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Abstract. The Business Process Modeling Notation (BPMN) is an increasingly
important standard for the graphical representation of processesffersa

wide range of modeling constructsot all of these constructs are equalty-i
portant, adusness analysts frequently use arbitrary subsets of BPMN. In this
paper we investigate what these subsets are, and how they differ beta&een ac
demic, consulting, and general use of the language. We analyzed 120 BPMN
diagrams using mathematical and statistteahniques. Our findings indicate
that BPMN is used in groups of several, wagfined construct clusters, but less
than 20% of its wcabulary is used regularlWhile the aveage model contains

just 9 different BPMN constructs, only a small agreed dubE&PMN has
emergedThe usage frequency of both individual constructs and languége su
sets follow an exponential distribution, which indicates that BPMN users may
treat it like a natural language.
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1 Introduction

The Business Process Modeling Notation (BPNIN)is emerging as a standarchia

guage for capturing business processes, especially at the level of domain analysis and
high-level systems design. A growing number of process design, enterprisearchite
ture, and workflow automatiotools provide modeling environments for BPMN. The
development of BPMNvas influenced byhe demand for a graphical notation that
complements the BPE]2] standard for executable business processes. Although this
development gives BPMN a technical focus, the intention of the BPMN designers was
to develop a modeling language that can equally well be applied to typical business
modeling activities. This is clearly visible in the specification document, whid sep
rates the BPMN constructs into a set of core graphical elements and an extended,
more specialized set. BPMN6s develiopers
ness aalysts for the essential, intuitive articulation of business processes in very easy
terms. The full set of constructs woulden enable users to specify even complex

envi

sag


mailto:Michael.zurMuehlen@stevens.edu
mailto:j.recker@qut.edu.au

2 Michael zur Muehlen, Jan Recker

process scenarios with a level of detail that facilitates process simulation, evaluation
or even execution. This separation mirrors an emerging tendency in industnato sep
rate businesfocused process modeling from implementativiented workflow
implementation.

The evolution of BPMN closely mirrors the emergence of another modeling sta
dard,UML [3]. Both have been ratified by theasdardization body OMG. Both ©e
tain a larger set of constructs in contrast to competing languages, and offei-a mult
tude of options for conceptual modeling. Both have been found in analytical studies to
be not only semantically richer but also theordifamore complex than other maode
ing languages, e.gi4, 5]. And, in UMLO6s case, this complexit
deliberately reduce the set of constructs for system analysis and design tasks. Related
studies found that frequentlgss thar20% of the constructs are ugéd 7].

The apparent complexity of the BPMN standard seems to be similar to the UML
standard, which raises a number of questioms: BPMN users ablé and willing i
to cope with the complexity of the language? Does the separation into corg-and e
tended constructs provided by the specification hold in modeling practice® And
reallyi how exactly is BPMN used in practice?

While BPMN has been receiving significant attention not only in practice but also
in academia, virtually all contributions have been made on an analytical or conceptual
level, e.g.[8]. There are only few empirical insights into how BPMN is used in-pra
tice1 exceptions are reported jh0] and[11]. Accordingly, our research imperative
has been to provide empirical evidence on the usage of BPMN ifeeptocess
modeling practice. Thaim of this papeis to examine, using statistical techniques,
which elements of BPMN are used in practice. We colleatéarge set of BPMN
diagrams from three different application areas (i.e., consulting, education, precess re
engineering) and analyzed the models rdiggrtheir construct usage. This study is a
first step to determine the most commonly used set of BPbfistructs and to pr
vide the ecosystem of process modelers with specific advice which elements of
BPMN to use when. BPMN training programs could benefit from a structure that
introduces students to the most commonly used subset first before movingdsn to a
vanced modeling concepts.

We proceed as follows: The next section briefly introduces the background of our
research, viz., BPMN and our data souree®l presents our research desection
3 presents thanalysisresults and discuss#sem Section 4 cocludes this paper with
a discussion of contributisnimplicationsand limitationsand provides an outlook to
future research.

2 Background

2.1 Introduction to BPMN

The Business Process Modeling Notatjibhis a recently published notation standard
for business processes. Its devetept has been based on the revision of other-not
tions including UML, IDEF, ebXML, RosettaNet, and Eveniven Process Chains.
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BPMN was developed by an industry consortium (BPMl.org), whose constituents
represented a wide range of BPM tool vendors bugmbusers. The standardization
process took six years and more than 140 meetings, both physical and virtual. The
BPMN working group developed a specification document that differentiates the
BPMN constructs into a set of core graphical elements and andextespecialized
set. The complete BPMN specification defines 50 constructs plus attributes, grouped
into four basic categories of elements, viz., Flow Objects, Connecting Objeats; Swi
lanes and Artefactd-low Objects such as events, activities and gadgsy are the
most basic elements used to create BPMN mo@@snecting Objectare used to
inter-connect Flow Objects through different types of arrd3simlanesare used to
group activities into separate categories for different functional capabilitiespn-
sibilities (e.g., different roles or organizational departmeitggfactsmay be added
to a model where deemed appropriate in order to display further related information
such as processed data or other comméigs.l gives an example of a BPMNadi
gram, which depicts a high level payment and order delivery process triggered by a
sales event. For further information on BPMN refefljo
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Fig. 1. An example BPMN model

Existing research related to BPMN includeger alia, analyses and evaluations,
e.g.,[9, 10], use in combination with other grammars, especially BEL or its
support for workflow concepts and technolodi2]. This and other research is mos
ly analytical in natte. Few insights exist into the practical use of BPMN, which has
motivated our study.

2.2 Data Sources

In order to arrive at an informed opinion about the use of BPMN in practice lwe co

lected BPMN models from three types of sources: A search using dhtegarch

engines for ABPMN model 06 resulted an 57 BPMN di
tionbs web sites, from practitioner forums and
labeled in a variety of languages, but since our study focuses on the modeling co
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struds and not their content this was no hindrance. We collected an additional 37
BPMN diagrams from consulting projects to whisle had access. These diagrams
depicted ags and tebe processes from business improvement projects or software
deployment projest An additional 26 diagrams were collected through BPMix ed
cation seminars taught by the authors. These diagrams were created by seminar parti
i pants and depicted business processes
our data set consists of @BPMN models approximating the use of BPMN for a
variety of purposes including process-m@esign, education, consulting, and software
and workflow engineering. 6 models were excluded from the analysis because they
explicitly illustrated nonsensical djeams or wereuplicates

2.3 Research Design

Having obtained a significant set of BPMN models, our next step was to prepare these
models for analysis. We created an Excel spread sheet counting the type of BPMN
constructs in use per model. Each occureenfca BPMN construct was marked as 1,
otherwise 0. This coding allowed us to treat the individual models as binary strings
for further analysis. In our coding effort, we kept track of the data sources for each

model, which, for analysis purposes, we labdl 6we b dé (those model s

from

from I nternet search engines), 6consultingd

engagements) and O6seminard (those obtai
The resulting tables provided the basis for the applicatigtatistical techniques

such as cluster analysis, frequency analysis, covariance analysis and distribution ana

ysis. We employed analysis techniques available in Excel (frequency couats), M

thematica (covariance matrices, Hamming distances) and R (carsidrsis). The

following sections provide further details about the exact application of the various

techniques used, andgsduss the results we obtained.

3 Analysis and Discussion

3.1 Overall Use of BPMN Constructs

BPMN offers 50 modeling constructsanging from Task and Sequence Flow to
Compensation Associations and Transaction Boundaries. Our first question was:
Which of these symbols are used in practice and how frequently?

Fig. 2 shows the frequency didbation of the individual BPMN constructs, sep
rated by the three sample sets and ranked by overall frequency. Generally speaking,
the distribution of constructs follows a powaw distribution, with only four co-
structs being common to more than 50% @ timagrams: Sequence Flow, Task, End
Event, and Start Event. Notably, these constructs all belong to the originally specified
BPMN core sef1].

Fig. 2 shows that every model contained the Sequence Flostraot, and nearly
every model containetthe basic Task construct (the diagrams that did not contain the
Task construct used the Subprocess construct). The majority of Web and Seminar
models contained Start and End Events, while the Consultintplmeeplaced these
with more specific event typ€s.g., Message or Timer Events for Start Events; Te
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minate, Message, or Link, for End EveniEe other BPMN costructs were uneve
ly distributed.

Fig. 2. Occurrence Frequency of BPMN Constructs

A visual inspection oFig. 2 leads to a number of interesting obs#ions:

While the majority ofconsulting models contained Datased XOR Gateways
(77%), Pools (81%) and Lanes (69%), these constructs were much less frequent in the
other two sample se{57%, 30%, 21% and 23%, 56%, 16% respectivelyvel and
seminar models). This indicates that the consulting models depict organizational
structure in more detail than the random web sample. The majoritpnsiulting
models cotained detailed Gateway mstructs, whereas only ¥ of the seminar models



