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enterprise, such as the relationship between collaboration and success. Knowledge 
on how to organise and manage collaboration is still very limited, however. 
Organisation and management of collaboration in a virtual enterprise requires a 
thorough understanding of the variables that are amenable to intervention in case of 
insufficient performance (George & Farris, 1998). To build the necessary 
knowledge, we need suitable models and tools in which the key areas are 
represented that influence collaboration in a virtual enterprise. 

In the Esprit 23286 project FREE (Fast Reactive Extended Enterprise), a 
framework has been developed for improving the quality of operation in a virtual 
enterprise. This framework is considered a first step in developing methods, tools, 
and techniques that support management of a virtual enterprise in improving 
collaboration and, thus, the quality of operation. The focus of the FREE project has 
been on virtual enterprises that exist only for the duration of a project on the 
development of a complex one-of-a-kind product. 

In this paper the framework will be presented including an example that 
illustrates the use of the components of the framework. The FREE project will be 
described in the following section including a brief introduction to the components 
that have been developed in the project. After that the FREE organisational model 
will be discussed in more detail. The example and a summary will conclude this 
paper. 

THE FREE PROJECT 

The FREE 23286 project FREE (Fast Reactive Extended Enterprise) has been 
performed from January 1996 until January 1998. Its goal was to develop 
management tools and methods to improve the way of working in a virtual 
enterprise. In satisfying this goal all key aspects that facilitate and support 
collaboration in a virtual enterprise had to be identified. 

In the FREE project, a virtual enterprise is viewed as an organisation. Therefore, 
all aspects that characterise an organisation have been taken into account. These 
aspects encompass the environment of a virtual enterprise, the shared processes, the 
people and means, and the organisation. In improving collaboration in a virtual 
enterprise all aspects have to be taken into account in an integrated way to support 
deliberate choice for organisational areas to be improved and thus prevent local 
optimisation. 

The project has led to four deliverables: 
1. A generic organisational model (FREE organisational model (Wognum & 

Faber, 1998)), in which potential problem areas with respect to collaboration in 
a virtual enterprise are represented. The model is built from key elements and 
relationships that allow managerial intervention. The purpose of the model is to 
describe an existing virtual organisation and to provide a scoping mechanism 
for problems that have been detected, which means that the model supports 
selection of the relevant part(s) of a virtual enterprise that need(s) to be 
improved. 

2. A Capability Assessment Framework (FREE-CAF (Lebrun et aI., 1998a; 
Lebrun et aI., 1998b; Lebrun et aI., 1998c)) that supports assessing current 
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practices in a virtual enterprise and selecting applicable key practices at several 
maturity levels both in a virtual enterprise and in its partner organisations. 
Assessment of partner organisations is aimed at identifying their capability to 
participate in the virtual enterprise. The FREE-CAF provides support in 
deciding on what to change in the selected part of the virtual enterprise. It is 
based as far as possible on the CMM theory, structure and terminology 
developed by SEI-CMU. The FREE-CAF contains an extensive library of key 
practices for a virtual enterprise and its partners. 

3. A Performance Measurement Method (FREE-PMM (Arfman et al., 1998)) that 
supports measuring the performance of (collaboration in) a virtual enterprise in 
operation. The method applies both to the performance of an improvement 
project and to the daily operation of a virtual enterprise. The FREE-PMM 
addresses the most important issues concerning the definition and use of a 
performance measurement method. It consists of a methodology to develop a 
performance measurement method for a specific virtual enterprise as well as 
practical examples of the use of such a method. 

4. An Improvement Framework (FREE-IF (Hoekstra et al., 1998)) that provides an 
integrated method for improving a virtual enterprise in operation. In the 
framework all other deliverables of the FREE project have been integrated. The 
FREE-IF provides the starting point for improving the quality of operation of a 
virtual enterprise. It provides a default scenario that has to be adapted to specific 
types of a virtual enterprise. 

5. A specific version of the FREE deliverables for SMEs has been developed 
(Gosset et al., 1998a; Gosset et al., 1998b). The SME adaptation contains 
simplified versions of the FREE-CAF, the FREE-PMM, and the FREE-IF based 
on concrete experiences. The FREE organisational model has played an 
important role in structuring the capabilities for SMEs. 

The deliverables of the FREE project are based on extensive knowledge of the 
FREE project partners on projects performed in partnership and on the literature on 
virtual enterprises. The deliverables have been validated by peer reviews. The 
deliverables have to be evaluated and refined by applying them in practice. This will 
be part of follow-up projects. 

The deliverables of the FREE project can be used in a continuous cycle of 
measurement, analysis, redesign, and improvement. This cycle, as depicted in figure 
I, is based on the well-known Shewhart-Deming cycle as described by Crosby 
(1979). The FREE-IF is based on this improvement cycle. 

A problem, for which an improvement initiative is started, can be detected in two 
ways: 1) by applying performance measurement, and 2) by people at any level of the 
virtual enterprise. After the decision has been made to tackle the problem, the plan 
phase starts. In this phase, an improvement goal, a so-called business issue, is 
defined. The scope of improvement is determined by applying the FREE 
organisational model. The model relates business issues to specific model elements. 
These model elements have to be instantiated for the specific case at hand. The 
model elements in turn are related to specific key practices in the FREE-CAF and to 
performance measurement indicators in the FREE-PMM. By selecting applicable 
key practices and performance indicators, improvement initiatives can be defined. 
The do phase can then start with the defmition and execution of one or more 
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improvement projects. This phase is alternated with the check phase in which 
performance measurement is applied to check the progress and effects of the 
improvement efforts. Measurement may lead to the act phase. In this phase, the 
improvements are I) accepted, when the improvement goals have been achieved, 2) 
continued, when the improvement project is still on the right track, or 3) adapted, 
when large discrepancies exist between the improvement goals and the actual 
achievements. In the last case the cycle starts again with the plan phase. 

Development or 
improvement plan: 
'Soopina 
'Capabi li1)' usessment 
·Improvement from"",,'" 

Decision making 

Business cases 

Figure 1 - The FREE improvement cycle 

THE FREE ORGANISATIONAL MODEL 
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In the FREE project a virtual enterprise is considered as a special case of a 'normal' 
organisation. Therefore, the FREE organisational model is based on existing models 
in organisational science. In the FREE project, emphasis has been put on 
collaboration that is generally considered as a primary success factor. In the next 
subsection collaboration in a virtual enterprise will be discussed followed by a 
presentation of the FREE organisational model. 

Collaboration in a virtual enterprise 

Collaboration is a vague notion that is hard to define. Different defmitions have been 
given for collaboration (see e.g., Pinto & Pinto, 1990). To be able to understand 
collaboration the constituting elements of collaboration should be identified. In the 
FREE project we have defmed collaboration in terms of structural alignment and 
communication. 

Communication is viewed as an essential part of collaboration. Especially 
informal communication is an important indicator of the level of collaboration 
(pinto & Pinto, 1990). Communication is part of the processes in an organisation. 
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Through communication activities information is exchanged within and between 
transformation activities, such as management activities, primary activities, and 
support activities. Communication encompasses communication between the people 
participating in the virtual enterprise, i.e., communication between the partners, and 
communication between a virtual enterprise and its environment. Communication 
between a virtual enterprise and its environment consists of communication between 
a virtual enterprise and its customers, its competitors, legal bodies, etc., but also with 
the parent organisations of partners. 

Processes in an organisation, including collaboration, depend on structural 
alignment between organisational elements. Structural alignment is a property of 
relationships between elements of an organisation which can be expressed in terms 
of integration between these elements and mutual fit (see e.g., (Galbraith, 1977; 
Paashuis, 1997)). In a virtual organisation, structural alignment means alignment 
between partners in a virtual enterprise, and between partners and their parent 
organisations, and between parent organisations. 

The relationship between collaboration on the one hand and structural alignment 
and communication on the other can be viewed as a two-way relationship. First, 
collaboration can be defined as the outcome of structural alignment of organisational 
elements. Alignment between organisational elements consists, e.g., of the 
following: 
• Alignment of goals both within an organisation and between organisations; 
• Alignment of goals and the environment of a virtual enterprise; 
• Alignment of activities both within one process and between processes; 
• Alignment of people in terms of skills, interpretation frameworks, attitudes, or 

culture; 
• Alignment of means between the partners in a virtual organisation; 
• Alignment of organisational arrangements between a virtual organisation and its 

partners and between partners. 
For example, large differences between organisational arrangements may lead to 

different expectations, people waiting for each other and much time lost. 
Second, collaboration depends on communication. Without communication, 

people will hardly be able to collaborate. Communication also depends on the level 
of structural alignment. For example, it is obvious that insufficient alignment 
between communication support tools hampers communication. Collaboration in 
this case will be far from optimal. 

Vice versa, structural alignment and communication can be viewed as an 
outcome of collaboration. Collaboration influences the level of structural alignment 
and may lead to changing the organisational elements involved. Communication 
often provides the way to influence structural alignment. For example, 
communication of differences in goals may lead to a better alignment of those goals, 
while communication of the organisational arrangements that people have to commit 
to in their parent organisations may lead to better understanding and, consequently, 
to better alignment of people's attitudes. Collaboration also directly influences 
communication. Especially informal communication is an indication of the level of 
collaboration (Pinto & Pinto, 1990; Kahn,1994). 

In the FREE organisational model, structural alignment between the 
organisational elements in a virtual enterprise is modelled. A desired level of 
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structural alignment may be achieved by implementing key practices in a virtual 
enterprise and the partner organisations involved. Such key practices are modelled in 
the FREE-CAF. The performance of communication in a virtual enterprise, on the 
other hand, can be measured by applying the FREE-PMM. The relationships 
between the FREE organisational model, the FREE-CAF, the FREE-PMM, the 
processes in a virtual enterprise, including communication and collaboration as part 
of those processes, is depicted in figure 2. 

Figure 2 -Coherence between the FREE organisational model, the FREE-CAF, 
and the FREE-PMM. 

The FREE organisational model 

The FREE organisational model is based on the process based contingency model of 
organisations developed at the University of Twente (Hulshof, 1976; Krabbendam, 
1988; Boer & Krabbendam, 1993; Weerd-Nederhof, 1998). The model is used to 
describe and analyse several different business situation in many Master and Ph.D. 
projects (see e.g., (Boer, 1991; Schuring, 1997; Paashuis, 1997; Wognum et aI., 
1997)). The FREE organisational model explicitly identifies the different contexts 
involved in a virtual enterprise. These different contexts complicate collaboration in 
a virtual enterprise. The contexts consist of the virtual enterprise itself and those of 
the partner organisation. In figure 3, the different contexts have been depicted. The 
model elements and relationships have been represented in Object Modelling 
Technique (OMT) developed by Rumbaugh et al. (1991). 

The virtual enterprise is represented as an organisation with its own goals, 
strategy, environment, and product to be developed. The product must satisfy 
(potential) customer needs that are derived from the environment. The goals and 
strategy of a virtual organisation must be aligned with the customer needs to be 
satisfied. The product may consist of parts. 

The virtual enterprise consists of two or more partners, each of which is part of a 
parent organisation. The product and its parts are developed and produced by the 
partners of the virtual enterprise. 

Each parent organisation is also an organisation with its own goals, strategy, and 
environment. For collaboration in a virtual enterprise especially the collaboration 
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strategy and goal are important. The goals and strategy of a partner should be 
sufficiently aligned to the goals and strategy of the virtual enterprise. 

Figure 3 - The FREE organisational model 

To achieve the goals of the virtual organisation processes have to be performed 
both in the virtual organisation and each of the partners. The partners perform the 
primary processes controlled and supported by local management and local support 
processes. In the virtual organisation shared processes are performed that have been 
specifically designed for the virtual enterprise or have been specifically selected 
from partners. These shared processes are the strategic, adaptive, and operational 
management processes and the support processes. The FREE project has specifically 
focused on the adaptive (improvement of the quality of operation) and operational 
management processes (daily planning and control) and the support processes. The 
support processes are, e.g., team building, resource management, and product data 
management. Communication in the primary process has been included in the FREE 
project's scope, while the primary process itself has been left out, since each partner 
is considered to be capable of performing the necessary transformation activities in 
the primary process. After all, partners have been selected because of their 
competence. 

In figure 3, the organisational elements are shown characterising a virtual 
enterprise and its partner organisations. These elements are the processes performed 
by a virtual enterprise and by its partners, the resources needed to perform the 
processes and the organisational arrangements to co-ordinate and divide the work. 
Processes consist of one or more activities, which in turn may consist of lower-level 
activities. Activities are performed by resources, which are the people and means in 
an organisation. Organisational arrangements consist actually of relationships 
between organisational elements: 
• Relationships between activities, such as the activity and process structure; 
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• Relationships between people and means, such as the working environment and 
the technological environment; 

• Relationships between activities and people and means, such as the assignment 
structure that consists of the assignment of tasks, responsibilities, and 
authorities to people. The structure of meetings and teams are part of this 
assignment structure. 

Organisational arrangements can be both formal and informal. Formal 
arrangement can be stated in procedures that are often officially written down in 
quality handbooks. Other arrangement may consist of generally accepted working 
routines that are not necessarily part of a quality handbook. A part of the 
arrangements is embedded in the culture of an organisation. 

Activities can be specialised in transformation and communication activities. 
Transformation activities transform input information on the product and the process 
into output information. Communication activities transfer this information from one 
activity to the other. As can be seen in figure 3, the information on the product and 
process is processed and delivered by both the virtual organisation and the partners 
involved. This means that procedures, standards, formats, etc., agreed upon in the 
virtual enterprise are affected by procedures, standards, formats, etc. that exist in the 
parent organisations. 

People performing processes both in the virtual enterprise and the parent 
organisation they belong to have to deal with different contexts, namely the virtual 
enterprise and the parent organisation. As part of the virtual enterprise, they have to 
conform to the organisational arrangements of the virtual enterprise. On the other 
hand, as part of the parent organisation, they also have to conform to, or at least are 
influenced by, the organisational arrangements of the parent organisation. Large 
differences between the organisational arrangements of the virtual enterprise and 
parent organisations may lead to dual loyalty problems of the people involved. 

The means that are used to perform the processes to achieve the goals of the 
virtual enterprise are also delivered by parent organisations. Large differences 
between the means, such as word processors, CAD systems, or document 
management systems may severely hamper communication and collaboration. 

The blackboxes of activities and organisational arrangements can be opened 
again as has been indicated in the text. For reasons of space limitations we leave out 
the figures with the lower-level elements. Readers interested in the refinements are 
referred to the FREE organisational model document (Wognum & Faber, 1998). 

At an abstract level, the FREE organisational model represents the potential 
problem areas that can be found in the literature and that have been observed in 
practice. The model is applicable to virtual enterprises collaborating on the 
development of a new product. Each product development project is different and 
requires specific activities, knowledge and skills, means, and organisational 
arrangements to achieve the goals. The model has to be instantiated for each specific 
virtual enterprise to be able to denote problem areas that are specific for that 
particular virtual enterprise. The model helps to systematically list the classes of 
problems that may occur and thus helps to identify existing problems. In the FREE 
project the model served as a scoping mechanism. It links specific business issues to 
model elements, which, in turn, are linked to key practices and performance 



An improvement framework for virtual enterprises 373 

indicators. The example given below illustrates the use of the model as a scoping 
mechanism. 

AN EXAMPLE 

To be able to use the model as a scoping mechanism, the problem that has been 
observed needs a preliminary analysis to be able to defme the desired situation in 
terms of goals to be achieved. The following steps can be performed: 
1. Identify the collaboration problem that has to be solved. This problem may have 

been identified by means of the FREE-PMM that focuses on measuring the 
performance of process operation with a specific focus on collaboration. 

2. Define the process that contains the problem. This process will be called the 
focus process. The focus process will most often be a transformation process, 
e.g., a management process, a (particular phase in the) primary process, or a 
support process. 

3. Define the desired situation that will solve the problem. The desired situation 
can be considered as the business issue for an improvement initiative. 

4. Identify which part of the organisation must be improved. To support this task, 
business issues have been related to model elements that represent the 
organisational parts that may be addressed. Select the model element(s) that are 
most relevant for the situation encountered. 

5. Analyse the problem situation in depth by means of capability assessment. To 
this end, select possibly relevant Key Process Areas (KPAs) by traversing the 
links from model elements to KP As. Select from the list of KP As the most 
relevant KP As to solve the problem at hand. The goals stated for each KP A 
(Lebrun et aI., 1998c) may support the selection task. 

6. Define improvement actions. The FREE-IF (Hoekstra et aI., 1998) will support 
this task. 

7. Select appropriate performance indicators to be able to check the performance 
of improvements from the selected KP As and by traversing the links from 
model elements to the FREE-PMM (Arfman et aI., 1998). 

Below, we will give an example of the steps given above. 
Suppose, we have observed that documents to be reviewed in a collaborative 

product development project are too late. This problem will contribute to passing 
deadlines, which may lead to increased costs. The business issue to be chosen is 
'Reduction of product development duration'. This business issue can be refined 
into lower-level business issues that are presented in Table 1. 

Each of these business issues may be further refined. For example, resources 
availability can be refined into the availability of people and means, while the issue 
on interfaces can be refmed to incorporate the different types of organisational 
arrangements. 

We will choose the business issue 'improved interfaces', because we have 
observed that on this point some improvements may be necessary. From the issues 
on 'Improved interfaces' we choose 'Process and activity structure' from the model 
elements, since we have the impression that tuning of activities between partners 
could be improved. 
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Table 1 - Business issues on reduction of product development duration 

ReductioD or product development duration 

Alignment of strategy and goals 

Enhanced reusability of product parts 

Improved project control 

Improved resource availability 

Improved interfaces between a virtual enterprise and parent 
organisations 

The next step is to find applicable Key Process Areas that can be applied to 
improve the quality of operation of the virtual enterprise. From the list of KP As that 
relate to 'Process and activity structure' we choose 'Shared process definition'. This 
KP A deals with the development, implementation, and maintenance of interoperable 
processes. From this point on we can follow the guidelines of the FREE-CAF. In the 
FREE-PMM suitable performance indicators can be found to monitor the 
effectiveness of the improvement actions. 

The steps we have shown can support a business analyst in identification, 
analysis, and improvement definition of problems with respect to the quality of 
operation of collaboration in a virtual enterprise. Our approach does not yet support 
the improvement process, but can be used to plan and monitor the effectiveness of 
the improvement. The strong point is that it supports an analyst and people 
participating in a virtual enterprise that are involved in the problem domain, with a 
systematic and structured list of business issues and KP As that can solve these 
issues. In our view, people in an organisation often have an idea of the problem at 
hand, but require some support in finding its causes and corresponding solutions. 
The solutions we provide through the model elements and the KP As are sufficiently 
generic to be applicable to a large set of problem areas in inter-organisational 
product development. On the other hand, they are expected to help people to defme 
improvement initiatives that are specific for the situation at hand. 

SUMMARY AND FURTHER WORK 

We have presented a framework for improving the quality of operation of a virtual 
enterprise with a specific focus on collaboration, which is considered a key success 
factor of a virtual organisation. The framework has been developed in the Esprit 
23286 project FREE (Fast reactive Extended Enterprise) that finished in january 
1999. The components of the framework have been briefly described. One of the 
components has been described in more detail, namely the FREE organisational 
model that represents the key problem areas with respect to collaboration. The 
model is based on an existing model from organisational science, which is the 
process based contingency model of organisations, developed at the University of 
Twente. This model identifies not only the (complex set of) processes in an 
organisation, but also the people and means that perform the processes, the 
organisational arrangements that divide and co-ordinate the processes in terms of 
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relationships between the processes, people and means, as well as the environment, 
strategy and goals that have to be satisfied. 

The model forms a central part of the deliverables of the FREE project, because 
it provides a structured and systematic index into the Key Process Areas in the 
FREE-CAF and to performance indicators for specific business issues. A business 
analyst, with the help of people participating in a virtual enterprise, can select 
business issues applicable to the problem at hand, select model elements that relate 
to the part of the organisation that encounters the problem, and select appropriate 
KP As and performance indicators. These KP As and PIs have to be further tuned to 
the specific situation. 

The FREE model and other deliverables of the FREE project are based on 
extensive knowledge of the FREE project partners on multi-site project 
management, organisation, and communication. The deliverables are ready to be 
tested in practice. To plan and monitor experiments and further development, a 
FREE Special Interest Group was recently established. Application of the 
framework is expected to contribute to the body of knowledge needed to refine the 
components of the framework. Such refinements are necessary to support 
management of collaboration in different types of virtual enterprises. 
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