models). 

 (3b) To identify resources connected to supporting objects.  
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Roles as human resources; Systems and documents as sources for 
information. 

 (3c) To identify Systems and related documents, reports and views.  
Systems that are used to create and manage the information exchanged by 
the collaborating partners are identified. Documents, reports etc., used for 
managing the information, are identified and also related to systems 
responsible for generating the information. Relate information objects to 
the documents, reports etc. that manages the information.   

5.2.3.2 Processes: 
 Prepare modelling session 

The modelling facilitator prepares the modelling session for each 
participating partner by reading available background information 
previously provided by the partners. Such background information can 
consist of models and descriptions of these models. Each partner is 
contacted in order to determine an appropriate order to visit each partner. 

Input: Contact information for each partner. 

Output: A schedule for modelling sessions at each partner. 

 Model the supporting view for each partner 
With a modelling session at each partner the supporting view is modelled 
and the connections with elements in the collaboration view and the 
enterprise model of the partner. 

Input: The collaboration view and the partners enterprise model. 

Output: The supporting view and its relationships with the collaboration 
view and the partners enterprise model. 

 Model the resources connected to the supporting view and the 
information view 
Resources such as roles and required infrastructure (e.g. IT, software, 
services machinery etc.) is modelled in the supporting view.  
Resources such as documents, databases and other sources and the 
different systems managing the information modelled in the information 
view is modelled. The relationships with the elements in the mutual 
information view is modelled. 

Input: The supporting view and information view. 
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Output: Resources connected to the supporting view and the information 
view. 

 Document site information for each partner 
In conjunction with the visit to each partner site information relevant for 
interoperability issues are studied and documented. Security issues are 
discussed, such as what information need to be protected and what kind 
of protection is necessary, etc. 

Input: - 

Output: Documented interoperability information at respective partner. 

 Prepare models 
The modeller prepare the supporting view, incorporating relationships 
between supporting objects and the partners enterprise models according 
to the information given in previous modelling session. The resources 
such as documents and systems are modelled and incorporated with the 
partners enterprise model, incorporating also the relationships between 
these resources and the information view.  

These models are created taking into consideration the necessary changes 
according to the evaluation of the models. 

Input: Information from previous modelling sessions and necessary 
changes. 

Output: Changed supporting view and information sources in partner 
models. 

 Evaluate modelled views and partner models 
The modelled supporting view and modelled sources in the partner 
models with relationships between the supporting objects and the 
partners enterprise model and the relationships between the information 
elements in the information view and the information sources in the 
partners enterprise models are evaluated by the project team. Change 
needs are recorded. This is an iterative procedure until the modelled 
views can be accepted. 

Input: Supporting view and partner enterprise models. 

Output: Accepted supporting view and information sources in partner 
enterprise models. 
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5.2.3.3 Actors and other resources: 
 Project member; Is part of the project team and should be a member, with 

domain knowledge relevant for the project, and comes from one of the 
participating companies/organisations in the collaboration project. 

 Domain expert; Has specific skills that the project member may use 
occasionally. 

 Facilitator; Facilitates modelling sessions. 
 Modeller; Design models. 

 
5.2.3.4 Typical scenario: 

This stage of developing the collaboration requires modelling at each partner 
site, in order to learn the specific circumstances there. A modelling session is 
prepared for each site, and as a first step the facilitator contacts each project 
member to determine a schedule for these visits. It is necessary to check that the 
appropriate domain experts that need to be consulted are available and also that 
it is an appropriate time for making a study tour in conjunction with the visit. 
The interoperability issues and security issues studied are an essential input to 
the fourth stage operationalisation. It is also important to collect information 
about the IT-architecture available at each partner and the IT-systems required 
for manages the information necessary for the collaboration. 

5.2.4 Stage 4 – Plan the operationalization 
 
5.2.4.1 Objectives: 

 (4a) To describe information usage in collaboration view.  
This includes defining the rules for how the information should be 
interoperable. It may include such things as: How terminology matches 
between systems, triggering mechanisms for connecting and exchanging 
information etc. 

 (4b) To re-evaluate the initially stated goals and problems.  
This should be done in order to really focus on what is important when 
setting up the functionality of the collaboration view (i.e. how the 
interoperability should be achieved). As a result of the modelled 
collaboration view there can be changes in how information is stored or 
translations of information can be defined. 

 (4c) To specify an interoperable solution 



Chapter 5 – Results – the connector view concept 

 78 

Defining requirements and developing models for services that 
implement the collaboration elements in the collaboration view.  

5.2.4.2 Processes: 
 Prepare a project meeting for planning collaboration services 

The facilitator prepares a project meeting in order to investigate which 
collaboration services are required. 

Input: Information from previous partner site visit. 

Output: A scheduled project meeting. 

 Investigate the need of collaboration services 
The required collaboration services are determined from the collaboration 
elements modelled in the collaboration view. Requirements for 
collaboration services should be formulated. 

Input: Collaboration elements in collaboration view. 

Output: A list of collaboration services required. 

 Determine requirements for collaboration services 
Determine requirements on the interfaces between the different partners 
and which information should be included from different partners. 

Input: The models for the collaboration services. 

Output: Requirements for each collaboration service. 

 Evaluate the requirements of the collaboration services 
While modelling and implementing the collaboration services, prototypes 
may be created which should be evaluated and tested by the participants. 

Input: Requirements on the collaboration service and models on the 
collaboration. 

Output: Changed requirements. 

5.2.4.3 Actors and other resources: 
 Project member; Is part of the project team and should be a member, with 

domain knowledge relevant for the project, and comes from one of the 
participating companies/organisations in the collaboration project. 

 Domain expert; Has specific skills that the project member may use 
occasionally. 

 Facilitator; Facilitates modelling sessions. 
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 Modeller; Design models. 
 Software engineer; Comprises several skills such as requirements analysis, 

interface design, programming and different kinds of testing. 
 
 
5.2.4.4 Typical scenario: 

Depending on the objectives for modelling the collaboration view the work in 
stage 4 (Plan the operationalisation) may stop at different levels. E.g. if the 
purpose is to create an architecture that describe an interoperability solution, it is 
sufficient to stop at investigating and determining the requirements for the 
collaboration services. However for a complete implementation of a solution, 
that takes into account the interoperability issues, it is necessary to combine with 
a software engineering approach, which has not been included in the approach  
described here. 
A starting point, in the project meeting for determining collaboration services, is 
to describe further the collaboration elements in the collaboration view. From 
these descriptions it is possible to outline the services that are necessary, and 
then elaborate them by adding more details for determining the requirements on 
the collaboration services. 

5.3 Style of facilitating the modelling seminars 

It can be recommended to use a participative modelling approach (Bubenko jr, 
Persson & Stirna, 2001; Stirna, Persson & Sandkuhl, 2007). When modelling a 
specific sub model or view you will also learn more about the content in other 
sub-models. It is therefore advisable to model the different views in an iterative 
way. However it is necessary to define the mutual goals for the collaboration, 
that address the particular areas of interest to be modelled in the collaboration 
view, in an early phase. Modelling the goals and problems is part of the 
enterprise view and hence something that also affiliate to RM-ODP. 

The collaboration element is the model element that in the collaboration view 
capture and describe the activities and the entities involved in the actual 
collaboration. Several activities can be performed within one actual collaboration 
situation and relate to several specific goals that it tries to fulfil. The 
collaboration elements should be thoroughly described so the collaborating 
partners have a mutual understanding of them. It can be necessary to further 
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develop the collaboration elements either internally redefining them or 
generalising or specialising the elements. 

The collaboration view is modelled to be common for all collaborating partners 
but once the collaboration elements have been modelled it is necessary to 
connect these elements to existing partner enterprise models, and to model the 
information that is involved in the collaboration as well. The difficulty to 
sometimes find the appropriate triggering activities in the existing enterprise 
models make it sometimes necessary to innovate these elements. It is therefore 
appropriate to model a supporting view for each collaborating partner and not 
just relate to objects in existing enterprise models. The supporting views consists 
either of elements that already are existing in the partners enterprise model or of 
specifically added triggering events.  

Each collaboration element in the collaboration view relates to one or several 
elements in each partner’s supporting view and also to one or several 
Information objects in an Information view, common for all partners.  

When trying to relate the collaboration elements to activities and other 
modelling elements of the existing enterprise models (through the elements in 
the supporting view) there is a good opportunity to reveal the information 
content which is important for the collaboration. The information content is 
modelled with information elements in a separate information view, which 
makes it possible to generate a mutually agreed naming and definition of the 
different information concepts involved with the collaboration elements. 
Relating the information elements that have been defined in the information 
view with other model elements, available in the existing enterprise models, 
gives an indication of which information is involved from the different partners 
and how this information is interrelated between the partners. Especially should 
the information elements be related to specific documents and the systems for 
generating these documents. When describing the collaboration elements in the 
collaboration view specific concern should be paid  to describe how the 
information is used in the relationships towards the other enterprise models. It is 
also possible in the information view to describe which part of the information 
element respective partner is contributing with (Carstensen, Sandkuhl & 
Holmberg, 2008).  

The collaboration elements define activities that emanate from the collaboration 
and thus cannot be said to belong to any partner’s enterprise models and is not 
owned by a specific partner. Likewise, the information objects shared between 
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the collaborating partners do not belong to just one of the partners, even though 
maintenance (such as storage etc.) of the information is a concern for the 
respective partner. By this approach we want to address the mutual need to 
explore what information and knowledge is essential in the collaboration. 
Knowledge that is mutual for the collaborating partners is at least partially 
captured in the information view. The information concerning this knowledge is 
stored in different ways using different systems at the respective partner. That is 
the information is distributed among the partners with some possible overlap. 

5.3.1 Operationalising the collaboration view 

The first stages (stages 1 to 3) of the methodology in the collaboration viewpoint 
defines how to build (or establish) the different views in the connector view 
concept. The last stage (stage 4) defines how to plan for operationalising these 
views. The intention in a longer perspective can be to implement software 
solutions based on the models and the specified requirements for the 
collaboration services and thereby put the models into practical use in the 
collaborating enterprises. At this stage it is necessary to again evaluate the goals 
connected to collaboration elements. The nature of the tasks for and the goals for 
the collaboration elements should very much influence the strategy taken for 
operationalising the views in the connector view concept. Some preliminary 
steps have been taken in the described approach to explore this part but it still 
remains to research the kind of strategies to use. 
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Chapter 6  
 
Evaluating the connector view concept 

The initial ideas of the connector view concept was formulated as a result from 
the previously described case studies in chapter 4. The evaluation of these ideas 
is described in this chapter and was performed in the E/KA case study. Section 
6.1 gives the background for the case study and  section 6.2 describes the 
research setup followed in the E/KA case study. 

6.1 Background 

In chapter 4 two cases, the healthcare case and the automotive industrial case (in 
the MAPPER project), have been described. Both of these cases form the 
empirical background for the case study in which the connector view concept 
have been evaluated and further developed.  

There are clearly differences between the healthcare case and the automotive 
industrial case both in the respect of the research performed and also from the 
aspect that the social settings for the cases are different. The healthcare case was 
the first case and the research awareness and maturity was different in this 
project which of course influenced the way of collecting and analysing the 
material. However both cases involve collaboration between several partners as 
an important aspect and clearly interoperability issues that need to be resolved. 
In the healthcare case the partners are internally well organised often with 
systems for managing information. Even though collaboration between these 
partners cannot be considered as something new the communication of 
information between them has shown to be difficult to solve in an efficient way. 
In the automotive industrial case it  has been studied how to model different 
aspects of the product development lifecycle at Kongsberg Automotive (KA). 
Part of this is models of nine different processes each one described in a scenario 
description. The process model named “External Testing” describes how from a 
KA perspective tests of materials or products can be performed in total or partly 
by a collaborating partner. This process is only one of many examples of 
collaborative settings involving external partners that can be found at Kongsberg 
Automotive. This collaboration between several partners is difficult to achieve 
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for several reasons. The collaboration may involve several different external 
partners with their particular part of the knowledge pattern necessary for 
developing the product. Some of these partners may be competitors and have to 
protect their knowledge assets while they at the same time need to some extent 
share collaborative knowledge. Each partner have information sources which 
differ in many ways: The information is organized and managed differently 
between the partners; The systems for managing the information use different 
platforms and the storage is done differently in their respective repositories. 

The experiences from both of these cases made it apparent that the 
interoperability issues in addition to the technical issues of communicating 
information between different information systems also requires an insight into 
how this communication relates or depends on the collaboration between the 
partners. This resulted in initial ideas about modelling the collaboration between 
the partners in a mutual model (which initially was called the integration 
process model. Rather soon the name was changed to the connector view, which 
lately has been changed to the collaboration view). The overall intention with the 
case for evaluating the connector view concept was from the research 
perspective to investigate how enterprise modelling can be used for ameliorating 
the work in a collaborative setting. Several aspects were of interest:  

 What improvements could be achieved on the views to be modelled? 
 What kind of elements should be modelled in these views? 
 What was the appropriate way of modelling these views? 

 In order to do this a case study was initiated involving two partners, Kongsberg 
Automotive as the main partner and Elektrisola as the other partner. (Previously 
named E/KA case in section 2.5). 

6.2 The set-up of the case study 

In the case for evaluating the connector view concept the collaboration between 
two industrial partners were investigated. The possibility for performing this 
study was made available as a result from the modelling work performed in the 
MAPPER project. The industrial partners collaborating in what here can be 
called a networked organization were as previously mentioned Kongsberg 
Automotive (KA) and Elektrisola. KA has previously been introduced in section 
4.2 and here will be given a short presentation of the other company.  

Elektrisola is an international company manufacturing different types of wires 
(enamelled copper wire, self-bonding wire, litz wire) for a multitude of 
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application areas such as transformers, electrical motors and diverse special 
purpose applications.22 Elektrisola is located at several places worldwide, with 
some differences in specialisation. All of the machines for production of wire are 
constructed at the plant in Eckenhagen, to be able to keep a high quality and 
narrow tolerances in production. Important is also the quality research in lab and 
to get feedback from customers. Design of the wire and the cover (enamel) of the 
wire requires several parameters of mechanical, electrical and chemical nature to 
keep track of. An interesting issue is to be able to make tests in advance to 
decrease development time. Wires are manufactured according to the 
specifications from the customers and Elektrisola often helps the customer to 
determine solutions for the specifications, discussing different alternatives that 
are specially adapted for the product in which the wire is going to be used.23  

In the particular case KA were interested in developing the collaboration with 
Elektrisola concerning development of seat-heating wire solutions. The choice of 
Elektrisola as the partner to collaborate with was a choice made by KA. This was 
not an obvious choice since there are several competitors on the market. 
However an incitement for making this choice was that both partners were 
interested in improving the collaboration concerning development projects, 
albeit they internally have processes for production and development of new 
products. Previously in the MAPPER project enterprise models that concern the 
development of new products were explored for KA, but similar models at 
Elektrisola had not been developed.  

The collaboration study comprised several modelling sessions where domain 
experts from collaborating partners, a modelling facilitator and a modeller 
participated. (all in all three to five persons were engaged in these meetings). 
Establishing roles and setting the scene was not difficult for KA since persons 
involved in the MAPPER project could be selected to participate in the case 
study. Still there remained some concept and scaffolding work. The scope of the 
study was restricted to include only the development of heating wire solutions, 
and to focus only on the modelling of the start-up phase for a new design 
project. The domain expert for Elektrisola was decided, and an onsite study of 
the work with production, quality assurance and product development was 
done at Elektrisola. 

                                                 
22 http://www.elektrisola.com/home.html (2010-08-05) 

23 Information from visiting the production site in Eckenhagen (2007-10-11). 
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Initially two meetings were planned in the study. The first to be held at KA in 
Åmotsfors and the second to be held at Elektrisola at their main plant in 
Eckenhagen. In between these meetings models were going to be developed and 
communicated by email between the participants. Since these meetings were 
planned within a very limited budget and the timeframe was very short, 
especially for the first meeting, it was important to plan them thoroughly. 
Depending on the success of these meetings there was an opening for adding 
additional meetings. 

6.3 Developing the initial collaboration view artefact 

The case study for evaluating the connector view concept had different 
perspectives concerning research and practice. From the research perspective the 
intention was to find a way to model the collaboration uncovering and resolving 
the interoperability between the partners, using enterprise modelling. This 
involves both how should or can these models look like and a methodology for 
creating these models. Therefore the case study serves both the function of 
testing the initial ideas of modelling the collaboration in a mutual view and to 
gather ideas about how to change the architecture of the view. On the other hand 
the overall intention from the collaborating partners’ perspective was to further 
improve the mutual collaborative work on testing of materials of products for 
seat heating wire solutions. That is, a very practical perspective, directly 
applicable into the reality for the collaboration between the companies. The 
outcome from the modelling activity following the first workshop-meeting were 
views with several connected processes at Elektrisola and also 19 activities 
important for collaboration between the partners, collected in what was named 
as the Integration process view (later on named as collaboration view)  (See fig. 
6.1). 

The dotted arrows in figure 6.1 mark directly visible interactions between the 
collaborating partners. Several potential collaboration areas are indicated 
through the relationships towards “Design of wire and investigation phase” and 
“Validation of proposal”. These models were in the second workshop-meeting 
further developed to become the collaboration view. The collaboration view 
comprises (as stated in chapter 5) collaboration elements. An example of a 
collaboration element added to the collaboration view is e.g. “Communicate 
strategies for future need of heating wires based on KA product strategies”. 
Another  is “Decide on type of project” which in this case means a choice 
between either “Extend existing product range”, “Improve quality”, “Ratio 
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Further work in the second and third workshop-meetings elaborated the details 
around the collaboration view adding the information view and the supporting 
views.  

Information objects of mutual interest for communication between the 
collaborating partners are added to the information view, shared by all the 
collaborating partners. These information objects are also related to systems and 
the particular documents where the information can be found for respective 
partner. There are also relationships between the information objects and the 
collaboration elements (see fig. 6.3). The elements in the collaboration view were 
not directly related to tasks in the already established models, since the 
established models are not easily changeable and they (at least for Elektrisola in 
this case) do not have the same scope. Instead specific supporting objects were 
captured for both collaborating partners and were used for connecting to the 
elements in the collaboration view. For KA the supporting objects were related to 
the previously made models. The resulting model showing objects related to one 
of the collaboration elements is shown in fig 6.3. 

 

Figure 6.3  Part of the enterprise model, with some of the relationships, connecting from 
the collaboration element “Meet to communicate requirements and decide on 
test methods”, in the collaboration view. (Elektrisola abbreviated EE). 
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6.3.1 First workshop-meeting 

The first meeting (startup meeting) was held at the plant of KA in Åmotsfors 
Sweden (20070911). Before the first meeting a short introduction and the agenda 
was sent out to the participants. Initially the participative modelling approach of 
Enterprise Knowledge Development (EKD) was used (Bubenko, Persson & 
Stirna, 2001) in order to find out the status of existing models and to balance the 
somewhat differing situations between the partners. At KA we had already done 
modelling of development processes while we needed to establish a conceptual 
modelling of this area at Elektrisola. This also created a good modelling 
atmosphere. These initial modelling attempts concentrated on creating concept 
and scaffolding model parts missing at Elektrisola and models capturing what 
was considered as important for the collaboration between the partners. 
Therefore during the modelling session the domain expert from Elektrisola was 
given the task to model processes at Elektrisola that have connection to testing 
materials and products (heating wire). Participants from KA were given the task 
to model processes that are important for collaborating with Elektrisola. As 
mentioned above modelling was inspired by the EKD methodology and 
participants were asked to write down process steps on notes that later were 
ordered and discussed. The results from this modelling exercise was on the 
Elektrisola -side a connected view of process steps. All in all this process model 
captures the processes from the point where Elektrisola receives the 
requirements for the wire until the decision to start production of the wire.  In 
the other modelling part altogether 19 processes important for collaboration with 
Elektrisola were collected in what was named as “the integration process view”. 
These processes are not connected and such a process is e.g. “Initiate a meeting - 
Brainstorming, workshop, etc to establish requirements on heating wire”.  

During the discussion it became evident that the most important part to develop 
in the collaboration between KA and Elektrisola is the start-up phase of a 
development project. This part does not really exist in the current process 
models at the companies.  

At the end of the modelling session the work was summarised in a scenario-
description containing four main processes: “start up”, “Design of wire and 
Investigation Phase”, “Validation of proposal” and “Documentation”. The 
previously specified processes were all associated to these main processes.  

Unfortunately the time allocated for the meeting did not allow a thorough 
modelling of goals and problems. Despite this fact it can be read between the 
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lines that at least the goals “To develop a pre-phase to product development” 
and “To increase collaboration in product development” exist. 

After the first meeting and as a preparation for the second meeting the hand 
drawn models, existing as notes arranged on a plastic sheet, were redrawn using 
Metis as a modelling tool. Specific questions concerning the modelled elements 
was resolved by email and the models was sent to the participants. 

6.3.2 Second workshop-meeting 

The second major meeting was a two day meeting held at the plant of Elektrisola 
in Eckenhagen Germany (20071011 – 20071012). The first day was dedicated to 
give a thorough presentation of Elektrisola. Information about Elektrisola was 
very interesting and set the scene for the following modelling work.  

In order to identify the focusing area the previous modelling work was 
reviewed. The integration process view was analysed and the model was revised 
in that several processes were considered as too KA specific. Instead a different 
approach was decided. The KA specific processes were removed from the 
integration process view in favour of other elements that capture the true nature 
of the collaboration. For semantic reasons we change the label “integration 
process view” to collaboration view, which denotes the part of the model that 
contains the elements that constitute the collaboration. These elements are 
therefore denoted collaboration elements. 

The KA specific processes that were removed from the integration process view 
are still of interest since they are considered to support the elements in the 
collaboration view. 

The following steps were a) to identify information objects and b) to identify 
supporting processes at Elektrisola, which are relevant for the elements in the 
collaboration view. The information objects are of mutual interest for 
communicating between Elektrisola and KA and were related to the elements in 
the collaboration view using a relationship matrix24. When considering how to 
relate the elements in the collaboration view with processes at Elektrisola it 
became evident that it did not make sense to relate them to any of the already 
established processes. The reasons for this are that the established processes are 

                                                 
24 A relationship matrix is basically a spreadsheet where the objects specified on one axis and the 
objects specified on the other axis are related by marking the square in the cross-section between 
these objects. The tool Metis supports creating such relationship matrix’s. 
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not easily changeable and that they do not have the same scope. Instead specific 
processes were captured that at Elektrisola are used (or should be thought about) 
for connecting to the collaboration elements in the collaboration view. The 
relationships between these processes and the collaboration elements were also 
created by using a relationship matrix. 

To follow up the results from the second workshop-meeting it was decided to 
hold a third workshop-meeting at the plant of KA in Mullsjö, Sweden, in 
beginning of December 2007. In order to prepare for this third meeting three 
smaller meetings including only participants from KA were held. These smaller 
meetings can be considered as preparatory meetings for discussing the models 
and completing the models especially concerning how the supporting objects for 
KA relate to the previously modelled processes at KA. During this period it was 
decided to add two views for modelling documents/reports/views and also 
systems. Such views should exist separately for each partner and in the 
preparatory meetings these views were modelled for KA. Communication with 
Elektrisola was done using phone and email. 

6.3.3 Third workshop-meeting 

The third meeting was also a two day meeting (20071210 – 20071211). At this 
meeting the models were revised and additional descriptions added. One part of 
the revision of the models consisted in adding the model-views for 
documents/reports/views and systems for Elektrisola since these views was 
decided to be added during the preparatory meetings. Also the relationships 
between elements in the documents/reports/views – view and the elements in 
the systems – view as well as elements in the information view were modelled. 
Another part which also was modelled was to identify the roles involved in 
different supporting processes both at KA and Elektrisola. However the most 
time consuming part was to write specifications for the collaboration elements in 
the collaboration view. Since this almost immediately was recognised to take 
more time than available it was decided to make a prioritisation of the 
collaboration elements, in which order they should be elaborated. All in all it 
was possible to write descriptions for five different collaboration elements. These 
descriptions defines the correspondences between information elements and the 
supporting processes both at KA and Elektrisola. The motivation for doing these 
descriptions was that they will investigate, revise and strengthen the elements in 
the collaboration view and pave the way for operationalising it. In order to 
prepare for making these descriptions, specific model views were created, one 
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for each collaboration element and containing only the elements and 
relationships connected to the specific collaboration element. 

6.3.4 Follow up meetings 

During the following months (January  to May 2008) several follow up meetings 
were held at KA involving only persons from KA. The purpose with these 
meetings was to investigate how operationalisation, as one of the stages in the 
connector view concept, could be done in this particular case. These meetings are 
though not important for the evaluation process of the connector view concept as 
such, and will therefore not be further described here.25 

6.4 Documentation of the work in the case study 

All the meetings were prepared by sending out the agenda for the meeting and 
sometimes also parts of the models created to all participants. From all meetings 
except the third workshop-meeting there are memorandums written. The third 
workshop-meeting was documented on video film. There are also some 
documents and correspondences by email documenting the contacts taken 
between the meetings. The models created during the whole development 
process exists in several versions. Principally one version for each major step  
corresponding to the different meetings held and the work in order to prepare 
for these meetings. 

                                                 
25 For further details see (Carstensen, Holmberg & Sandkuhl, 2008) and (Carstensen, Holmberg, 
& Sandkuhl, 2009). 
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Chapter 7  
 
Discussion 

Some of the implications of using the connector view concept are discussed in 
section 7.1. The implications discussed follow from confines found during the 
thesis work. Thereafter the research questions are revisited in section 7.2. Finally 
related research topics, are discussed in section 7.3. 

7.1 Implications for enterprises using the connector view 
concept 

When presenting the connector view concept in previous chapters several 
confines (or delimitations) have been made which have not yet been discussed. 
The confines can either be considered as issues already covered by other 
researchers or being paths not considered fruitful to include in this work, at least 
not up till now. The following confines have been considered during the work 
with the thesis: 

 The networked organisation considered for researching the connector 
view concept is an extended enterprise. 

 The networked organisation is already established before utilizing the 
connector view concept. 

 The involved partners have enterprise models that can be utilised. 
 The quality of models used and created is sufficiently good. 

The following sections intend to motivate why the mentioned confines have been 
considered and in conjunction with that discuss the implications for using the 
connector view concept. 

7.1.1 The networked organisation researched is an extended enterprise 

The extended enterprise is one of several appearances of the networked 
organisation. The other appearances that can be mentioned are the supply chain 
and the virtual enterprise. The following discussion tries to give a motivation for 
selecting the extended enterprise as the appropriate context for researching and 
applying the connector view concept. 
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In the supply chain the enterprises build the links in a chain where each link is a 
supplier to the next link in the chain, leading finally to the integrated enterprise. 
Each link in the chain can be regarded as a process refining an input and who’s 
output becomes part of the input to the next link in the chain. The integrated 
enterprise may be the integrator of several such supply chains. In this 
collaboration between the enterprises each link in the chain strives to optimize 
its performance, but thereby not necessarily optimizing the overall performance 
(Betitci et al., 2005).  

The extended enterprise represents a collaboration between several enterprises 
where each contributes with specific knowledge in a joint development-venture 
relationship. The hierarchy of the management of the processes within an 
extended enterprise is flat and each partner share equally the responsibility for 
the performance of the extended enterprise. From the outside the extended 
enterprise is though transparent as if it was one single enterprise. In contrast the 
responsibility of a single supplier in a supply chain soon fades away when 
moving along the supply chain. The operation of the extended enterprise 
requires careful coordination in order to communicate information, build 
corporate knowledge and synchronise activities. This coordination requires 
specific skills of the persons involved in operating the extended enterprise. It 
will also require specific tools and methodologies to promote that work.  

The above descriptions try to elucidate the difference between the supply chain 
and the extended enterprise by separating their characteristics, however in 
practise it is seldom such a clear-cut difference. Rather the collaborative setting is 
many times a mixture of a supply chain and an extended enterprise, perhaps 
yielding the confusion that exists about these types of collaborations. What has 
been seen lately is that suppliers in a supply chain decide to collaborate in what 
can be seen as an extended enterprise (Winroth, 2004, ch. 3.5, pp 30-36). Research 
in supply chain management (SCM) has pointed out the need of integration 
between the links in the supply chain in order to improve the overall 
performance. “SCM may require the sharing of sensitive and proprietary 
information about consumers, actual demand, point-of-sale transactions, 
corporate strategic plans, and the like. It involves significant joint planning and 
communication, so it often uses teams of personnel that cut across functional and 
firm boundaries to coordinate the movement of product to market.” (Brewer & 
Speh, 2000, p. 77).   
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The virtual enterprise is on the surface similar to the extended enterprise, but has 
different characteristics and working conditions. It is similar to the extended 
enterprise in the topology where there are several enterprises connected to each 
other with specific development, production and manufacturing objectives. The 
virtual enterprise is in contrast to the extended enterprise started in order to 
exploit a specific opportunity that arises rather rapidly. This means that the 
constellation of companies that are going to work together has to be settled 
rapidly. The research on virtual enterprises has therefore to a large extent 
concentrated on the problems around organising the virtual enterprise, which 
basically requires that the companies have to be prepared for entering into such 
a collaboration. Other characteristics of the virtual enterprise is the short life time 
of the project and high expectations on IT-support. (Camarinha-Matos & 
Afsarmanesh, 2003). When the specific opportunity, for starting the virtual 
enterprise, has been exploited the virtual enterprise will be disconnected, 
thereby giving the short life-time compared to the collaboration project in an 
extended enterprise. A consequence of this is that a collaboration which as a 
primary goal has the generation of knowledge, e.g. for the development of a 
product, will most likely not be a virtual enterprise. The expectations that IT-
support should be able to solve many of the problems encountered has several 
facets. Due to the short time perspective of the virtual enterprise compared to the 
extended enterprise there is much research concerning how to use IT-support in 
establishing the virtual enterprise. For example using software agents to search 
for partners and even configuring and establishing the virtual enterprise 
(Camarinha-Matos et al., 2007). Other facets which concern how to solve 
interoperability problems and how to coordinate the processes between the 
enterprises are similar for both virtual and extended enterprises. However the 
interoperability in virtual enterprises can to some extent be expected to be 
somewhat different, from the extended enterprises. A virtual enterprise will 
more likely rely on available IT for interoperability solutions rather than to 
involve in a high technology project for developing new technology for the 
interoperability solutions. Solving the interoperability problems in the extended 
enterprises will therefore also help to solve interoperability problems for the 
short term projects in the virtual enterprises. 

 

Summarising the above discussion: 
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 The extended enterprise (and the virtual enterprise), in comparison with 
supply chain management, represents a more complex collaborative 
setting of companies which has not previously been researched to the 
same extent as supply chain management. Supply chain management will 
also benefit from researching these areas since some of the difficulties in 
supply chain management can find solutions by adopting patterns 
borrowed from extended enterprises and virtual enterprises. 

 The extended enterprise is by many researchers described as a more stable 
configuration of collaboration between enterprises as compared to the 
virtual enterprise. Although the virtual enterprise offers many interesting 
research opportunities especially concerning the agility of the virtual 
enterprise there are few differences concerning the interoperability issues. 
In fact solving the interoperability problems in the extended enterprise 
will also pave the way for solving interoperability problems in the virtual 
enterprise. 

Taking into consideration both of the aspects presented in the summary above 
one can argue that the first item in the list more or less excludes considering the 
supply chain and the second item favours the extended enterprise. Thereby it 
becomes relevant to choose the extended enterprise as the type of networked 
organisation to focus on in the research of the connector view concept. 

7.1.2 The networked organisation is already established before utilizing the 
connector view concept 

At some point the networked organisation is to be established. What part or 
which role does the connector view concept take in this context?  The approach 
for modelling the collaboration which is included in the connector view concept 
does not include how to search partners to collaborate with in order to establish 
the extended enterprise. This is however a part where research is ongoing when 
it concerns how the breeding environments26  for virtual enterprises are 
established. However the virtual enterprises require a specific preparedness 
where specific characteristics are collected and measured. This is done in order 
to relatively fast be able to establish the connections between the proper 
companies to participate in the collaboration of the virtual enterprise. Similar 
requirements have generally not been placed on companies participating in an 
extended enterprise (Camarinha-Matos, 2009). Since the extended enterprise has 

                                                 
26 See chapter 3, section 3.3, for an explanation of breeding environment. 
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a longer time perspective than the virtual enterprise it is in that aspect more 
similar to the supply chain (Jagdev & Browne, 1998). However it can be expected 
that companies have their requirements on who they select to collaborate with. If 
we look at large companies, as compared to SMEs, it can be expected that they 
have more formalised requirements and procedures for selecting their 
collaboration partners. 

7.1.3 The involved partners have enterprise models that can be utilised 

In the modelling approach for the connector view concept we specifically make 
the confine that there exist enterprise models available from each collaborating 
partner. This may not be true in a real situation, but since enterprise modelling 
as such is not a new research area this is not something new which would be of 
interest to include in the modelling approach for the connector view concept. It 
should though be of interest how to extend the experiences from modelling the 
single enterprise to modelling the collaboration of several enterprises and doing 
so in such a way that the appearance of the extended enterprise is transparent. 
Some of these experiences has been reflected in the article of Chalmeta and 
Grangel (2003), though from the perspective of the virtual enterprise. However 
many of these experiences can be considered also in the extended enterprise. 
From the collaborating partners perspective it is important that the approach 
yield a more efficient way of performing the collaboration and especially when it 
concern how to treat the interoperability issues. Modelling the  collaboration 
view in the connector view concept should take into account the different 
objectives that exist at each partner and see to that the objectives for the 
collaboration in the extended enterprise is consistent throughout all the models 
of the different partners. This means: To resolve inconsistencies between the 
objectives of different partners;  To see to that the objectives of the extended 
enterprise are reflected in processes performed at each partner; and that the 
mutual knowledge in the extended enterprise is shared between the partners. 

7.1.4 The quality of models used and created is sufficiently good 

In order to be able to conclude if the extended enterprise has been modelled 
successfully and to achieve models of high quality it is necessary to measure the 
performance of the collaboration between the partners. This has been addressed 
by some researchers. Knothe and Jochem (2006) mention the following 
conditions that need to be fulfilled by using an enterprise modelling approach 
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that solves the interoperability problems in the extended enterprise (Knothe & 
Jochem, 2006, p. 149): 

 “Reduction of time to adopt an enterprise modelling approach towards 
interoperability”. 

 “Satisfaction of the users requirements concerning enterprise modelling 
leads to an Enterprise Model with sufficient level of detail, level of 
formalisation and model quality according to the interoperability task”. 

 “Support the daily business of employees especially for interaction 
between each other”.  

Betitci et al (2005) concluded that the business units from the partners, that are 
operational in an extended enterprise, are more dependent and need more 
synchronisation between the partners, than the business units require within a 
single enterprise. The extended enterprise is structurally different from the single 
enterprise and therefore the performance measurement in an extended 
enterprise need to be different from one used in a single enterprise (Betitci et al., 
2005). There are two facets of this. For the collaborating companies the 
performance measurement is necessary in order for the collaborative work to be 
successful. For the researchers it is necessary to measure what methodological 
steps are needed and how to tune these in order to improve the methodology. 
These two facets will probably apply differently to the parts of the connector 
view concept. In the researchers’ perspective performance measurement apply to 
all four stages in the approach, while from the collaborating companies 
perspective it will firstly be important to measure the performance during the 
modelling process to develop models of high quality, and secondly to apply 
performance measurement during the operationalisation stage in order to 
guarantee a high quality of how the models are used. There will probably be 
differences between how researchers need to apply performance measurement in 
order to tune the modelling approach and how the practitioners need to apply 
performance measurement in order to create high quality models. 

7.2 Revisiting the research questions 

The research questions, stated in section 1.4, will in the following sections be 
discussed in relation to the research described in the previous chapters. 

7.2.1 (RQ1) What interoperability problems does the extended enterprise face? 

When investigating the research question it became important to differentiate 
interoperability as such from problems related to interoperability. 
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Interoperability can exist without necessarily being problematic. The term 
interoperability does not imply a problem rather it conveys the way by which 
systems/people are able to communicate and collaborate. In this thesis the 
phrase interoperability issue has often been used in order to denote something 
specific concerning interoperability that can be described and characterised. For 
an interoperability issue there can exist interoperability problems. In a way the 
interoperability issue categorises the interoperability problems and make it 
easier to analyse their relationship with specific dimensions of the enterprise, 
such as the POPS (which is an acronym for product, organisation, process and 
system) dimensions. In sections 4.1 and 4.2 the interoperability issues have been 
identified and described in two very different cases, the health care case and the 
industrial case. In tables 4-1 and 4-2 (in section 4.3) the strength of the 
relationship of the interoperability issues have been mapped towards the POPS 
dimensions. This analysis clearly shows that there are interoperability issues and 
related interoperability problems in situations where several partners need to 
collaborate. This is not surprising and was to be expected. When studying and 
comparing both the descriptions and the tables one can easily state that the 
issues encountered are quite different. However there is a common 
characteristic. The interoperability issues that specifically concern the extended 
enterprise involve also collaboration activities between the partners. Phrased in 
another way: The reason for managing the problems related to an 
interoperability issue is in order to achieve the collaborative activities.  

Comparing the interoperability issues listed in table 4-1 with those listed in table 
4-2 it seems that the interoperability issues of the industrial case are more 
technically oriented than for the health care case. One would therefore expect in 
the industrial case that there exist more IT-systems that need to be integrated in 
order to achieve interoperability than in the healthcare case. However this might 
be a qualified truth. In the health care case it is true that the collaborative 
activities between the partners from hospital, primary and community care are 
(or were at the time for the healthcare case) to a large extent based on paper 
documents. Within each of these organisations there are many IT-systems which 
more or less operate as information islands and when information need to be 
communicated to a stakeholder in another organisation it is to a large extent 
communicated via paper documents or orally communicated. On the other hand 
the industrial case showed us that the information needed in the collaborative 
activities is scattered on many electronic documents and that these documents 
are managed by a diversity of systems. A consequential question is: how should 
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one proceed in order to investigate and understand interoperability issues and 
related problems that may occur? The investigation in the health care case was 
based on the documents used for communicating information between the 
organisational units. In the industrial case the investigation was based on 
specific collaboration scenarios, that could be defined in advance. To investigate 
the communicative documents in the healthcare case and to follow the 
information flow of these documents through the healthcare organisation 
developed in some sense also scenarios for how the knowledge is distributed. 
These scenarios reflect activities which otherwise are not visible from the 
documents as such. In both the health care case and the industrial case there are 
to a large extent “document bound” information which is not easily 
communicated in the collaboration. Hence there are aspects of the 
interoperability problems encountered that concern how to manage the 
information in the various documents when performing the collaborative 
activities in the extended enterprise. 

7.2.2 (RQ2) What characteristics do enterprise models need to express in order 
to facilitate interoperability solutions concerning the extended enterprise? 

Enterprise modelling has been used in order to: give an overview of the entire 
enterprise, consolidate the position of the enterprise, restructure the organisation 
of the enterprise, make employees committed to the objectives of the enterprise 
and determine solutions for improvements of the operations of the enterprise. 
These issues of enterprise modelling are well developed when it concerns the 
single enterprise. When it comes to the extended enterprise, enterprise modelling 
needs to be able to capture the collaborative activities that involve 
communicating information between the partners. This more or less follows 
from the discussion about the type of interoperability problems that are 
encountered in the extended enterprise. Can this then not be done with the 
available approaches for enterprise modelling? If one looks into how enterprise 
modelling of the single enterprise is done there is not much support for 
modelling the communicative activities that cross the borders of the enterprise. 
Actually the borders of the enterprise are often not visualised in the model and 
may only exist in a vague sense. In modelling the processes in an enterprise 
model the activities of external companies are modelled in a black-box process, 
concealing all the activities of the external enterprise, the only thing visible is the 
input delivered to the external process and the result received back. All 
communication between the activities of the “internal” and the external 
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enterprise are therefore hidden from the model. If we were to model both 
enterprises that are collaborating with two parallel enterprise models would it 
then be possible to capture the communication? This would mean to tie two 
enterprise models very closely together. From a modelling perspective this 
would not be sufficient. When two or more companies are trying to shape their 
collaboration it is not possible to start this work by defining on a very detailed 
level specific communication between the activities in one company and the 
activities in another company. When modelling the collaboration it must be 
possible to capture and form the content of the collaboration. This means that 
there exist specific objectives with the collaboration which need to be derived 
and developed. Then the collaborative activities need to be modelled, and not 
only to capture the communication between existing activities in two or more 
separate enterprise models. Modelling the collaborative activities need to be 
done in such a way that the enterprise models of the collaborating companies 
become independent. Further an important characteristic is to make it possible to 
encapsulate the requirements on how the collaboration should be framed and 
the elements it should contain, thus creating a modular way of modelling the 
collaboration. 

To summarise the above discussion; The following four characteristics must be 
possible to express when modelling the extended enterprise: 

 The support of collaborative activities.  
 The support of communication across the borders of the collaborating 

enterprises. 
 The independence of the different partners enterprise models. 
 A modular approach which makes possible the exchange of partners and 

also the expansion with additional partners. 

In what way does this then enhance the solutions for the interoperability issues? 
The independent and modular way of modelling the collaboration makes it 
possible to create a level where information assets from respective partner can be 
interconnected. This also makes it possible in the long run to exchange one 
partner or expand the extended enterprise with additional partners without 
reworking the whole model. 
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7.2.3 (RQ3) In what way can enterprise modelling be supported by an 
enterprise modelling method in order to solve the interoperability 
problems in the extended enterprise? 

From the characteristics enterprise modelling needs to express and the 
discussion given above, that explains their relevance, it becomes clear that the 
collaborative activities need to be modelled in a way that differs from traditional 
enterprise modelling. From a methodological point of view there needs to be a 
specific support adapted to the extended enterprise for how to model these 
activities. Also activities are not enough. There needs to be an infrastructure and 
an information structure in conjunction with these activities. With infrastructure 
is meant all sorts of things that are required for the collaborative activities to 
work, such as IT-services, specific hardware, repository for storage, templates, 
organisational entities etc. Views and viewpoints are modelling facilities that 
have shown to be useful in enterprise modelling in order to express a model 
from different angles. The viewpoint is used for defining how to develop the 
specific view. Views are also of interest for modelling the collaboration in the 
extended enterprise, however in this case the view needs to express the 
collaboration seen from all the companies participating in the collaboration.  

With the above discussions in mind (in section 7.1 and 7.2) one find in a general 
sense that the methodological approach needs: 

 To guide how to capture collaborative activities and describe these 

activities in models in a relevant way. It is also necessary to have a 

modelling language that can support modelling such elements that are 

necessary for modelling the collaborative activities. 

 To guide how to model the specific views that are required. 

 To guide how to interrelate available models with the collaborative 

activities. 

 To provide means for protecting proprietary information (should also be 

supported by a modelling tool). 

 To provide means for resolving inconsistencies (tool support required). 

 To provide means for resolving conflicting goals. 

 To guide how to develop and evaluate models to achieve high quality 

models. 

During the work with the health care case and later on with the industrial case 
gradually the ideas about how to model the collaborative activities were 
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developed, which finally resulted in the views and the approach described in 
chapter 5. The model structure needed to be such that it allows the enterprise 
models, from the different companies, to be independent from each other. If 
some changes are done in a specific company’s enterprise model, the impact on 
the modelled collaboration should be as small as possible. At the same time the 
modelling of the collaboration should be scalable in the sense that a company 
(and its enterprise model) can be excluded, exchanged or included without 
dramatically changing the enterprise models of other companies. The set of 
different views in the connector view concept have been chosen to allow both of 
these issues.  

The collaboration view together with the information view is intended to give 
the scalability. The supporting view, one for each company, is intended to 
provide the independence of  the different companies enterprise models.  

The collaboration view provides the modularity since the collaboration elements 
ideally do not include anything that is directly tied to a specific company. In 
practice it can be difficult to completely exclude that the collaboration element is 
flavoured by the specific companies involved in the collaboration. Therefore one 
can only say that the impact of a change should be as small as possible and it will 
be dependent on how successful the collaboration elements are in distinguishing 
the concerns of the companies in the collaboration. The supporting view 
provides independence since in the supporting view specific activities, in a 
company, are modelled that triggers the collaboration in a collaboration element. 
These triggering activities relate to the activities modelled, in different processes, 
in the enterprise model of the company. This allows changes to be made 
internally within an enterprise model for a company without distorting the 
collaboration model, or at least making the impact as small as possible. 
Altogether are the seven issues stated above regarded as necessary for 
investigating in a methodological approach. However only the three first can be 
said to have been expressed in the approach described in section 5.2. The four 
last issues still need to be covered within the approach. Therefore it has only to 
some extent been possible to investigate this research question when working 
with the two initial cases and when evaluating the connector view concept. 

7.3 A comparison with two related research approaches 

In this section two related research approaches which are working with 
interoperability in networked organisations are discussed. 
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7.3.1 A framework for detecting barriers that prevent interoperability 

The framework proposed by Chen and Daclin (2007) is a methodology that first 
identifies the barriers that prevent interoperability and then searches for 
solutions that remove the barriers. During this process it is crucial to measure the 
degree of interoperability both in the stage of identifying the barriers and in the 
stage of implementing solutions for their removal (Daclin, Chen & Vallespir, 
2006; Chen & Daclin, 2007; Chen, Vallespir & Daclin, 2008). The approach is 
interesting since it gives a structured approach for finding interoperability 
solutions and highlights the difficulty and the importance of measuring 
interoperability. This research addresses how to identify the interoperability 
problems in the form of barriers and analyse their nature in order to determine 
an appropriate solution. On the contrary the connector view concept focuses on 
finding a way of modelling the collaborative activities for the to-be situation. 
Both of the approaches complement each other. The part which has not been 
thoroughly elaborated, so far in the connector view concept, is how to identify 
the interoperability problems when modelling the collaboration elements. This 
question was brought up for discussion when revisiting research question (RQ1) 
in section 7.2.1. In  the case studies used when researching the connector view 
concept the interoperability problems have been identified by using scenarios. 
To precisely identify the interoperability problems has however not been 
included in the approach of the connector view concept. This identification has 
to take into account both the collaborative activities and the infrastructure 
supporting them, a part which is well expressed in the framework presented by 
Chen and Daclin. It would therefore be of interest to more closely study this 
approach and see if it can be combined with the connector view concept. 

7.3.2 Research on how to unify different enterprise modelling languages 

Considering that there is a plethora of different languages and tools for 
performing enterprise modelling it becomes essential to be able to integrate 
models using different enterprise modelling languages. A research project that 
focuses on how to achieve such an integration of models is the UEML (Unified 
Enterprise Modelling Language) project. The purpose is to define an enterprise 
modelling language with a common format which can be used for sharing 
knowledge between models of different enterprise modelling languages. 
Examples where UEML could be applied is to directly translate a model from an 
enterprise modelling language to another; or to store knowledge from models 
expressed with different enterprise modelling languages in a repository which 
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uses UEML as the common format; or to share knowledge from models 
expressed by different enterprise modelling languages in an integrated 
enterprise modelling environment (UEML, 2002; Wohed, Andersson & Panetto, 
2005; Chen, Knothe & Zelm, 2005).  

When using the connector view concept, enterprise models from different 
collaborating partners need to be integrated. This will be less problematic if the 
available models are expressed with the same enterprise modelling language, 
which cannot always be expected. The connector view concept needs to be able 
to integrate models represented with different enterprise modelling languages. 
The translation possibility that the UEML project can provide may therefore be 
useful to combine with the use of the connector view concept. However 
problems can still exist since different enterprise modelling languages have 
different expressive powers. How to manage such incompatibilities is an open 
question but is something which probably should not be included in the 
connector view concept. 
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Chapter 8  
 
Conclusions and future development of the 
connector view concept 

 

8.1 Conclusions 

The purpose with writing this thesis is to search for answers to questions 
concerning interoperability that originate from working with problems related to 
interoperability. These questions have in this thesis been formulated in the 
following way: 

RQ1. What interoperability problems does the extended enterprise face? 

RQ2. What characteristics do enterprise models need to express in order to 
facilitate interoperability solutions concerning the extended 
enterprise? 

RQ3. In what way can enterprise modelling be supported by an enterprise 
modelling method in order to solve the interoperability problems in 
the extended enterprise? 

Besides focusing on interoperability the questions also focus on enterprise 
modelling and extended enterprises.  

The main contribution of this thesis is to provide a framework, called the 
connector view concept, for developing interoperability solutions in the 
extended enterprise by using enterprise modelling. The connector view concept 
comprises both the type of models and a modelling approach that can be used 
for modelling the collaboration in the extended enterprise.  

Two case studies were followed in order to investigate research question RQ1. 
the analyses of the results from these case studies showed that most 
interoperability issues are related to collaboration activities. The interoperability 
issues in these collaboration activities can be studied by the documents used and 
the scenarios that describe how stakeholders use the documents and the 
information in them. 
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In an extended enterprise mutual information assets are developed which need 
to be protected whatever happens in the extended enterprise. The enterprises 
collaborating in the extended enterprise provide part of their knowledge, which 
is essential for the collaboration to continue. Enterprise modelling, in the context 
of the extended enterprise, therefore needs to support the collaborative activities 
and the information exchange across the borders of the enterprises. This has to 
be done such that the enterprise models of the partners are independent and by a 
modular approach, which allow partners to both leave and enter the extended 
enterprise. 

An enterprise modelling methodology, that can support interoperability 
solutions in the extended enterprise, needs to guide how to capture collaborative 
activities in relevant model views and also guide how to interrelate available 
models with the collaborative activities. The connector view concept has been 
developed to respond to these needs. It comprises a principle model structure 
and an approach for how to perform the modelling. The model structure consists 
of a set of views such that both scalability and modularity can be achieved. It is 
however necessary to further develop and evaluate the connector view concept 
by applying it in additional case studies and thereby collect additional 
experiences. 

8.2 Future development of the connector view concept 

The most important areas for future development concerns to evaluate the 
results of the second turn in the DCR (the design cycle of the research), (section 
8.2.1), and to further develop the information view (section 8.2.2). 

8.2.1 Improving the approach defined in the connector view concept 

There are several improvements of the approach in the connector view concept 
that can be performed in a future research project. One has already been touched 
upon in section 7.3.1 namely the identification of interoperability problems. 
Another more encompassing improvement is to further develop the approach in 
the connector view concept so that it can be accepted as a methodology. Basically 
such an improvement of the approach to become a methodology would require 
to specify what improvements are necessary to do for each part of the approach. 
(E.g. how to incorporate an appropriate way of identifying the interoperability 
problems). Thereafter to outline how to achieve these partial improvements. 
Certain research questions have to be raised and become more accentuated such 
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as: What is a methodology in a scientific context? And what requirements need 
to be placed on a methodology? 

8.2.2 Modelling knowledge sharing 

The information view represents information that is common for several 
collaborating partners. However from which partner the information comes may 
not be visible from the information view. It is only possible to trace through the 
modelled relationships that a specific partner contributes with some of the 
information in an information object. It is not possible to determine how the 
parts of an information object are organised. How these parts internally are 
related and how this constitutes knowledge. 

A proposal for future development is to use variability modelling to represent 
the internal logic of the information objects and use this for integrating the 
knowledge from the different partners into the connector view concept. 
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