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Abstract. The main scientiﬁc event for academics working in the ﬁeld
of Business Process Management is the International BPM Conference.
In this paper, social network analysis techniques are used to unveil the
co-authorship networks that can be derived from the papers presented at
this conference. Links between two researchers are established by their
co-authorship of a paper at one of the conference editions throughout the
years 2003-2008. Beyond the relations between individual authors, aggregated analyses are presented of the interactions between the institutes
that the authors are aﬃliated with as well as their country of residence.
Additionally, the output of individual authors is measured. All analyses
are carried out for the individual conference years and at cumulative levels. In this way, this paper identiﬁes the hotbeds of BPM research and
maps the progressive collaboration patterns within the BPM community.

1

Introduction

In the introduction of the ﬁrst proceedings of the BPM conference series1 , Business Process Management (BPM) has been characterized as the study of those
methods, techniques, and software that can be used to design, enact, control,
and analyze operational processes involving humans, organizations, applications,
documents and other sources of information [1]. In line with this view, the technological perspective and the attention for formal methods have consistently
been important ingredients of the papers presented in the series. Recently, an
inﬂow of papers and keynotes have appeared that also deal with BPM as a management philosophy instead of a pure technological approach [2,3]. Additionally,
papers have been included that concentrate not so much on the design but rather
on the empirical evaluation of methods and techniques [4,5].
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Consequently, the character of the BPM conference extends over a diverse
array of subjects and draws from disciplines such as computer science, information systems, management science, artiﬁcial intelligence, industrial engineering,
software engineering, and economics. In this multidisciplinary context, it is evidently important for BPM researchers to foster and extend collaborations to
stay up to date of state-of-the-art developments in their own ﬁeld and acquire
access to complementary ﬁelds of expertise.
This paper aims at analyzing the collaborations between individual researchers,
their institutes, and the hosting countries as tied to contributions to the BPM
conference series. For this purpose, all papers that have been included in the
proceedings of the six conference editions between 2003 and 2008 have been
considered. The biographical attributes of these papers have been subjected to
various Social Network Analysis techniques [6,7,8]. The social network miner
and analyzer [9], as part of the ProM framework [10], have been applied to carry
out this analysis. The collaboration networks that are the main results identify
the hotbeds of BPM research activity and disclose the interconnections between
them. The presented analysis of these networks over time also gives an indication
of how the BPM community extends and becomes more interwoven.
The structure of this paper is now as follows. In Section 2, we will describe the
methodology to collect, conceptualize, analyze and verify the used data. Section
3 will present the results from this analysis. The paper ends with a discussion
and a conclusion.

2

Methodology

The methodology employed to identify the underlying relationship between researchers followed several steps that will be detailed in this section. Those steps
are described in four subsections: (1) Data collection, (2) Conceptualization of
the event logs, (3) Log veriﬁcation, and (4) Network generation using ProM.
2.1

Data Collection

Our data collection has consisted of the compilation of all the references from
the conferences publications. The proceedings of these conferences were published by Springer as volumes in the Lecture Notes in Computer Science series
(See Table 1).
The references were obtained from SpringerLink2 , the online access point
to Springer’s Lecture Notes in Computer Science series, and stored in Reference Manager3, a bibliographical database system. Entries were extracted from
SpringerLink in the RIS format using the “RIS FORMAT (Include ID)” ﬁlter
available in the ReferenceManager software system. All references were classiﬁed
as Book Chapters and included the chapter title, authors, start and end page,
abstract and a unique ID (DOI). After all entries had been entered, the entire
2
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Table 1. BPM Conference Proceedings
Conference LNCS Volume Venue
BPM 2003
2678
Eindhoven
BPM 2004
3080
Potsdam
BPM 2005
3649
Nancy
BPM 2006
4102
Vienna
BPM 2007
4714
Brisbane
BPM 2008
5240
Milan

Dates
ISBN
June 26-27, 2003
3-540-40318-3
June 17-18, 2004
3-540-22235-9
September 5-8, 2005
3-540-28238-6
September 5-7, 2006
3-540-38901-6
September 24-28, 2007 978-3-540-75182-3
September 2-4, 2008 978-3-540-85757-0

database has been exported to an Excel Sheet, which was a convenient format
to translate the data into the form of a MXML ﬁle, which is readable by ProM.
2.2

Conceptualization

To arrive at an MXML ﬁle that could be analyzed with the social network analysis toolset [9], a decision needed to be made on how to translate the previously
described information into a form that is both convenient and meaningful for
analysis. It should be noted that the main purpose of the ProM framework,
which was selected for the derivation and analysis of the collaboration networks
because of its ease of use and analytical power, is to support the analysis of an
event log. This is a collection of events that is stored by any kind of transactional information system, e.g., ERP, CRM, or workﬂow management system
[11]. Clearly, the occurrences of successive editions of a conference series is not a
business process in the traditional sense, so a mapping of the domain concepts on
the business process concepts that are common to ProM had to be established.
In essence, each publication has been considered as a separate case instance
that could be processed by one or more authors. Each author performs a unique
activity in dealing with a case, as to avoid conﬂicts in situations where one
author participates in more than one publication in the same year. Because we
only have the year information and no more ﬁne-grained time notion, it would
otherwise be diﬃcult to distinguish these. This simple conceptualization leads
to a total of 383 authors and the same amount of activities.
As mentioned, ProM can read ﬁles in the MXML format [12], a generic XML
format appropriate to representing event log data (see Figure 1). It includes the
deﬁnition of the process instance with the audit trails including attributes like
Workﬂow Model Element, Event type, Timestamp and Originators. The exact
mapping of bibliographical elements to the elements of the MXML format that
is used by ProM can now be speciﬁed as follows.
The process instance is deﬁned as a publication (book chapter), and each of
these has an identical Id which is the DOI, related to the book that this book
chapter belongs to. The description linked to every Process Instance is the name
of the publication, for instance “Modeling Medical e-Services”. For each Process
Instance an attribute was deﬁned as a Data item called “ConferenceYear”, to facilitate ﬁltering the publications related only to a speciﬁc year. For each process
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Fig. 1. The MXML format

instance there is an Audit Trail Entry related to each activity followed in the
process. We deﬁne an activity as the contribution of every author to the publication. This means that a publication performed by two authors will contain
two audit trails, each one with a Workﬂow Model Element that contains the author’s name, and only containing “Complete” event types. The timestamp was
not deﬁned in the log because the information needed is the year related to the
conference in which the paper was published. The latter information is already
provided by the Data attribute mentioned earlier. Finally, the Originator is the
name of the author.
In a similar way an organizational model ﬁle [9] (without log) was created, to
relate the authors to their university and countries. The university was identiﬁed
as the Role and the country as the Organizational Unit. The university or institution associated to each author is where the author works or is aﬃliated with.
The country being considered is the country where the university resides. We
found authors that changed their working place during the time of the study. In
those few cases, the author was assigned to the university where they published
the most and, in case of a tie, was assigned arbitrarily to one.
2.3

Verification

To verify whether no errors have been introduced in the creation of the MXML
ﬁle, the basic ProM feedback was used to assess high level errors. ProM reports
that the log contains one process with 190 cases (publications) and 383 originators (authors). It further indicates a minimum number of events that equals 1,
a mean number of 2 and a maximum of 7, representing the number of authors
per publication. This information is consistent with the ﬁgures that could be obtained in the Excel sheet. Next, we used the “ConferenceYear” attribute to check
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for potential mistakes in the assignment of the year to cases. We manually inspected each entry, for example, by applying the ﬁlter using the ConferenceYear
2003, it is expected to see only the instances with the Id 3-540-44895-0. In case
that a diﬀerent code appears it means that there is a publication from another
year misclassiﬁed. For this study every ﬁlter was manually veriﬁed to avoid this
error, before further analysis.
Another important point of veriﬁcation is whether the organizational model
links every author to exactly one country and one university. To inspect this
aspect we used the Filter / Advanced and selected Replacement Filters to generate separate lists of originators, representing the countries and universities. In
this way it was possible to detect for each author a missing assignment or an
undesirable swap, e.g. a country that was used as a university.
2.4

Network Generation

The social networks that were generated are all based on the working together
metric [13, Deﬁnition 4.8]. Informally stated, the metric expresses for each pair
of performers whether or not they have performed activities for the same case.
In our domain, this means that two authors have worked on the same paper.
Clearly, the relation is symmetrical. While our analysis considers only undirected
graphs, the ﬁgures in this paper show graphs where the relation is show as two
arrows with opposed directions. It should be noted that such a visual pair of arrows will account for only a single link. We have established the network on the
basis of the working together metric for each individual conference year (leading
to six networks) and for each of the cumulative increments for the conferences
(leading to another six networks, e.g. for 2003, 2003+2004, 2003+2004+2005,
etc.). Additionally, the results on the working together metric between individuals were exported in a matrix representation to NetMiner [14], which is another
tool to analyze the social networks. With NetMiner the following analysis measurements were derived for each network:
1. Density measures the level of connectedness among the nodes in a network.
This measurement is important to compare networks of diﬀerent sizes. It
deﬁned as follows.
2|A|
D = |N |(|N
|−1) , where |A| denotes number of arcs and |N | denotes number
of nodes.
2. Inclusiveness represents a measurement of the connectivity between nodes
in the network. It deﬁned as follows.
i|
I = |N |−|N
∗ 100, where |N | denotes number of nodes and |Ni | denotes
|N |
number of isolated nodes.
The isolated nodes are those with a connection degree equals to zero.
Finally, these networks and analysis measures were also established by aggregating the authors to the level of research institutes and countries. For example,
a co-publication at the BPM 2005 conference between an author from Macquarie University in Australia and another author from Tilburg University in the
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Netherlands leads to a relation between the respective universities in the institute
network for 2005, as well as a relation between Australia and the Netherlands
in the countries network of 2005.
It should be noted that many more relations exist to create social networks,
as well as many more analysis measurements to evaluate these. For an overview,
see [13]. However, the working together metric is the most useful for our purpose.
The networks resulting from our analysis will be presented in the next section.

3

Results

The results in this section will be successively presented on the individual
(author) level, the institute level, and the country level.
3.1

Individual Level

To provide an initial idea of the networks that were created, Figure 2 represents
the social networks on the level of co-authors for publications in the year 2003,
while Figure 3 represents the same type of social network considering all publications of the years 2003 to 2008 combined. While it is clear that the network
has expanded considerably over the years, the data in Table 2 gives a better
insight into this development.
Over the years, the social network has grown as a whole, both with respect to
the publications (going up from 23 in 2003 to 190 accumulated over all the years)

Fig. 2. Social network on individual level for 2003 (working together metric)
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Fig. 3. Social network on individual level for 2003-2008 (working together metric)
Table 2. Cumulative statistics individual level (working together metric)
2003
Number of publications
Number of authors
Number of links
Inclusiveness (%)
Network Density

23
60
59
88.3
0.032

20032004
45
99
103
91.9
0.021

20032005
86
190
217
95.8
0.012

20032006
128
271
372
96.3
0.010

20032007
158
335
463
96.7
0.008

20032008
190
383
555
96.3
0.008

and individual authors (going up from 60 in 2003 to 383 authors accumulated
over all the years). The factors of growth are over 8 and 6 respectively. The
inclusiveness of the cumulative networks also grows, from 88.3% to around 96%.
In other words, the relative number of authors purely publishing by themselves
drops as a relative measure, but it should be noted that this was already a small
minority from the start. At the same time, the density of the network can be
seen to drop, from 0.032 to 0.008. This means that the inﬂow of papers by new
authors is not matched by a corresponding increase of new collaborations that
become possible.
From all the 190 authors that have published one or more papers in the conference series, it can be determined how many papers they contributed overall.
The authors that published 4 papers or more are shown in Table 5. It can be
seen that the top contributors generate a considerable but not excessive share
of the overall number of papers, which can be seen as a sign of academic health
for the conference series.
3.2

Institute Level

To provide an understanding of the evolution in collaboration patterns between
the institutes, several cumulative networks are now presented in succession.

8
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Table 3. Contributions individual authors
Originator

Publications
Publications
(absolute) (relative to total)
Wil M.P. van der Aalst
12
6.32%
Manfred Reichert
9
4.73%
Hajo A. Reijers
8
4.21%
Mathias Weske
8
4.21%
Gero Decker
6
3.16%
Marlon Dumas
6
3.16%
Claude Godart
6
3.16%
Arthur H.M. ter Hofstede
6
3.16%
Jan Mendling
6
3.16%
Stefanie Rinderle
6
3.16%
Peter Dadam
5
2.63%
Kees M. van Hee
5
2.63%
Monique H. Jansen-Vullers
4
2.11%
Chengfei Liu
4
2.11%
Olivier Perrin
4
2.11%
Natalia Sidorova
4
2.11%
Marc Voorhoeve
4
2.11%
Xiaohui Zhao
4
2.11%

Table 4. Cumulative statistics institute level (working together metric)
2003
Number of institutes
Number of links
Inclusiveness (%)
Network Density

33
13
51.5
0.024

20032004
54
29
66.7
0.020

20032005
91
49
71.4
0.011

20032006
114
79
72.8
0.012

20032007
140
104
75.7
0.010

20032008
154
128
76.6
0.010

Figures 4, 5, 6, and 7 respectively show the network in 2003, the cumulative
network over the years 2003 to 2006, the cumulative network over the years
2003 to 2007, and the cumulative network over the years 2003 to 2008.
In 2003, after the ﬁrst conference, 7 collaboration groups could be identiﬁed (see Figure 4). By 2006, the number of groups had increased to 27 groups
(see Figure 5). Among them, ﬁve big groups can be identiﬁed: two Dutch-German
groups, one French group, one German-USA group, and one multi-continental
group. By 2007, one of the Dutch-German group was notably extended (see Figure 6). The situation by 2008 can be seen in Figure 7. By that time, the two
Dutch-German groups were merged and Eindhoven University of Technology became the bridge between these two formerly separate groups. The German-USA
group had also grown by this time and the IBM JT Watson research center had
become the center of it.

A Collaboration and Productiveness Analysis of the BPM Community

Fig. 4. Social network on institute level for 2003 (working together metric)

Fig. 5. Social network on institute level for 2003 - 2006 (working together metric)
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Fig. 6. Social network on institute level for 2003 - 2007 (working together metric)

Fig. 7. Social network on institute level for 2003-2008 (working together metric)

Table 4 gives the data for the cumulative years. What can be noted is that the
number of institutes grows considerably over the years (from 33 to 154), a factor
greater than 4, but this is not as strong an increase as the number of papers
or new authors over this period (see the previous subsection). Yet, the growth
of the inclusiveness of the network, from 51.5% to 76.6%, is more impressive
than the network on the individual level discussed previously. This means that
the cooperation between people from diﬀerent institutes grows stronger than the
cooperation between individuals. Similar to the analysis level of individual authors, these increasing ﬁgures are accompanied by a drop of the network density
throughout this development (from 0.024 to 0.010). This also suggests that the
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Table 5. Contributions institutes
Originator

Publications
Publications
(absolute) (relative to total)
Eindhoven University of Technology
72
37.89%
Queensland University of Technology
27
14.21%
LORIA-INRIA-CNRS
23
12.10%
University of Potsdam
21
11.05%
University of Ulm
20
10.53%
Swinburne University of Technology
15
7.89%
IBM Zurich Research Laboratory
13
6.84%
Humboldt-Universitaet zu Berlin
11
5.79%
University of Stuttgart
11
5.79%
SAP Research Centre
10
5.25%
The University of Queensland
10
5.26%

entry of new institutes in the BPM ﬁeld is not matched with a corresponding
growth of new collaborations on this level.
Finally, Table 5 shows the institutes that have generated 10 or more contributions to the various editions of the conference series. Here, it can be seen that
the institute leading the table, Eindhoven University of Technology, has a very
large part in the overall production of papers with a production that is over
twice as big as that of the number two, Queensland University of Technology,
and over three times as big of the number three, LORIA-INRIA-CNRS.
3.3

Country Level

Collaborations between authors from institutes in diﬀerent countries are visualized with the network in Figure 8, while the quantitative data of the various
cumulative networks are given in Table 6.
Over the years, the number of participating countries has more than doubled,
growing from 11 countries in 2003 to 25 accumulated over the whole conference
series. The inclusiveness of the network has also grown, from 54.5% to 88.0%,
which is comparable to the growth of the network at the institute level over
the same period (see the previous subsection). Interestingly, and in contrast to
the networks that have been discussed previously for the other analysis levels,
Table 6. Cumulative statistics country level (working together metric)
2003
Number of countries
Number of links
Inclusiveness (%)
Network Density

11
6
54.5
0.109

20032004
15
8
66.7
0.076

20032005
17
11
70.6
0.081

20032006
23
24
73.9
0.094

20032007
25
32
80.8
0.106

20032008
25
39
88.0
0.130
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Fig. 8. Social network on country level for 2003-2008 (working together metric)
Table 7. Contributions countries
Originator

Publications
Publications
(absolute) (relative to total)
Germany
127
66.84%
The Netherlands
87
45.78%
Australia
75
39.47%
USA
46
24.21%
France
33
17.37%
Italy
22
11.58%
Switzerland
18
9.47%
Austria
16
8.42%
Israel
15
7.89%
South Korea
14
7.37%
Belgium
12
6.32%
Spain
11
5.79%
Brazil
10
5.26%

the density of the network is rather stable over the years. In other words, the
inﬂow of contributions from authors of ‘new’ countries goes along with an actual
exploitation of such inter-country collaborations opportunities.
As a ﬁnal analysis result, the countries are shown in Table 7 of which the
hosted BPM researchers have contributed the most papers to the conference
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series. Note that only countries with 10 or more generated publications are
shown. From this table, Germany, The Netherlands, and Australia emerge as
dominant providers of content for the BPM conference series. This could well
be expected from the results shown previously in Table 5, which mainly shows
institutes located in these countries. What is somewhat surprising is the position
of the USA in fourth place, while no American institute appears in Table 5. This
seems to suggest that the BPM research in the USA is much more scattered over
various institutes than is the case in Europe or Australia.

4

Discussion and Conclusion

The analysis of the collaboration patterns behind the papers on the BPM conference series shows a growth of collaborations at all the levels of analysis: author,
institute, and country level. On the country level the increase of entrants result
in a utilization of the new research ties that potentially become available with
the new entrants. This can be taken as a sign that the BPM conference series
appears as a genuinely international forum. At the individual and institute level
this type of expansion is not so apparent. This can perhaps be more or less expected on an individual level, where young researchers will be entering this ﬁeld
with a small collaboration network. However, the lack of growth in cooperation
patterns between the institutes over the years can be seen as somewhat worrisome if this is taken as an indication of researchers at the various institutes of
favoring “in-house” research.
From the analysis of the numbers of contributions, one can establish that
Germany, The Netherlands and Australia are the leading countries in their participation in this research area. Several universities are actively participating
in Germany including the University of Potsdam, Ulm University, HumboldtUniversity of Berlin, and the University of Stuttgart, with shares of 5 up to
11% of the total number of papers. In the Netherlands, the leading university
is Eindhoven University of Technology, with strong contributions of several authors amounting to a share of publications in the range of 38%. In Australia, a
broader array of universities is contributing to the ﬁeld, notably Queensland University of Technology, Swinburne University of Technology, and The University
of Queensland, with respective shares of 14.21%, 7.89% and 5.26%.
To conclude, the co-authorship networks derived from the publications in the
BPM international conferences 2003-2008 help to recognize how the community
of researchers is built around this research area, and what inﬂuence is exerted
by their universities and the countries that they are aﬃliated with. The paper
is also a nice illustration of the versatility of the BPM tools that are developed
by the same community. After all, it is the ProM tool that was developed for
supporting various process mining techniques that was used for this bibliographic
study. It is our hope that the presented results provide the members of the BPM
community with some new insights and will encourage them to link up with
others, in pursuit of breakthrough research.
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