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Abstract. Research on quality issues of business process models has
recently begun to explore the process of creating process models. With
growing complexity, the creation of business process models requires the
presence of several, potentially spatially distributed stakeholders. As a
consequence, the question arises how this affects the process of process
modeling. For this purpose, we utilized a collaborative modeling environ-
ment based on Cheetah Experimental Platform for analyzing the collab-
orative process of process modeling. In this work, we present hypotheses
describing observations of the collaborative process of process modeling
obtained from exploratory modeling sessions. These hypotheses will be
tested in future work.
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1 Introduction
Business process models are heavily used in all types of business contexts [1]
playing an important role for the management of business processes [2]. Process
models are increasingly created in a collaborative manner, where a number of
people actively contribute to the creation of a model [3]. The stakeholders in
this problem solving activity provide different skills, expertise, and knowledge
[4]. Even though, collaborative process modeling settings are increasingly found
in practice [3, 5] and results in software engineering have shown that collabo-
ration can increase quality and efficiency significantly [6], the way how process
models are collaboratively created is hardly understood [3]. We extend existing
work investigating the process of creating process models (i.e., process of process
modeling (PPM)) which focuses on single modeler settings [1], toward a col-
laborative setting where multiple stakeholders (e.g., domain experts and model
engineers) collaboratively create process models. For this purpose, we utilize col-
laborative Cheetah Experimental Platform (cCEP) [7] and its visualizations for
analyzing the collaborative process of process modeling (cPPM) in order to gain
an in-depth understanding of the cPPM. We performed exploratory modeling
sessions with different team compositions and analyzed the cPPM using the vi-
sualizations of cCEP. In this paper we present preliminary findings and derive
hypotheses based on observations of the cPPM, which will be systematically
investigated in future work.

The remainder of this paper is structured as follows: Sect. 2 presents back-
grounds on the PPM and introduces CEP. Sect. 3 then details the visualizations



of cCEP. Sect. 4 outlines preliminary findings and presents hypotheses describ-
ing the cPPM. Related work is discussed in Sect. 5. Finally, Sect. 6 concludes
the paper with a summary and outlook on future work.

2 Process of Process Modeling

This section provides background information on the PPM and how it can be
analyzed using CEP for single modeler settings.

2.1 The Process of Process Modeling

Research on the PPM focuses on the modeler’s interactions with the modeling
environment [1], i.e., the formalization of a process model as described in [8].
During the PPM, modelers are facing the task of creating a syntactically correct
process model reflecting the description of the real world’s domain by interacting
with the modeling environment [8]. The PPM can be described as a flexible,
iterative process consisting of the three phases of comprehension, modeling and
reconciliation [1, 9].

Comprehension. According to [10] a problem solver formulates a mental
representation of the problem as a first step. When creating a process model,
the limitations of working memory prevent modelers from creating a complete
representation in a single step [9, 1]. Rather, the problem is broken down into
small chunks which are addressed sequentially [9, 1].

Modeling. After formulating a mental representation of the problem, the
modeler utilizes the constructs of the modeling language for creating a formal
process model [9, 1]. For this purpose, the modeler interacts with the modeling
environment by adding or removing activities, gateways and edges.

Reconciliation. Modelers may reorganize a process model (e.g., renaming of
activities) and utilize its secondary notation (e.g., notation of layout, typographic
cues) to enhance understandability [11].

In order to investigate the PPM in a systematic manner CEP—a specialized
modeling environment for investigating the PPM—has been developed [12]. By
recording all interactions with CEP, researchers are able to replay the creation
of the process model step by step without interfering with the modeler’s problem
solving efforts, allowing a detailed analysis (cf. [1])1.

3 Analyzing and Visualizing the Collaborative PPM

When process models are created collaboratively, the individual processes (cf.
Sect. 2) are not sufficient. In addition, team processes take place during which
teams exchange information, create solution options, exchange knowledge, eval-
uate and negotiate alternatives, and assess their own processes [13]. As a result,
the team is building further knowledge and a shared understanding of the process
model [13, 14]. In order to be able to analyze these processes cCEP extends CEP
with support for collaborative modeling [7]. For this purpose, cCEP not only
supports creating models, but also provides features needed when participants

1 A demonstration of CEP’s replay is available at http://cheetahplatform.org.



Fig. 1. The Commit History View of Collaborative CEP

Fig. 2. The Communication Window of Collaborative CEP

are spatially separated from each other (e.g., the opportunity of communicat-
ing with each other) [5]. Furthermore, cCEP extends the replay functionality of
CEP in order to be able to replay data retrieved from collaborative features (e.g.,
messages exchanged) [7]. This enables us to analyze team processes in detail in
combination with the individual processes of single team members.

Beside capturing the cPPM, investigating the cPPM in a structured manner
is essential. Therefore, cCEP provides visualizations for analyzing the collabo-
rative process of process modeling (e.g., heat maps, active modeler diagrams).

Commit History View. Similar to CEP for single modeler settings (cf.
Sect. 2), cCEP provides the ability of replaying the creation process after the
modeling process ended. Within the commit history view (cf. Fig. 1) messages
exchanged are listed in addition to model changes. Using the buttons on the top
(cf. Fig. 1(a)) researchers are able to step back and forth within the cPPM [7].

Communication Window. When spatially separated participants are col-
laboratively solving a problem (i.e., creating a process model) means for exchang-
ing messages, evaluating and negotiating alternatives, exchanging knowledge,
and assessing their own processes are necessary [13]. Therefore, cCEP provides
a chat window (cf. Fig. 2) which can be used for conversation protocol analysis
(e.g. using Grounded Theory [15]) after the modeling session ends [7]. Particu-
larly, when investigating the team processes conversation protocols stored in the
chat window are needed.

Node’s History Tooltip. When hovering with the mouse over nodes (i.e.,
model elements) cCEP reveals their history as a tooltip (cf. Fig. 3). Using this
feature researchers can see how specific model elements evolved over time. They
cannot only see by whom and when they were created but also why they were
created. This can be identified because cCEP is linking messages to model ele-
ments, which were exchanged during creation of those elements [7]. Thus, those
messages are displayed within a node’s history revealing the intention behind
the node.

Heat Map. [7] introduced measures for evaluating the cPPM (e.g., number
of changes per node, number of comments per participant, and number of nodes
created per participant). Fig. 4(a) lists the nodes with their numbers of model
changes (e.g., create/delete node, add/remove sequence), layout changes (e.g.,



Fig. 3. The Node History of Collaborative CEP

Fig. 4. The Heat Map and Measures Visualizing the Collaborative PPM

move node) and total changes (i.e., the sum of model and layout changes). This
measure might indicate model elements that caused difficulties or controversy
during the modeling process. Additionally, cCEP utilizes heat maps illustrating
those measures (cf. Fig. 4(b)) where nodes changed more often appear darker.
Using this heat map we are able to identify the most controversial elements
right within the model. Number of nodes created per participant is another mea-
sure and might indicate the participants providing the most domain knowledge.
Hence, those measures can be used to analyze the cPPM.

Active Modeler Diagram. Active modeler diagrams (cf. Fig. 5) display
changes to the model or messages sent for each participant. For this, we filter
interactions for creating model elements, sending messages, and laying out model
elements and plot them on a time-line using different colors for each participant.

4 Identification of Hypotheses

In this section we present observations obtained from investigating the cPPM
using visualizations presented in Sect. 3. Moreover, we derive hypotheses describ-
ing these observations. Specifically, these hypotheses are aiming at the phases
occurring within the cPPM as well as the roles involved within the cPPM.

4.1 Setup of Exploratory Modeling Sessions

In order to test the visualizations of the cPPM (cf. Sect. 3) and investigate
the cPPM we performed exploratory modeling sessions using pairs of model
engineers. During each session, two participants (i.e., model engineers) collab-
oratively created a process model for planning a ski tour. All participants had
experience with BPMN. Moreover, one of the participants within each pair was
additionally familiar with the domain, acting as the domain expert during the
modeling session. Since all participants were native German speakers, data pre-
sented within the diagrams is in German and translated to English where nec-
essary.



Fig. 5. The Active Modeler Diagram Visualizing the Collaborative PPM

4.2 Hypotheses Generation

The statements presented in this section are deduced from two modeling sessions
using different participants. In future work we will not only test and validate
the derived hypotheses using a higher number of participants but also conduct
modeling sessions with various team compositions (e.g., model engineer and
domain expert or more than two participants) for gaining an understanding
of the cPPM within different team compositions.

Driver Featuring Controller. When analyzing the cPPM with two model
engineers, their interplay can be compared to pair programming, a technique
known from software engineering [16]. Similarly to [6] we were able to identify a
driver who actively created the model and a controller who oversaw the problem
solving efforts of the driver. The participant being the driver could be identified
using the measure number of nodes created per participant (cf. Sect. 3) or using
its visualization (cf. Fig. 6). Our two test cases suggest that the role of the
driver is taken by domain experts. This led to our first hypothesis H1: Domain
experts take over the role of the driver. Important for this hypothesis was the
fact that all participants (including the domain expert) already had experience
with BPMN.

Team Knowledge Building Phase. Several team knowledge building
phases [13] (varying in duration) during which participants tried to understand
the requirements to be modeled as well as the model that has been created so far
could be identified (cf. Fig. 5(a)). As a result, this team knowledge building phase
within collaborative modeling settings could be mapped to the comprehension
phase (cf. Sect. 2) of the PPM for single modeler settings.



Fig. 6. Heat Map Visualizing the Creation Activities

Moreover, modelers tried to understand the solutions of their companions
and tried to convince them of their own ones [17]. During those team knowledge
building phases the participants stopped their modeling efforts as well as their
reconciliation efforts leading to hypothesis H2: Participants stop their modeling
and reconciliation efforts in order to work on team knowledge building phases.

Modeling and Reconciliation Phase. After such team knowledge build-
ing phases the driver extended the model. Again, this task corresponds to a
phase of the PPM for single modeler settings (i.e., modeling) (cf. Sect. 2). Si-
multaneously, the controller reorganized other (e.g., older) parts of the model
(e.g., renaming of activities, performing layout changes) (cf. Fig. 5(b)) which
refers to the reconciliation phase of the PPM for single modeler settings (cf.
Sect. 2). As a result the two successive phases within single modeler settings
(i.e., modeling and reconciliation) were shared between the modelers and per-
formed concurrently. Using this information we derived two hypotheses H3: Both
participants are actively changing the model (i.e., modeling and reconciling) at
the same time and H4: Participants are concurrently working on different blocks
of the model.

Role Changing Phase. We were able to identify situations where the con-
troller took over the leading role (i.e., driver) (cf. Fig. 5(c)). When analyzing the
conversation protocols using the node’s history (cf. Fig. 3) we were able to iden-
tify the reason for these role switches. In one case the controller had a simpler
solution in mind and instead of explaining his idea he just changed the model
himself. After discussing the new solution the original driver took over again and
extended the model further. In another case the controller found a mistake in the
model and interrupted the driver with a message. The controller then took over
and corrected the model. This error searching behaviour of the controller resem-
bles the controller role of pair programming [6]. Common to both role switches
was the fact that the controller did not agree with the model created by the
driver. Hence, the controller took over and corrected the model according to his
knowledge of the domain. Hypothesis H5: Role changes occur on disagreements
describes this observation.

5 Related Work
The PPM is concerned with the interaction of the participants (e.g., domain
experts and model engineers) during modeling. The importance of the modeling
process is acknowledged in [8]. There has already been research on the PPM for
single modeler settings [1, 18] as well as on the cPPM where multiple stakeholders
are creating process models [17, 19–22]. [17] investigates collaborative modeling
settings concentrating on the negotiation phase of this process. We want to



investigate the team processes involved within the cPPM and their interaction
with the individual processes on a micro-cognitive level. Investigating a closely
guided, wizard like conceptualization support is the focus of [19, 20]. In contrast,
we want to analyze an unguided model creation process. The team-building
processes when creating a model collaboratively using a proposal based tool
(COMA) and allowing face to face communication are researched in [21] and
evaluated using various measures (e.g., number of proposals per participant,
comments per proposal). Our participants are able to synchronously work on
the same process model. The practices employed within a collaborative modeling
environment (i.e., ProcessWave2) are observed in [22]. Here, effectiveness and
efficiency are measured using the notation of breakdowns. In contrast, we are
not only interested in observing the difficulties participants are facing during the
modeling process, but also the team processes taking place.

6 Summary and Outlook

This paper presented a tool to support collaboratively creating business pro-
cess models as well as visualizing and analyzing the process of process modeling
within collaborative modeling settings. Using these visualizations we analyzed
the cPPM data we gathered in exploratory modeling sessions and derived hy-
potheses. Our modeling sessions showed that the collaborative creation of busi-
ness process models resembles pair programming where one programmer actively
solves a problem (i.e., the driver) and a second programmer oversees the problem
solving efforts (i.e., the controller) [6]. Additionally, controllers were laying out
other parts of the model while the drivers were modeling. This way, controllers
were increasing a model’s maintainability as well as a model’s understandability
[11, 26]. As soon as controllers identified problems they interrupted the drivers
(e.g., by sending a message), took over the role of the driver and modified the
models reflecting their knowledge. After a team knowledge building phase the
participants were changing their roles back again. These findings give some in-
sights into the phases occurring and the roles involved within the cPPM. As
future work we plan to perform additional modeling sessions using our tool and
its visualizations in order to validate these hypotheses. Furthermore, we will
investigate settings with various team compositions (e.g., model engineer and
domain expert or more than two participants).
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