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Abstract
In the literature on collaborative governance, it is often assumed that collaborative capacity (i.e., 
the ability of actors to coordinate their activities around public issues in a collaborative fashion) 
is primarily generated during the collaborative process itself. In this article, we show that collabo-
rative capacity can already emerge before the start of collaborations, in the form of a common 
ground and the bridging position that some actors attain through their involvement in different 
projects that build up to the collaboration. We introduce a conceptual framework that captures 
these dimensions of collaborative capacity, and we present �ndings on two case studies to test 
several propositions, using an approach called event sequence analysis. We �nd that in both cases 
a common ground develops before the start of collaborations and in�uences the aims that are 
chosen during the collaborations themselves. We also �nd that actors that attain a bridging posi-
tion before the collaboration play an important role in assembling building blocks for collabora-
tion together. Our �ndings have relevance primarily for regional collaborations that involve large 
numbers of professional organizations.

Introduction
The concept of collaborative governance has attracted 
the attention of a wide range of researchers and prac-
titioners in the �eld of Public Administration. Induced 
by environmental turbulence and the failure of single 
sectors to address increasingly complex public prob-
lems (Bryson, Crosby, and Stone 2006), arrangements 
that bring together actors across sectoral boundaries 
have emerged in practice to such an extent that they 
have become an object of study. Currently, there are 
at least three comprehensive frameworks that aim to 
integrate the various insights gained on collaborative 
governance (Ansell and Gash 2008; Bryson, Crosby, 
and Stone 2006; Emerson, Nabatchi, and Balogh 
2012). These frameworks seek to provide an expla-
nation for the differential success of collaborative 
arrangements. Each framework identi�es conditions 
or qualities that contribute to successful collabora-
tion, such as mutual trust and understanding, leader-
ship, knowledge resources, commitment, and so on. 
These can be understood as different dimensions of 

collaborative capacity, that is, the capacity of a group 
of actors to coordinate activities in a collaborative 
fashion with the aim of tackling public issues. The 
various dimensions of collaborative capacity are typi-
cally assumed to come about during the collaborative 
process, as intermediate outcomes of the interactions 
between the collaborating actors. There is little to no 
attention for the development of collaborative capac-
ity before the start of the collaborative process. The 
legacy of previous cooperative or con�ictual encoun-
ters is taken in consideration in the form of initial con-
ditions (e.g., initial level of trust), but process-oriented 
studies on the development of collaborative capacity 
before the start of a collaborative process are lacking.

In this article, we explore the possibility that some 
dimensions of collaborative capacity develop prior to 
the collaborative process itself. We describe a mecha-
nism in which the basic building blocks for collabora-
tions are developed in smaller scale projects that are 
antecedent to collaborations and that unfold in rela-
tive autonomy from each other. Instead of capturing 

Head1=Head2=Head1=Head2/Head1
Head2=Head3=Head2=Head3/Head2
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these prior in�uences in terms of initial conditions, we 
demonstrate the value of taking a dynamical view on 
these antecedents, and we reveal that the impact that 
they have on the course of the collaborative process is 
far greater than is suggested by models that focus on 
the development of collaborative capacity during the 
collaborative process itself. Our central research ques-
tions are as follows:

1.	 How do initiatives antecedent to collaborative govern-
ance processes contribute to the development of col-
laborative capacity?

2.	 What is the in�uence of these antecedents on the course of 
the collaborative process itself?

In the next section, we develop the conceptual basis 
for our investigation, including a set of implications 
in the form of propositions. We test these proposi-
tions in two case studies of collaborative governance 
processes in the Netherlands. Both cases concern 
collaborations between public and private parties, 
aimed at the development of sustainable industrial 
clusters, where companies exchange by-products and 
share utilities. These initiatives are driven by multiple 
public purposes, including the reduction of environ-
mental pressures, innovation of the regional economy 
and the improvement of employment opportunities. 
As our cases concern two highly similar collabora-
tive processes in the Netherlands, further research on 
other types of collaborations is required to assess the 
generalizability of our conceptual argument and our 
empirical �ndings. We therefore close the article with 
suggestions for further research.

Conceptual Framework
Introduction
In the literature on collaborative governance, it is usually 
assumed that collaborative capacity develops largely 
through direct interactions, based on which actors 
develop bonds of trust, mutual understanding, and 
commitment (Ansell and Gash 2008; Bryson, Crosby, 
and Stone 2006; Emerson, Nabatchi, and Balogh 2012; 
Susskind, McKearnan, and Thomas-Larmer 1999). At 
the same time, it is recognized that collaborations usu-
ally take place in a context where existing networks 
and previous collaborations or con�icts in�uence the 
initial conditions (Bryson, Crosby, and Stone 2006), 
starting conditions (Ansell and Gash 2008), or sys-
tem context (Emerson, Nabatchi, and Balogh 2012) 
of collaborations. However, little attention is paid to 
the developmental processes through which these ini-
tial conditions come about. Collaborative capacity is 
usually understood to develop primarily during the 
collaborative process itself, based on the creation of 
new ties between actors. We suggest a complementary 
perspective on the creation of collaborative capacity, 

based on the idea that collaborations are not necessar-
ily built �from scratch,� but that they may be assembled 
from existing, smaller scale projects. Our perspective 
suggests that some dimensions of collaborative capac-
ity can be drawn from these existing projects, includ-
ing the common ground that emerges between them, 
as well as actors that have attained a bridging position 
between parts of their social network before the start 
of collaboration. We outline this perspective below.

The Emergence of Modular Systems
We draw inspiration from Simon�s (1962, 1973, 2002) 
theory of the development of nearly decomposable 
systems. One of its central claims is that complex sys-
tems are more likely to emerge if they are built from 
stable subassemblies, rather than from a large number 
of elementary components that all have to �fall into 
place� at once (Heylighen 1989). As a consequence, 
complex systems often have a modular structure 
(Cilliers 2001), where stable subassemblies assume a 
new role as components of the larger system. Instead 
of being completely dissolved into the larger whole, 
these modules largely retain their own identities. The 
short-run behavior of any module is approximately 
independent of that of the other modules, and in the 
long run, the modules only depend on each other in an 
aggregate way (Simon 1962; Weick 1976). Our con-
ceptual thinking on the emergence of collaborations 
was in�uenced primarily by Simon�s account of how 
complex, nearly decomposable systems come about. 
The argument that complex systems are dif�cult to 
create �from scratch� has relevance to the investigation 
of collaborations because the structure of collabora-
tions can also be highly complex (Bryson, Crosby, and 
Stone 2006; Huxham and Vangen 2000a), especially if 
the number of participating actors and (as a result) the 
number of possible relationships increases (Provan and 
Kenis 2008). Based on the theory of Simon, we sug-
gest that complex collaborations may build up through 
the assemblage of existing building blocks. Such build-
ing blocks consist of smaller projects1 in which actors 
coordinate activities to achieve joint goals. These 
smaller projects may themselves be characterized as 
(smaller) collaborations, but it is not necessary that the 
projects are of a collaborative nature. We conceptual-
ize such projects as sequences of intentionally linked 
events (Van de Ven and Poole 1995). Thus, these build-
ing blocks can be understood as subgroups of events. 
Relatively little attention is paid to the emergence of 
these building blocks and to the way that they can be 
assembled into collaborations. One exception is offered 
by Bardach (2001), who introduces �Craftsmanship 

1	 These projects are smaller in terms of the number of actors involved 
and the scope of the issues addressed, compared with the collaborative 
process that is assembled from the projects.
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Theory.� Bardach (2001) envisions individual peo-
ple as the �raw materials� out of which �craftsmen� 
may fashion interagency collaborations. This happens 
in a process that Bardach refers to as �platforming.� 
Bardach compares the process to the building of a 
house, �with many builders acting independently, but 
taking account of one another� (Bardach 2001, 152). 
He identi�es 10 intermediate building blocks, each 
representing a different type of collaborative capac-
ity (Bardach 1998). Bardach assumes that the build-
ing blocks for collaboration are created intentionally. 
In our view, this assumption is problematic because it 
requires the collaboration to be present from an early 
stage in the form of a blueprint. As an alternative, we 
suggest that the building blocks of collaborations are 
often projects that were developed independently from 
each other. Borrowing Bardach�s metaphor, this means 
that the builders do not take account of one another.

Proposition 1: � The building blocks of collaborations 
develop independently from each other.

If the building blocks develop independently from each 
other, the question is how they become connected. 
Here, we see an important role for a dimension of col-
laborative capacity that does not depend on frequent 
and direct interactions between actors.

Common Ground as Collaborative Capacity
Boons and Berends (2001) suggest that in the coordi-
nation of interorganizational arrangements, a lack of 
tight coupling between the organizations can be com-
pensated by shared values and beliefs. In the devel-
opment of collaborations, we see a similar role for 
common ground. In our de�nition of the concept, com-
mon ground exists if actors involved in different pro-
jects address similar issues. Such similarities between 
large numbers of actors are often attributed to the 
existence of weak ties (Granovetter 1983). However, 
we hypothesize that common ground may also develop 
coincidentally, as actors involved in the different build-
ing blocks happen to be working on similar issues 
at the same time. This may occur even if social ties 
between the involved actors are entirely absent. We 
see this emergent overlap as an important dimension 
of collaborative capacity because it creates a common 
ground for projects that are otherwise independent. As 
a result of this emergent common ground, the projects 
become potential building blocks for collaboration.

Proposition 2: � Initiatives antecedent to collaborations 
become potential building blocks for 
collaboration by developing a common 
ground.

The development of a common ground by itself is not 
suf�cient for a collaboration to emerge from the build-
ing blocks. The building blocks have to be actively 

assembled, which requires that some actors involved 
in the building blocks become aware of the common 
ground. We suggest that this is most likely to happen 
if there are actors that are involved in more than one 
building block. These actors can be understood to have 
a bridging position, and their involvement in multiple 
building blocks gives them access to information about 
these building blocks (Burt 2000, 2001). As result, the 
act of assembling building blocks into collaborations is 
likely to be carried out by actors that have attained this 
position. Here, we see a clear link with facilitative lead-
ership in collaborative governance processes, which is 
seen as �important for bringing stakeholders together 
and getting them to engage each other in a collabora-
tive spirit� (Ansell and Gash 2008, 554; also see Bryson, 
Crosby, and Stone 2006; Huxham and Vangen 2000b). 
We see the existence of actors with a bridging position 
as a second dimension of collaborative capacity.

Proposition 3: � Collaborations are started by actors with 
a bridging position that respond to the 
existence of a common ground between 
otherwise independent building blocks.

The �rst three propositions deal with the emergence of 
building blocks and their assemblage into a collabora-
tive process. We now turn to propositions about the 
collaborative process itself.

The Modular System in�Action
We have de�ned building blocks as sequences of inten-
tionally linked events in which small groups of actors 
coordinate their activities to achieve joint goals. Once 
the collaborative process has commenced, these build-
ing blocks are still visible in two ways: �rst, the groups 
of actors that were active in the building blocks are co-
opted into the collaboration in which they function as 
working groups (Huxham 2000). As a result, the actor 
network that forms in the collaboration is character-
ized by the existence of several cohesive subgroups, 
which are �subsets of actors among whom there are rel-
atively strong, direct, intense, frequent or positive ties� 
(Wasserman and Faust 1994, 249). Second, the build-
ing blocks are still visible as identi�able subsequences 
of events that correspond to the activities of the vari-
ous working groups. Huxham observes that �working 
groups operate with varying degrees of autonomy rela-
tive to the collaboration� (Huxham 2000, 343). The 
working groups will attend primarily to their own tasks 
and respond only occasionally to the activities of other 
working groups. The activities of the various working 
groups can thus be characterized as parallel sequences 
of intentionally linked events, where only occasionally 
there are intentional linkages between these parallel 
subsequences. This idea re�ects Simon�s (1962) notion 
of short-term independence between the different mod-
ules of a system.
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Proposition 4: � During the collaborative process the 
building blocks are still present as cohe-
sive subgroups within the actor network 
that emerges from the collaboration.

Proposition 5: � During the collaborative process the 
building blocks are still present as sub-
sequences of intentionally linked events.

To summarize and conclude our conceptual discussion 
we formulate a proposition that captures the overarching 
argument that follows from our discussion. When col-
laborations emerge as an assemblage of building blocks, 
they build on the common ground that was created by 
those building blocks. This common ground embodies 
a dimension of collaborative capacity that was created 
before the collaborative process commences.

Proposition 6: � The generation of collaborative capac-
ity starts already before the collabora-
tive process is initiated.

Methods
Introduction
The methods that we apply to test our propositions are 
inspired by longitudinal research approaches developed 
in sociology (Abbott 2001; Abell 1987) and organiza-
tional research (Langley 1999; Poole et al. 2000) and 
can be understood as a type of longitudinal case study. 
The central de�ning characteristic of our approach is 
that sequences of events serve as the basis for all our 
analyses (Boons, Spekkink, and Jiao 2014). Data are 
collected and recorded in event sequence datasets in 
which events are listed in chronological order, repre-
sented by one or more qualitative descriptions of actions 
and interactions. In our research, events refer to actions 
and interactions that actors engage in before and dur-
ing collaborative governance processes. An event may, 
for example, concern a meeting (sometimes several) in 
which actors discuss problems and the possible solu-
tions for them, the signing of declarations of intent 
or cooperation, the presentation of a plan or vision, 
engagement in a research project (or the presentation 
of its results), and activities undertaken to implement 
plans, such as the construction of a new facility, or the 
start of an exchange between businesses. Occasionally, 
an event may refer to something that happened in the 
context of the collaborative process, such as decisions 
by the national government to change policies.

Data Collection
The two processes we analyze in this study are lon-
gitudinal case studies that cover the period of 1997 
to 2012. Both case studies are captured in event 
sequence datasets that we developed in the spirit of 
Poole and colleagues (2000). We recorded our data as 
chronologically ordered, brief qualitative descriptions 

of actions and interactions. We refer to these descrip-
tions as incidents. Each incident has a time stamp, 
and for each incident, we recorded the source of the 
data (see below). For both cases, we also made a sec-
ond type of dataset in which we recorded metadata 
on each of our sources. The metadata include the date 
on which a source was found, the URL address of 
the source at that time, the host of the website or the 
publicist of the document, and usually a very brief 
summary of the contents of the source. Each source 
is given a unique identi�cation number that is used as 
a reference in the event sequence dataset. The data-
set with metadata also records information about the 
keywords that we used in our searches and a justi�ca-
tion of those keywords. To create the event sequence 
dataset, we read through all the collected documents, 
web pages and news items, and when relevant infor-
mation was found, we manually entered this infor-
mation in the event sequence dataset by writing an 
incident description. Incidents were later grouped 
together if they could be understood to refer to the 
same event. Typically, incidents that are grouped 
together concern multiple observations (from differ-
ent sources) of the same interaction.

Our sources of data include web pages, various 
types of documents produced by the actors involved in 
the developments of interest (e.g., plans, study reports, 
visions, meeting agendas and reports, and etcetera), 
and newspaper articles. For the collection of web 
pages and documents, we performed searches with the 
Google search engine, and for the collection of news-
paper articles, we made use of the LexisNexis dataset, 
which in this case includes Dutch national and regional 
newspapers that have been published since 1990. Prior 
to the data collection process, we developed a protocol, 
which consists out of a number of rules that we fol-
lowed during data collection.2 For our initial searches, 
we used general search terms (e.g., the name of the case 
of interest). The data that we found in this way pro-
vided us with new leads, which we translated into new 
search terms that were used in follow-up searches. We 
continued this process until we found that our searches 
did not uncover any previously unknown develop-
ments that we deemed relevant to the case of interest. 
We recorded the keywords that we used in our meta-
dataset, accompanied by a justi�cation of their�use.

The data collection process for the developments 
in Zeeland started January 27, 2011, and ended April 
26, 2012. An additional round of data collection was 
performed from December 13, 2012, to September 11, 
2013. In total, 368 web pages, 250 documents, and 
1,134 news items were collected, although there is 
overlap in the news items that were found throughout 

2	 An example rule is that for each web search (using the Google search 
engine) we checked the �rst 10 pages of search results.
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different searches. In addition, not all of the collected 
sources proved to be relevant, and some of them 
have not contributed to the compilation of the event 
sequence dataset. The data collection process for 
Moerdijk started September 10, 2012, and the last data 
were added on October 11, 2013. In total, 171 web 
pages were collected, 143 documents, and 1,620 news 
items (again, with overlap). In this article, we focus on 
two collaborations that occurred in the investigated 
regions, which are Biopark Terneuzen in Zeeland and 
Sustainable Connections in Moerdijk. Our datasets 
cover additional developments that we do not include 
in the analysis presented in this article. These are other 
interaction processes that we collected data on, but of 
which we later found that they are not directly related 
to the collaborative processes of interest to the study 
presented here.3 The total number of events consid-
ered for the analysis of Biopark Terneuzen is 219. For 
Sustainable Connections, the total number of events 
is 196.

Analysis
To prepare our event data for analysis, we use quali-
tative coding procedures to code for theoretically rel-
evant aspects of our event data (Boeije 2010). Based 
on the information provided in the coded event data, 
we develop two types of graphs on which we base our 
analysis. The �rst type is an event graph, which is simi-
lar to Abell�s (1984, 1987) narrative graphs. The event 
graph gives three types of information:

1.	 the order of events (visualized as nodes) indicated by their 
distribution on a horizontal axis;

2.	 intentional linkages between events (visualized as arcs)�
an intentional linkage exists between two events if the 
actors that participate in one event intentionally respond 
to conditions that are created in the other event (see �g-
ure�1) (Van de Ven and Poole 1995);

3.	 emergent linkages between events (visualized as edges)�
an emergent linkage is present between two events if (a) 
the events are not connected by a path of intentional link-
ages, and (b) the events are similar in the sense that they 
address the same issue(s).

By de�nition, an emergent linkage cannot exist between 
two events if the same events are somehow connected 
by a path of intentional linkages. Our reason for de�n-
ing emergent linkages in this way is that, in the case 
of emergent linkages, we are primarily interested in 
similarities between events that are unintended. When 
events are intentionally linked, their similarity is most 
likely to be the result of �inheritance�. For example, if 

a plan is developed (event A), which is implemented 
at a later point in the sequence (event B), the similar-
ity of the issues that events A�and B address is inten-
tional. However, if two events concern the independent 
development of plans that happen to address the same 
issues, then we consider the similarity of the two events 
to be emergent.

The second type of graph is a two-mode graph, 
which we use to visualize the relationships of actors 
and issues to building blocks of the collaboration, as 
well as to the various subsequences that exist during 
the collaboration itself. In addition to analyzing these 
two graphs, we perform analyses of the networks of 
actors, and the networks of issues that form before and 
during the collaborative process. We do not visualize 
these networks, but we report our measurements in 
tables.

Table�1 offers an overview of our propositions, and 
it shows for each proposition which type of analysis is 
used and which patterns we expect to observe if our 
propositions hold. In the remainder of this section, we 
explain the techniques that we used in our analysis in 
more detail.

Event�Graphs
The �rst type of linkages between events that we vis-
ualize in event graphs is the intentional linkage. We 
identi�ed intentional linkages through qualitative cod-
ing of our event descriptions, where we checked for 
references made in the descriptions to earlier events. 
For example, if we �nd an event where a feasibility 
study is performed on a plan that was developed in 
an earlier event, then we draw an intentional linkage 
between these two events.

In our conceptual discussion, we de�ned building 
blocks as intentionally linked sequences of events. 
We visualize these building blocks as subsequences 

Figure�1.  Intentional (arcs) and emergent (edges) linkages between 
events represented in a graph. The thickness of the edge represents 
the strength of event similarity.

3	 Thus, in our data collection process we started with a very broad 
scope, based on the philosophy that it would be better to include 
sequences of events that would later turn out not to be directly related 
to the speci�c processes of interest, rather than �nding out later that 
crucial sequences of events are missing.
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in the event graph, using shaded �elds to indicate 
which events belong to the same building block. To 
identify these building blocks, we took the following 
steps: We �rst perform an analysis of the modularity 
of our event graph, using an algorithm that reports a 
number between 0 and 1, which is a measure of how 
well the graph can be divided into different groups 
of nodes, based on their patterns of interconnection 
(Blondel et�al. 2008; Newman 2006). The algorithm 
also partitions the nodes into the different groups that 
have been identi�ed. Applying this algorithm gives us 
�rst indications of (1) the extent that distinguishable 
building blocks do indeed exist (based on the meas-
ure of modularity), and (2) which events belong to 
the same building block (based on the resulting par-
titions). We take the results of the algorithm as the 
starting point for our next step, which is our qualita-
tive assessment of the existence of different building 
blocks, based on our interpretation of the underlying 
event data. For example, some groups of events iden-
ti�ed by the modularity algorithm can be interpreted 
as different phases in the development of the same 

building block and can therefore be grouped together. 
Also, based on our qualitative interpretation of the 
events, we sometimes moved events to another build-
ing block than was suggested by the results of the 
modularity algorithm. In Supplementary Appendix 
Tables A1, A2, A4, and A5, we report all events that 
we moved to another building�block.

We used the exact same procedure to identify and 
visualize the projects that developed after the formal 
start of the collaborative process. Once the building 
blocks have been identi�ed, it is also possible to assess 
the extent to which interactions between these building 
blocks exist, based on the number of intentional link-
ages that exist between�them.

The second type of linkages that we consider are 
emergent linkages. To reconstruct emergent linkages, we 
identi�ed the issues addressed in events through qualita-
tive coding of the event descriptions. We stayed close to 
the data; no attempt was made to abstract our codes to 
more general theoretical categories, and we only coded 
for issues that were explicitly mentioned in the descrip-
tions. We coded each dataset twice in order to remove 

Table�1.  Summary of Propositions and Indicative Patterns Used to Evaluate the Propositions

Proposition Graph/Network Indicative Pattern

Proposition 1: The building blocks of collaborations 
develop independently from each other.

Event graph Several subsequences exist before the collaboration 
and intentional linkages between them are 
absent until they converge on the collaborative 
process.

Proposition 2: Initiatives antecedent to  
collaborations become potential building blocks  
for collaboration by developing a common ground.

Event graph Emergent linkages exist between subsequences 
before they converge on the collaborative 
process.

Two-mode  
graph

There are one or more issues that have 
relationships to all subsequences that converge 
on the collaborative process.

Issue network The issues that are addressed during the 
collaborative process have a high closeness 
centrality before the process starts.

Proposition 3: Collaborations are started by actors  
with a bridging role that respond to the existence  
of a common ground between otherwise  
independent building blocks.

Two-mode  
graph

The actors that initiate the collaboration are 
related to more than one subsequences that 
precede the collaborative process.

Actor  
network

The actors that initiate the collaboration have 
a high betweenness centrality before the 
collaborative process starts.

Proposition 4: During the collaborative process  
the building blocks are still present as cohesive 
subgroups within the actor network that emerges 
from the collaboration.

Actor  
network

Several distinct subgroups with high valued 
relationships  
exist at the same time.

Proposition 5: During the collaborative process  
the building blocks are still visible as subsequences  
of events.

Event graph Several subsequences exist during the 
collaboration, with more intentional linkages 
within the subsequences, than between the 
subsequences.

Proposition 6: The generation of collaborative  
capacity starts already before the collaborative 
process is initiated.

Multiple For this proposition to be supported, the indicative 
patterns associated with propositions 2 and 3 
have to hold.
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any inconsistencies that were created in the �rst round 
of coding. The similarities themselves were calculated 
from an incidence matrix (see �gure�2). The similarities 
between events were identi�ed by calculating the corre-
lations between all the column pro�les of the incidence 
matrix in Ucinet, which uses Pearson�s product-moment 
correlation. The algorithm in Ucinet produces a correla-
tion matrix. The correlation matrix in �gure�3 is based 
on the incidence matrix of �gure� 2. Positive correla-
tions indicate similar column pro�les (a correlation of 1 
means that they are exactly the same), whereas negative 
correlations indicate dissimilar column pro�les (a corre-
lation of �1 means that they are exact opposites). A�cor-
relation of 0 means that knowing the issues addressed 
in one event does not help us at all in guessing what the 
relationship of the other event to these issues might be 
(Hanneman and Riddle 2005). In this study, our focus 
is only on similarities because similarities are our indi-
cators for emergent linkages. Therefore, we �ltered out 
all negative correlations from our visualization of the 
emergent linkages. This �ltering can be done in Gephi, 
which is the software that we used to produce our visu-
alizations. In Gephi, a �lter can be set up to only show 
edges (the correlations are visualized as edges) that have 
a positive value attached to them. The similarities are 
visualized as edges in the event graphs (see �gure� 1), 
where the strength of the correlation between two 
events determines the thickness of the�edge.

Two-Mode Network�Graphs
The second type of graph included in our analysis is a 
two-mode graph, also known as a bipartite graph. In 
a two-mode graph, the nodes are partitioned into two 
types that are called modes. In our case, one mode rep-
resents the subsequences that we identi�ed in our event 

graphs, and the second mode represents actors and 
issues. The relationships in the graph visualize the par-
ticipation of actors and issues in different subsequences. 
These graphs offer a quick overview of the actors and 
issues that are common to different subsequences, as 
well as the actors and issues that are unique to a par-
ticular subsequence. We use the two-mode graphs to 
get a more speci�c overview of the issues and actors 
that different building blocks in the process that we 
investigate have in common. This allows us to study 
the emergent linkages that are visualized in the event 
graphs in more detail; the event graphs only indicate 
that events address similar issues, and the two-mode 
graph indicates which speci�c issues this concerns.

Analysis of Actor Networks
Parts of our conceptual discussion concern the struc-
ture of the actor network that exists before and during 
the collaborative process. We identify actors by stud-
ying the descriptions of the events and adding codes 
for each actor that is reported to be involved. We then 
reconstruct the actor network by examining which 
actors jointly participated in events. The strength of the 
relationships between two actors is determined by the 
number of times that they were involved in the same 
events. Thus, the networks that we reconstruct are one-
mode networks based on joint af�liations (Borgatti and 
Halgin 2011), and we use measures for one-mode net-
works to perform our analyses of our actor networks.

One speci�c characteristic of the structure that 
we investigate is the extent to which there are actors 
with a bridging position, that is, a position where 
they connect different parts of the actor network. 
Bridging actors can be identi�ed visually, based on 
an inspection of the relationships between actors and 
subsequences that we show in our two-mode graphs. 
However, to strengthen our analysis, we also calculate 
the betweenness centrality for all actors in the net-
work that exists before the collaboration.4 If actors 
are in a bridging position, then their betweenness 
centrality will be relatively high (Burt 2000; Freeman 
1978). We report our measures of betweenness cen-
trality in tables, and we normalize our measures by 
making them proportional to the theoretical maxi-
mum (Freeman 1978; Wasserman and Faust 1994). 
Another relevant characteristic of the actor network is 
the existence of cohesive subgroups during the collab-
orative process. In this study, we de�ne subgroups as 
maximally connected subgraphs that include at least 
three nodes (Wasserman and Faust 1994). To study 
the existence of cohesive subgroups, we use a method 
that is developed especially for networks that are the 

4	 For our calculations of centrality, we used the �sna� package that is 
available for R (Butts 2014).

Figure�3.  Correlation matrix based on incidence matrix in �gure�2.

Figure�2.  Fictional example of incidence matrix.
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result of joint af�liations (Doreian 1969; Wasserman 
and Faust 1994). Because the relationships in the net-
work are valued, it is possible to identify subgroups 
at different levels of c, where c represents the num-
ber of events in which the actors participated. Thus, 
a subgroup that exists at a level c�=�5 is a subgroup 
of actors that have jointly participated in at least �ve 
events. In a subgroup, all actors have to be connected 
to each other. We only consider subgroups with least 
three members. Also, because we are interested in sub-
groups that occur relatively often, we focus speci�-
cally on subgroups that exist at higher levels of c.

Analysis of Issue Networks
In the two-mode graphs, we are able to show the com-
mon ground that is created by different building blocks 
through a visualization of the relationships between 
building blocks and issues. To strengthen our analysis 
of the common ground, we also study which issues are 
the most central before the collaborative process starts. 
To this end, we �rst reconstruct an issue network as 
a one-mode network. Similarly to the actor network, 
issues in the issue network are linked if they appeared 
together in an event. After reconstructing the issue net-
work, we examine which issues are the most central 
by calculating their closeness centrality. Closeness cen-
trality is high for issues that are relatively closely con-
nected to all other issues (Freeman 1978).

Case Studies
Introduction
In our discussion of the �ndings from our case studies, 
we focus on the broader patterns that are relevant for 
testing our propositions. More detailed descriptions of 
the subsequences can be found in the appendix to this 
article.5 In this section, we offer a brief introduction to 
our cases, followed by a presentation of our �ndings.

Biopark Terneuzen
Biopark Terneuzen is an initiative that was formally 
started in the Canal Zone of Zeeland in February 2007. 
In this initiative several governmental organizations (the 
port authority Zeeland Seaports, the province of Zeeland, 
and the municipality of Terneuzen), companies and 
knowledge institutes work together to link agricultural 
and industrial activities in order to improve the environ-
mental and economic performance of the involved com-
panies and the region as a whole (including the creation 
of employment opportunities). The emphasis of the pro-
ject is on the development of residual material exchanges 
between companies, the primary example being the sup-
ply of residual heat and CO2 from a fertilizer company 

(Yara) to greenhouses in a greenhouse area that was in 
development at the time that Biopark Terneuzen was 
started. Other projects included in the initiative were a 
by-product exchange between Nedalco and Cerestar 
(already implemented before the start of Biopark 
Terneuzen), the construction of three biofuel factories 
(Heros/Rosendaal Energy, Nedalco, and Biofueling), a 
biomass plant (Heros/Ecoservice Europe), and the shared 
use of a water treatment installation (Heros).

The formal start of Biopark Terneuzen was pre-
ceded by a couple of meetings in which a wide diver-
sity of actors was brought together in the context of 
a TransForum6 project that explored the feasibility 
of Biopark Terneuzen. By 2012, the supply of resid-
ual heat and CO2 from the fertilizer company to four 
greenhouses had been realized. A joint venture called 
WarmCO2 had been established to develop the pipeline 
infrastructure for this and to govern the contracts. The 
biomass plant that was included in the plan was under 
construction and plans for a second biomass plant had 
been made. The plans for two of the biofuel factories 
(Nedalco and Biofueling) had been cancelled after it 
became clear in 2008 that the national government 
would not support biofuel production. A third bio-
fuel plant (Rosendaal Energy) had already been con-
structed, but the company went bankrupt, due to the 
changing stance of the national government toward 
biofuels and due to the economic crisis. The company 
was taken over by Electrawind Biofuels in 2012.

Sustainable Connections
Sustainable Connections started in April 2009 at 
the industrial park of Moerdijk. It is a collabora-
tion between governmental organizations (the port 
authority of Moerdijk, the province of Noord-
Brabant, the municipality of Moerdijk, the depart-
ment of waterways and public works, and the water 
authority Brabantse Delta), and the Business and 
Industry Circle Moerdijk. Sustainable Connections 
largely revolves around the construction of a pipeline 
infrastructure that makes possible the circulation of 
energy (primarily in the form of heat), CO2 and water 
at the industrial park. The project partners formulated 
several concrete ambitions, such as the development 
of an infrastructure for the exchange of heat between 
companies at the industrial park, the improvement 
of permit procedures, the supply of residual heat and 
CO2 to greenhouses in the nearby Spiepolder, the 
improvement of employment opportunities, and the 
improvement of communication with the direct envi-
ronment. By 2012, steps had been made in several of 

5	 The Appendix can be found in the Supplementary material.

6	 TransForum was a government-funded innovation program in 
which governments, companies, knowledge institutes, and societal 
organizations cooperated to stimulate innovative projects.
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these concrete ambitions. Part of the infrastructure 
for the exchange of heat had been realized, largely 
thanks to a private initiative on which the collaborat-
ing partners could build. The partners experimented 
with new permit procedures to speed up the permit 
process. For the improved communication with the 
direct environment, a Neighbors council had already 
been set up in another context (before the Sustainable 
Connections initiative started). The supply of residual 
heat and CO2 to the Spiepolder had not yet been real-
ized but was still on the agenda by the end of 2012. 
In addition, there were plans to supply residual heat 
to a second industrial park (for logistical companies) 
that was to be developed near the existing one. The 
Sustainable Connections initiative is still in progress. 
In 2011, the collaborating partners signed a renewed 
agreement for the period of 2011�2015, and another 
initiative for sustainable development in the region 
(Sustainable Port and Industry Area) was integrated 
in the Sustainable Connections initiative. This sec-
ond initiative dealt primarily with communication 
with the environment (e.g., registration of complaints 
from neighboring residents), monitoring of the envi-
ronmental performance of the industrial park (an 
environmental monitoring report was published on 
a yearly basis), the exchange of knowledge, and the 
optimization of water loops at the industrial park.

The Building Blocks of the Collaborations
The event graphs that visualize the antecedents of 
Biopark Terneuzen and Sustainable Connections are 
shown in �gure� 4. In the event graph for Biopark 
Terneuzen, events 246, 254, 279, and 286 are not 
included in any building block because events 246, 
254, and 279 are meetings that are part of the of�cial 
preparations for Biopark Terneuzen, and event 286 is 
the formal start of the collaboration itself. We interpret 
these events as part of the collaborative process (see 
�gure�7) and not as part of one of the building blocks 
that developed before the collaborative process. In the 
event graph for Sustainable Connections, the event that 
marks the start of the Sustainable Connections collabo-
ration (event 321)�is not included in any of the building 
blocks for the same reason. As explained in the meth-
ods section, some events were reassigned to another 
building block based on our qualitative interpretation 
of the events. For example, event 281 was originally 
included in a building block that represents the devel-
opment of an alcohol factory of Nedalco, but based on 
our qualitative information on event 281, we know it 
concerns a decision to put the development plan for the 
greenhouse area in display. We therefore reassigned it to 
the corresponding building block (building block�1-A).

The event graphs in �gure�4 show that both collabo-
rations were preceded by multiple, largely independent 

Figure 4.  Event graphs of the antecedents of Biopark Terneuzen (left) and Sustainable Connections (right). The events are ordered in time 
from left to right. The arcs visualize the intentional linkages between the events. The events that mark the formal opening of Biopark 
Terneuzen (left) and the formal start of Sustainable Connections (right) are indicated with a red circle. The modularity of the event graph 
for Biopark Terneuzen is 0.72 and the modularity of the graph for Sustainable Connections is 0.75. The gray �elds mark the building blocks 
that we identi�ed. The building blocks are based on (1) the modules created by the modularity algorithm and (2) corrections that we made 
to these modules based on our qualitative assessment of the processes. See Supplementary Appendix Tables A1 and A4 for summary 
descriptions of the building blocks.
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