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Abstract. Distributed innovation processes are considered as a new option to 

handle both the complexity and the speed in which new products and services 

need to be prepared. Indeed most research on innovation processes was focused 

on multinational companies with an intra-organisational perspective. The 

phenomena of innovation processes in networks – with an inter-organisational 

perspective - have been almost neglected. Collaborative networks present a 

perfect playground for such distributed innovation processes whereas the 

authors highlight in specific Virtual Organisation because of their dynamic 

behaviour. Research activities supporting distributed innovation processes in 

VO are rather new so that little knowledge about the management of such 

research is available. With the presentation of the collaborative network 

relationship analysis this gap will be addressed. It will be shown that a 

qualitative planning of collaboration intensities can support real business cases 

by proving knowledge and planning data.  

Keywords: distributed innovation processes, Virtual organizations, 

collaborative network relationship analysis. 

1   Introduction 

Companies are forced to shorten and improve their innovation cycles in order to 

stay competitive in the global market [1] and [2]. A good example for a short 

innovation cycle in a new market segment shows the introduction of the iPhone. 

Apple was able to create from the scratch a world-wide successful mobile phone. The 

success of the iPhone is based on an attractive design, the concept of being 

permanently online and a new and innovative user interface technology [3]. The 

question is how Apple was able to manage these challenges successfully without 

being active in the mobile phone industry before. The approach in this case was to 

integrate experienced partners with complementary core competencies into a 

collaborative network. The aim of this collaboration was to design a new and 

innovative product by sharing and combining previously isolated and distributed 

knowledge. This successful example demonstrates the potential impact of 
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collaborative networks on innovation projects. As unpleasant side effect, 

collaboration within innovation projects always includes an increasing number of 

risks. Examples for those risks are the lack of synchronization due to the distribution 

of tasks and responsibilities, competing goals of the collaborating partners or the 

possible loss of intellectual property of certain partners.  

 

Having the benefits on the one hand and the risks of distributed innovation 

processes on the other hand, the question is how to exploit the collaboration benefits 

while coping with the risks. The principle of the Collaborative Network as new 

organisational framework has been introduced by many authors [4], [5], [6] and [7]. 

As a special type of the Collaborative Network, the Virtual Organisation (VO) 

represents the task specific, short term alliance between independent companies. Due 

to its temporary character, the VO is the suitable collaboration type to create 

collaborative innovations based on identified business opportunities [8]. Here the 

analysis of collaborative relationships is a very important subject which needs further 

investigations. 

 

The paper proposes an approach to plan and to maintain the individual relation-

ships within a VO on an operational level, based on a quantitative characterization of 

these relationships. Specific attention will be paid to both the conceptual presentation 

and a basic mathematical representation of the approach. The application of the 

proposed approach, the so called “Collaborative Network Relationship Analysis 

(CNRA) will lead to an improved operational management of distributed innovation 

processes in Virtual Organizations. Finally, the CNRA is evaluated in an industrial 

case of a Virtual Organization in the automotive supplier industry. 

2 Perspectives on collaborative network relationship analysis 

supporting innovation processes 

Innovation management can be seen from two perspectives: While the strategic 

perspective covers mainly innovation strategy and innovation organization (Gerpott 

1999), the operational perspective deals with the design and management of 

innovations projects. A lot of research has been done to conduct innovation processes 

on the operational level. Approaches such as the Stage Gate method [9], the 

Innovation Funnel, Fuzzy Front end [10] or Process Diagram [11] have been 

introduced to maintain mainly innovation processes on an intra-organizational level. 

Distributed innovation processes in Collaborative Networks and especially in Virtual 

Organisations (VO) have been subject of several recent PHD thesis [12]. However the 

results are still in a nearly stage in comparison to the large amount of research 

analyzing intra-organisational innovation processes e.g. in multinational companies 

[13]. Additionally, most of this research is dedicated towards the optimization of the 

strategic perspective [14]. So far, an approach to better understand the operational 

issues of managing distributed innovation processes in VO is missing.  

The operational management of distributed innovation processes in Virtual 

Organizations can separated in early stage innovation phases (focus on ideas 
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management [15] and late innovation phases (focus on innovation project 

management [16]. Whereas the financial risks in the early phase are comparatively 

low, the management of distributed innovation processes becomes in later phases a 

decisive issue due to the increasing usage of resources and necessary investments. 

Consequently an approach is needed which both plans and controls the distributed 

innovation processes in the late phase.  

Whereas the single site company as well as stabile Supply Chains or Extended 

Enterprises led by an OEM do have homogenous and synchronized goals and motives 

within an innovation project [12], in VOs the objectives and interest of the partners 

are normally very divergent and heterogeneous due to the independency of the 

partners. The distributed innovation processes in the Virtual Organization are based 

on the achievement of competing and synergetic objectives in the same time and the 

share of the related risks. 

Consequently, the understanding and consideration of heterogeneous interests of 

the partners (nodes) within the VO as well as the harmonization of these interests 

when setting up the relationships (links) between the partners are essential success 

factors of innovation processes in VOs. The intensity of the bilateral relationships 

between the VO partners needs to be designed according to the specific collaboration 

needs of these partners during the entire innovation project.  

3   ANALYSIS OF COLLABORATIVE RELATIONSHIPS 

The analysis of collaborative network relationships has been introduced with the 

developments of the social network analysis [17]. The social network analysis was 

focusing on quantitative approaches analyzing nodes and edges. Recently qualitative 

approaches have been developed to supplement the quantitative approaches. In the 

following sections quantitative and qualitative approaches will be described and 

potential and limits will be illustrated. 

3.1 Quantitative approaches 

The application area of the network analysis is very broad [18]. Especially the 

developments in the social network analysis led to many approaches (Wassermann 

and Fausst 1994) and a high number of tools [19]. Meanwhile business oriented study 

results are available focusing on the application of the methods of the network 

analysis in companies [20]. The authors were analyzing intra-organisational networks 

from the BASF corporate group. A recent study discusses the analysis of ICT aspects 

in the Siemens Corporation [21]. Ellmann has analysed two indicators out of many in 

the framework of the quantitative network analysis. Specifically she has studied the 

density and centrality of nodes within a network. Consequently the methods of the 

social network analysis arrived in the framework of business management. In general 

the quantitative network analysis is divided into three phases: data acquisition, data 

representation and data analysis [20]. Indeed there are different methods available to 

collect, structure and evaluate quantitative data [22].  
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The quantitative network analysis captures network structures by using 

mathematical calculations, which implies a very formalistic way of handling network 

relationships. In fact this has been the basis for a lot of criticism towards quantitative 

procedures of the network analysis [20]. Basically two points can be summarized: 

 

• Too Static: Due to the different measurement of various characteristics, the 

procedures of network analysis are able to construct networks in deep 

according to their structure but content, and dynamics of relationships cannot 

be captured. Additionally, lacking consideration of context awareness seems 

to be a problem [23]. 

• Difficult translation from experiences into numbers: As a matter of fact 

the quantitative description necessary to operational qualitative characteristics 

by using indicators is to a certain extent impossible. Indeed an actor which is 

acting a long time already in the network can be a layman considering 

network analytic methods. But – and this is important – such a layman can 

most probably understand and translate the network behaviour due to his 

experience better than every network analyst. 

 

The quantitative methods for network analysis can be used specifically in those 

situations in which already a lot of knowledge about the behavior of the network is 

available. This knowledge can be used within a precise analysis leading to concrete 

results. Additionally a narrow and precise research question should be formulated to 

make it understandable. In case of rough investigated research fields and non precise 

research questions the quantitative methods and not recommended. The research field 

should not have many explorative elements. 

3.2 Qualitative approaches 

Indeed it is a question of the massive criticism towards the quantitative network 

research that qualitative network analysis is getting increasing attention. In 

comparison to quantitative approaches the usage of qualitative approaches is still in 

its beginning. 

Qualitative methods for network analysis aim to transfer the layman theories of 

members of the virtual organisation about relationship constellations in the network 

analytical outward perspective. Exactly this transfer can be seen as the main objective 

of qualitative network research methods. 

When it is made possible to interpret the actor’s behavior in networks for outsiders 

in a transparent manner, then the network analysis touches ground, which were closed 

so far [23]. For this reason the qualitative network analysis can give direction for the 

network analytical research in general. Instruments which can capture and analyse 

both dynamic and temporal changes in the network can be seen as biggest conceptual 

challenge for research. The qualitative network research offers opportunities for doing 

this [18]. 

The qualitative network analysis can in the same manner as for the quantitative be 

divided in data acquisition, data representation and data analysis. The main difference 

lies in the kind of instruments and the respective questions. Naturally the qualitative 
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network approaches are analyzing different instruments focusing less on mathematical 

accuracy but more on gathering and understands layman theories. 

A nice overview about more qualitative tools for network analysis can also be 

found at [19]. Additionally, Hollstein [18] discusses the whole range of tools. 

 
In order to achieve transparency by using qualitative research methods, the 

network researcher must enter the subsurface structure and the social reality of the 

network actors. This complex task gets even more difficult, because there is no 

common language between network actor and network researcher. While the network 

researcher is able to capture emotional and systematic characteristics of networks and 

transfer that to a comprehensive language, actors within the network might not 

understand this. Contrariwise it will be very difficult to translate layman theories into 

a network describing formal language. This is especially true because there is no 

commonly accepted network language which offers much room for interpretation 

[23]. 

 

The qualitative network analysis highlights context conditions such as trust and 

emerging standards. The analysis can be used as a form for exploring new issues such 

as innovation processes. Additional qualitative network analysis methods can be used 

for interpreting each actor, subjective perceptions and guided orientations [18]. 

However the results of the qualitative network analysis are always subjective because 

they are based on prognosis and estimates. In the case of this chapter both procedures 

are sued to investigate innovation processes.  

4   CONCEPT OF THE COLLABORATIVE NETWORK RELA-

TIONSHIP ANALYSIS (CNRA) 

This chapter discusses the CNRA as qualitative approach to support the planning and 

maintenance of innovation processes. 

4.1 Concept and method 

The concept of collaborative network analysis is based on some assumptions and 

basic conditions. The main assumption is that a group of companies have the intention 

to cooperate. In other words they are not carefully analyzing “make-or-buy” or 

deciding if collaboration is the right way to do the things. The SME have simply 

decided to collaborate in order to bring together resources, Knowledge and core 

competencies. The basis for the collaborative network analysis is the identification of 

the needed collaborative relationships. In a second step the collaboration intensity 

have to be specified. Another assumption is that the collaboration intensity varies 

substantially within the different tasks in cooperation. Thirdly it is necessary to 

forecast the needed interactions differentiated in 6 categories. Finally these issues 

have been supplemented by a model to analyze innovation processes (see Figure 1). 

 



18 Jens Eschenbächer, Marcus Seifert, Klaus-Dieter Thoben  

Collaborative network analysis

Method to analyse colloborative
relationships

Phase 
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Identification of interactionsCollaboration intensity

Phase models can be used to analyse innovation processes
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relationships

 

Figure 1: Concept of the collaborative network analysis 

Based on the concept of Figure 1 the collaborative relationships have to be 

forecasted and analyzed. The aim is to identify all three the relationships, the 

interactions within these relationships and the optimal collaboration intensity between 

the partners. Based on these conceptual ideas the collaborative network analysis 

method has been proposed which is shown in Figure 2. 
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Figure 2: Method of Collaborative network analysis (CNRA) 

Basically the method differentiates three phases: 

• Planning phase: in this phase the stage for cooperation is being set.  

• Configuration phase: In this phase stage-gate model will be build on the basis 

of collaborative relationships and ICT system will be selected. 

• Usage/Evaluation phase: In this phase the success of the forecasting results 

will be evaluated. 

 

In the following the three sub-phases of the planning phase of the method is briefly 

described: 

1. Determine competencies and network structure: First the necessary 

competencies and the network structure need to be identified. This is done 
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based on the identification of collaborative relationships, their respective 

interactions with their divers’ intensities. 

2. Present cooperation partners: In this step a value chain model is being used 

to analysis the competencies of the nodes. 

3. Derive cooperation intensities: In this step the deduction of cooperation 

intensities is taking place which finally led to the specification of 

cooperation intensities on the level of interactions.  

 

In the following two sub-phases of the configuration phase of the method is briefly 

described: 

1. Configure stage-gate model: In this step the stage gate model is build on the 

basis of collaborative relationships, intensities and interactions.  

2. Select and assign ICT-systems: Select appropriate ICT-tools to support the 

innovation processes. 

 

Finally the evaluation phase – sub-phase 6 – use and evaluate applications – 

analysis if the forecast and planning of the VO was successful or not. Here the focus 

is on the quality of the forecast of collaborative relationships and the forecast of ICT 

tools. 

4.2 Derive collaboration intensity: Application in a case study  

The ideas of collaborative relationships have been introduced in the previous 

section. In order to develop the collaboration intensity a five-step approach has been 

developed which links the needed information towards the identification. Figure 3 

shows the developed approach to specify the collaborative relationships. 

Definition of objectives

ICT administration

complexity

interdisciplinary cooperation

Conflict potential

Adjustment necessity

Dependency of planning

Information deformation

1. Innovation-promoting interactions

2. Tangible-means related interactions

3. Legal interactions

4. Financial interactions

5. Personal interactions

6. ICT-related interactions

Step 1: Identification of Interactions 
within categories

Step 2: Variables Step 3: Investigation of the collaboration
intensity

0 - 1,9 points

2 – 3,9 points

4 – 5,4 points

5,5 – 6,9 points

7- 8 points

Estimate about cooperation intzensity

by using a scoring system:
difficult: 1

medium: 0,5
simple: 0

Step 4: Specififaction of the collaboration 

intensity by following steps 1-3 Step5: Identifying the collaborative relationsships on the basis of 
evaluated interactions

Criteria Interaction

I1 I2 I3 I4 I5

Def inition of  

objectives

0 0,5 0,5 1 0

ICT 

management

0,

5

1 1 0,5 0

Complexity 0,

5

0,5 1 1 0,5

Identification of collaborative relationships with 

evaluated interaction

 

Figure 3:  Approach to specify the collaborative relationships 
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1. All identified interactions within the forecasted VO are collected. 

Additionally the interactions will be specified towards one of the six 

categories. 

2. The variables are selected. 

3. The variables are evaluated by using a simple method. An estimated about 

the collaboration intensity is investigated by a simple scoring system. This 

scoring provides ideas about the potential difficulty to conduct the 

interaction. 

4. The collaboration intensity will be specified on the basis of the scoring result 

from the previous step. 

Finally the collaborative relationships are specified by using the evaluated 

interactions. 

4.3 Exemplary usage of the CNRA method 

Based on the description of the previous section an example for the application of 

the CNRA method is presented here. In sub-phase 1 the competencies and the number 

of network partners have been investigated. Four partners collaborate within an 

innovation project. Altogether five competencies have been selected. The different 

partners do bring in such competencies in the collaboration. In the first place such 

competencies are based on interactions which are so far neither coupled nor further 

specified. The logical structure of the connections between the different competencies 

is shown in Figure 4. Here the interactions are not evaluated in a quantitative or 

qualitative manner. Finally Figure 4 presents the result of sub-phase 3 of the planning 

phase. Basically the approach has been applied to identify the type of interactions, the 

intensity of interactions as basis for and the interaction value chain. This Figure 

illustrates the forecasting approach clearly. The main objective is the identification of 

the needed competencies with the SME collaboration and to evaluate them. The color 

codes indicates the different interaction types. 

 

MF

VE PE

MF

DS

MF DS4

DS

PR

1. 2. 3. 4. 5.

1. Innovation-promoting interactions

2. Tangible-means related interactions

3. Legal interactions

4. Financial interactions

5. Personal interactions

6. ICT-related interactions

VE= Pre-development
PE= product development
MF= market research
DS= Design
PR= Production  

Figure 4: Specification of collaboration intensity 

The collaborative network analysis provides a detailed way to better understand 

and forecast collaborative relationships. From an application point of view the method 
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focuses on an operational support for innovation project. The results provide a 

detailed overview about the concept of collaboration intensity on the level of edges 

between nodes.  

5. RESULTS AND CONCLUSIONS 

The method shall be used to support the forecasting innovation processes in VO. 

The CNRA focuses more on the forecasting of business developments. However both 

methods deliver ex ante suggestions of potential developments so they can be 

considered as explorative approaches. The results of the CNRA can be summarized as 

follows: 

• Structural dimension:  Short-term / mid-term planning of actors and their 

relationships; Network structure; Specification of necessary relationships, 

Roles of VO partners; Value chain structure 

• Functional dimension: Design of distributed business process by using Porter 

Value chain model; Stage-Gate-Process; Collaboration intensity, 

Understanding of secondary value chain processes 

 
In general the example illustrates a major improvement in their planning and 

forecasting activities by using the proposed approaches.  

• More transparency about log, mid- and short term planning, 

• Awareness about the usefulness about the usage of a VBW, 

• Clear scenarios about potential developments of cooperation projects by 

using the CNRA an 

• Better understanding about the evolution and metamorphosis of VBE and 

their respective partners. 

It can be summarized that the proposed concepts do support VO in their ability to 

conduct planning and forecasting in an open, collaborative environment. 
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