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Abstract

Case Management Model and Notation (CMMN) was introduced by the Object Management Group as an alternative modeling
language, targeting human-centric processes characterized by lack of structure and agility. However, although it is adequately
supported by well-known process management tools, CMMN applicability as a modeling language is being questioned
in practice. In this work, an empirical evaluation of CMMN models is presented, through a real-world case study where
CMMN has been used for the analysis and implementation of a collaborative process by independent groups of process
engineers. Their experience is being discussed, based on their modeling perspective. The produced models in the analysis and
implementation phase are evaluated, using pre-existing metrics customized for CMMN. Based on the experience of engineers,
CMMN applicability is evaluated, highlighting aspects in which its application might be limited, that should be addressed.

Keywords Process modeling - Collaborative processes - Modeling perspectives - Case Management Model and Notation -

Evaluation metrics - Empirical evaluation

1 Introduction

Collaborative processes are recursive ones, relatively com-
plex, normally developed and shared among a group of
stakeholders with different goals and skills, working together,
sharing knowledge, learning and building consensus [6].
Business Process Model and Notation (BPMN), well known
for its structural philosophy, is not efficient for modeling
such processes, as BPMN work-flows are designed to be
strict, non-adaptive to changes as well as not supportive to
decision-making and collaboration [5,25,30,38]. On the other
hand, there are alternative-to-BPMN languages proposed to
model collaborative processes [2,5,8,9,40]. One of the main
differences between languages like BPMN and such efforts
is the paradigm shift from prescriptive to declarative [7].
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However, none of these languages has been established
as a standard. To this end, the Case Management Model and
Notation (CMMN) was introduced by the Object Manage-
ment Group (OMG), to facilitate and support organizations
that would prefer to view their processes as cases, where
participants exchange data and ideas to fulfill a specific goal,
while there are no strict rules governing their interaction [20].
According to OMG, CMMN may aid in the decision mak-
ing process through suggestions, yet keeps humans firmly
in the driver’s seat. CMMN is centered around living infor-
mation and relationships, while BPMN is centered around
a-priori defined activity sequences. Using an event-centered
approach and the concept of a case file, CMMN expands the
boundaries of what can be modeled with BPMN, including
less structured work efforts and those driven by knowledge
workers. It is anticipated that using a combination of BPMN
and CMMN allows users to cover a much broader spectrum
of work methods [20].

When requested to consult a public organization on
exploring a collaborative process and develop the appropri-
ate software to support it, we decided to employ CMMN
following OMG guidelines. ReWeee Initiative employed by
Appliances Recycling SA, alongside with more than twenty
collaborators both Greek and foreign, aims at promoting elec-
tronic product exchange and consequently reduce electronic
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waste. Participating in this initiative, we were assigned the
design and implementation of a collaborative platform to pro-
mote electronic and electrical equipment (EEE) exchange.
For this purpose, we employed CMMN to model the EEE
exchange collaborative process. Despite the fact that there is
some uncertainty about CMMN applicability in real-world
cases [23,41], we explored its potential for implementation
purposes as well.

Our first task constituted of the user requirement analysis
phase, where more than twenty project stakeholders argued
on the way exchange should be performed. The attempt to
provide them with a CMMN model of the process to pro-
mote discussion was presented in [32]. Two different groups
worked independently to construct a CMMN model for EEE
exchange process for analysis purposes, and their experi-
ence was recorded. Their effort resulted in two different
models, each following a different perspective, one ana-
lytic and one abstractive, although both models conformed
to CMMN semantics. The expectations of the two differ-
ent groups regarding CMMN as a modeling language were
recorded, along with challenges faced when using it.

In this paper, we extend the work presented in [32],
commenting on the experience obtained during the overall
process of analysing and implementing the EEE exchange
process using CMMN. By presenting this experience, we aim
to explore CMMN applicability in modeling collaborative
processes in both the analysis and the implementation phase
of a project. Considering the aforementioned difference of
the two alternative modeling perspectives and corresponding
CMMN models between the two groups, we retained them in
the implementation phase as well. Both groups were given an
open-source CMMN platform to implement the model they
have constructed in the analysis phase. They were given the
freedom to alter the model as they found fit to make it more
efficient for implementation purposes. Their experience was
recorded, codified in specific queries for both the user anal-
ysis and implementation phase of the project. Emphasis was
given on the modeling language itself and its execution fea-
tures, as prescribed in CMMN standard, and not the specific
features of existing tools or rather the lack of them. As the
adoption of CMMN standard is in its initial stage, all CMMN
execution engines are expected to fully comply to CMMN
standard and provide prescribed functionally in short period
of time. Propositions for future improvement focus on the
language itself and not specific tools supporting it.

As the two analysis models, although valid in terms
of CMMN constructs, differ significantly between them, a
quantitative comparison between them in both the analy-
sis and implementation phase took place to explore whether
they would align during implementation. To do so, existing
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CMMN model evaluation metrics regarding their complexity
[19] and expressiveness [7], were employed. Additionally,
the comparison of the results led to observations regard-
ing how modeling philosophy was altered during the shift
from analysis to implementation phase. Combined with the
recorded experience of process engineers, we resulted in
reflections on CMMN applicability for modeling collabo-
rative processes.

The rest of the paper is structured as follows. In Sect. 2, a
brief introduction to CMMN language is provided alongside
with a discussion on existing work on CMMN evaluation and
collaborative processes modeling. In Sect. 3, ReWeee case
study is presented and the setup of the empirical research
procedure followed to explore and record the experience
of process engineers is explained. In Sect. 4, the modeling
experience through the two perspectives identified in [32] is
briefly discussed. Sect. 5 focuses on implementation expe-
rience. The effort of the two modeling groups to implement
their models is being also discussed through queries about
their experience. In Sect. 6, the evaluation of CMMN appli-
cability is discussed, while the models created are being
evaluated as well. The evaluation questions are answered
based on the experience recorded in the previous sections.
Conclusions and future work reside in Sect. 7.

2 Background: related work
2.1 Modeling of collaborative processes

Collaborative processes are recursive ones, where two or
more people or businesses work together aiming on common
goals [25]. Within the collaborative process, management
information is driven by social, technological, scientific, and
inter-disciplinary dependencies. Collaborative processes are
therefore difficult to handle. [6].

Business Process Model and Notation (BPMN), well
known for its structural philosophy, is not efficient for mod-
eling such processes, as BPMN work-flows are designed to
be strict, non-adaptive to changes as well as not supportive
to decision-making and collaboration [5,25,30,38]. On the
other hand, there are alternative-to-BPMN languages pro-
posed to model collaborative processes [2,5,8,9,40]. One of
the main differences between languages like BPMN and such
efforts is the paradigm shift from prescriptive to declarative
[7].

More specifically, in [5] a role-based framework for mod-
eling collaborative processes is proposed, while in [40], a
modeling approach for collaborative business processes is
being introduced. Additionally, in [9], a support system for
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ad hoc and collaborative processes is being presented. In [8]
a event-based approach based on Complex Event Processing
(CEP) was proposed to deal with collaborative processes. A
similar attempt is described in [1]. The need to translate mod-
els of collaborative processes, created using such tailored
languages to executable BPMN model for implementation
purposes has been identified in [25], due to the lack of any
standardisation.

CMMN was introduced by OMG in 2015 as an effort to
provide a standardized, executable modeling language, as an
alternative to BPMN [20]. Its suitability for modeling col-
laborative processes has been proclaimed, though it should
be explored in practice [31].

2.2 CMMN standard

The focus of the CMMN specification is the notation, the
meta-model, the interoperability between tools, and min-
imum execution semantics [18]. The main objective of
CMMN is to define a common meta-model and notation for
modeling and graphically expressing a Case. A Case involves
actions taken regarding a subject in a particular situation to
achieve a desired outcome. Traditional examples are cases
that refer to legal and medical working environments, where
a legal case involves the application of the law to a subject in
a certain fact situation, and a medical case involves the care
of a patient in the context of a medical history and current
medical problems. The subject of a case may be a person, a
legal action, a business transaction, or some other focal point
around which actions are taken to achieve an objective. The
situation commonly includes data that inform and drive the
actions taken in a case [22].

There are two phases for each executable case. First, dur-
ing design-time, business analysts prepare the case execution
by modeling the case. Once a case has started to being exe-
cuted, the case is in run-time. In this phase, the case workers
are working on achieving the case objectives [17]. A CMMN
model primarily comprises of the case items projected in
Table 1.

Case management is concerned with determination of
which tasks are applicable, or which follow-up (discre-
tionary) tasks are required, given the state of the case.
Decisions and flow may be controlled by events or new
facts that continuously emerge during the course of the case,
such as the receipt of new documents, completion of certain
tasks, or achieving certain Milestones. Individual tasks that
are planned and executed in the context of the case might
be predefined procedural processes in themselves, but the
overall case cannot be orchestrated by a predefined sequence
of tasks. Finally, the meta-model and notation are used to
express a case model in a common notation for a particular

type of cases, and the resulting model can subsequently be
instantiated for the handling of a particular instance of a case
[22].

2.3 Using and evaluating CMMN language

CMMN is currently considered an alternative-to-BPMN lan-
guage [22]. Several applications of Case Management, can
be identified, including among others, patient treatment and
medical diagnosis in healthcare, mortgage processing in
banking and application and claim processing in insurance
[22]. Very few of these applications can be found in the lit-
erature, that use CMMN in real-world scenarios. Such an
attempt is the one of Wiemuth et al. [41], where CMMN,
combined with BPMN and DMN [21] has been applied in
modeling real-world operations taking place in two hospitals
in Germany. Another work, the one of Herzberg et al. [13],
applies CMMN “to tackle the need of flexibility and transfer-
ability of clinical pathways between hospitals” [13]. Lantow
et al [4] discuss its application in the social sector.

Having applied CMMN on real-world scenarios, the next
step one should take is to evaluate such an attempt. There
are plenty of research works aiming to the evaluation of a
methodology or a modeling language, like [29] and [42], that
attempt to evaluate BPMN. In order to evaluate the appli-
cation of a methodology upon a field of study, what it is
required, is the identification of evaluation metrics for this
methodology. Regarding BPMN, there are many attempts for
defining metrics, including [11,12,15,17]. As far as CMMN
is concerned, recent works attempt to identify metrics for
models evaluation, including [7,19]. With these metrics as a
basis one could attempt to evaluate the application of solely
CMMN in a real-world case study.

In [14,43], the usage of CMMN is compared with the one
of BPMN based on a specific case study.

Recently, CMMN was used as a language for modeling
knowledge and collaborative work, i.e., knowledge-intensive
and collaborative processes [10,37]. Previous work by the
authors examines CMMN for modeling social and collabo-
rative processes [31,32].

3 Modeling a collaborative process with
CMMN

In order to explore the applicability of CMMN for the
analysis and implementation of collaborative processes, we
present our experience of using CMMN in a real-world case
study. As identified in [32], there is a differentiation in the
perspectives between different groups of process engineers.
This is not an unusual issue at the requirements phase of a
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Table 1 CMMN elements, notation and description

Name CMMN notation

Description

Case Plan Item

Task Plan Item

Case File Item

Stage Plan Item

Milestone Plan Item

Event Listeners

Sentries é? +

Discretionary Items

A case plan item contains all the case elements that are
involved representing the content of the case as well as the
way to process and resolve the case

Tasks describe activities that can be executed during the
run-time phase. Four types of tasks are supported: human
(performed by a knowledge worker), process (to embed a
process), decision (to embed a decision) and case (to
embed other cases)

A Case File Item represents a piece of information of any
nature, ranging from unstructured to structured, and from
simple to complex. In knowledge-intensive work,
documents are typical outputs of tasks or stages

Stages are logical containers of tasks to be performed within
the course of a case. They allow structuring a case
hierarchically

A Milestone represents an achievable target, defined to
enable evaluation of progress of the case. No work is
directly associated with a Milestone, but completion of set
of tasks typically leads to achieving a Milestone of the case

An Event Listener captures events, which are things that
happen during a case. Events may trigger, for example, the
enabling, activation, and termination of stages and tasks, or
the achievement of milestones

Sentries allow defining logical dependencies between tasks
and/or events, watching out for important situations to
occur. Sentries also represent a combination of conditions
and events that define the sequence of tasks to be
implemented [31]

These identify an item, of which instances can be planned, to
the discretion of a case manager[7,17]

project [3], especially when it comes to collaborative pro-
cess modeling [26], where a group of people interact to
construct a process model. The utilization of standard model-
ing languages may limit the differences between constructed
models; however, different perspectives still exist, resulting
in different models adhering semantics of the same language
[24].

3.1 Case study

The LIFE ReWeee Initiative aims to prevent the creation
of Waste Electrical and Electronic Equipment (WEEE) and
is coordinated and employed by Appliances Recycling SA.
This initiative includes a major action promoting the dona-
tion and exchange of EEE in a national-scale fashion, while a
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web-based collaborative platform, namely the ReWeee plat-
form, should be developed to bring together organizations
and individuals participate in this action [27]. The main
goal of the platform to facilitate and promote Electrical and
Electronic Equipment exchange and donation among house-
holds or households and public/private bodies. Its success
lies within the social communication between volunteers and
their collaboration in order to achieve the best possible result.

We considered the EEE exchange process as a case to
be completed with the collaboration of all interested parties.
Our first task was to obtain an abstract description of the
case from Appliances Recycling SA. When talking about a
collaborative platform, our client had in mind a sort of social
application or wiki, thus, the following paragraphs, in italics,
is the first-level description of EEE exchange case as pro-



Empirical evaluation of CMMN models: a collaborative process case study

1399

vided to us. When described by ReWeee management team,
a user-centered approach was followed [31], based on the
assumption that they were prescribing what different kinds
of participants should do in the context of a collaboration
environment.

“First of all, there are two types of users. These are guest
and registered users that differentiate themselves in the per-
missions that they get granted as far as the use of the platform
is concerned.

More specifically, when any unregistered user visits the
web platform for the first time, he gets prompted to register, by
creating a user account. This account can be created either by
signing up via an email and a password or by signing up via a
social network account, which requires his/her giving to the
platform the necessary permissions for using personal data.
After a successful registration, the, from now on, registered
platform user, is able to submit an advertisement donating
or exchanging an item, to declare interest for an existing
EEE product and propose an offer to acquire it, as well as
to communicate with any other user who owns a desirable
electric device.

Moreover, a registered user is not only able to search a
product based on some conditions, namely, filters like item
categories, item state, donating-user region, but also to either
suggest changes regarding the item’s category for which
he/she is searching, or even to comment in an advertisement
that he/she had expressed interest for. That way, the appro-
priate users will be notified for either the category change
proposal or the commenting in an advertisement.

Finally, registered users have a profile in which they are
able to be notified for any recycling actions taken via a news-
feed as well as being informed for general topics regarding
recycling and its benefits. Within each user’s profile, a calen-
dar exists via which a user can be informed for any recycling
events taking place.”

Based on the description provided, one could easily con-
clude that EEE exchange could not be effectively modeled
using BPMN, as the sequence of activities unpredictable and
random. However, a visual model of the process would be
useful during user requirement analysis stage. For that rea-
son, we identified it as a Case that could be modeled using
CMMN, which enables the modeling of such activities in a
more fluid fashion.

3.2 Case study lifecycle

The lifecycle of the EEE exchange modeling process is
shown in Fig. 1. Two different modeling groups participate
in the study.

As was also mentioned in [32], each group consist of
a senior business process modeling expert, a junior mod-

eler and a senior software engineer. They are led by the
senior modeling expert. Each group consists of two men
and one woman. Senior modeling experts are over 40 years
old, one man and one woman. The rest group members are
aged 25-35. Both senior modeling experts were familiar with
CMMN, while all modelers were familiar with collaborative
processes and their requirements. All members were familiar
with BPMN and related tools.

3.2.1 Process analysis

Requirements analysis The whole process was initiated with
an interview stage where the two working groups had a
chance to independently interview ReWeee Initiative man-
agement team as well as other project stakeholders. Both
of them asked for additional information on the project,
performing a requirement analysis for the design of the col-
laborative process identified within the ReWeee web-based
platform workflow.

Modeling process During the modeling procedure, there
was no interaction between the two groups, as each one of
them should create a model, using CMMN, for the analysis
phase of the ReWeee project based on the information they
collected during requirement analysis. They had the chance
tore-consult with ReWeee Initiative management team mem-
bers to clarify specific issues on EEE exchange process.

Tools used For the construction of their CMMN model,
both modeling groups used Camunda Modeler tool, an open
source version, as it provided full support for all of CMMN
notation elements, being a cross-platform modeling tool. It
is also quite easy to use.

Recording modeling experience After completing the con-
struction of their models, each group’s experience with
CMMN was recorded through a structured interview. Each
group was provided with a structured questionnaire enabling
them to record their views on the queries, shown in Table 2.
These referred to specific aspects of their modeling expe-
rience for analysis purposes. The group members recorded
their opinions as a group, though individual thoughts were
also recorded. After filling the questionnaire, they were inter-
viewed to better explain their views.

As mentioned in [32], the two models produced at the
analysis phase of the EEE exchange process, despite the fact
that they were valid in terms of utilizing CMMN concepts,
seemed extensively different, which was not an anticipated
outcome [32].

3.2.2 Process implementation

The next phase of ReWEEE case study was the implementa-
tion of the process. We decided to explore the implementation
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Fig.1 Empirical evaluation of EEE exchange process modeling using CMMN

of EEE exchange process using a CMMN execution tool.
Having in mind, the aforementioned difference of the per-
spectives of the two models, we retained both the existence
and the composition of the two groups, again as two alterna-
tives for process implementation, aiming to the best possible
result.

Implementation Requirements At that point, the two mod-
eling groups interviewed potential users of the ReWeee
collaborative platform, including several members of both
local and international non-government organizations that
already had expressed their interest in using the platform to
be created. They analyzed the platform user’s requirements
in order to design a fully executable CMMN model for the
collaborative process of EEE exchange.

Modeling Process As far as the construction of the imple-
mentation model is concerned, both groups were given the
chance to alter their models as they moved from analysis to
implementation phase to ensure they were executable upon a
CMMN execution engine. Both teams achieved to create an
implementation model.

Tools used Camunda Modeler was chosen for analysis
purposes. However, it had limited capabilities for imple-
mentation purposes, since a significant amount of function-
ality prescribed by CMMN standard for CMMN execution
engines has to be written by the engineers in Java code. After
consultation with both groups, it was decided to both use
Flowable suite for implementation purposes.
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Recording modeling experience After completing the con-
struction of their models, each group’s experience with
CMMN for implementation purposes was recorded through
a structured interview. Each group was provided with a struc-
tured questionnaire enabling them to record their views on
the queries, shown in Table 4. These referred to specific
aspects of their modeling experience for implementation
purposes. The group members recorded their opinions as a
group, though individual thoughts were also recorded. After
filling the questionnaire, they were interviewed to better
explain their views. These referred to specific aspects of their
modeling perspectives implementation such as the confor-
mance with their modeling target. Additionally, their view
on CMMN notation elements support provided by Flowable
platform is also recorded in Table 3.

3.3 Model evaluation

The two modeling groups were interviewed after each phase
upon several queries regarding their experience in order to
identify the boundaries and limitations they came up with
during their modeling with CMMN. To provide a com-
parative analysis, the models themselves should also be
compared. To be able to evaluate the models as each group
made the shift from the analysis to the implementation phase,
as well as the models of the two groups in both phases,
we have adopted existing CMMN model evaluation metrics
regarding their complexity [19] and expressiveness [7]. The



Empirical evaluation of CMMN models: a collaborative process case study

1401

evaluation results lead to observations regarding how mod-
eling philosophy is altered during the shift from analysis to
implementation. This analysis, combined with the experi-
ence of the process engineers, which is recorded through
discussion, resulted in reflections on CMMN applicability
for modeling collaborative processes in not only the analy-
sis, but also the implementation phase.

4 Collaborative process analysis

Regarding the EEE exchange process analysis phase, the two
models produced by the two modeling teams were exten-
sively different, a not anticipated outcome, as discussed
in the following. We consider both models to be valid in
terms of utilizing CMMN concepts, as no syntax errors were
observed. However, the two models project two different
perspectives as far as both the level of analysis and design
philosophy is concerned [32], as shown in Figs. 2 and 3.

4.1 Analytic perspective

The first modeling team created the model projected in Fig. 2.
What can be commented for this modeling attempt is that its
design logic was based in analytically depicting what the
user of the collaborative platform should be enabled to do,
as was recorded during requirement analysis. As the stake-
holders had in mind a description of the case as a sequence of
available screens by a collaboration platform, the modeling
team adapted their perspective. What is primarily modeled
is which are the events that lead the case from one state
to another (in practice from one screen to another) with-
out having in mind which activities are mandatory or not.
For that reason, the is no use of discretionary tasks [22],
while the majority of actions are linked to each other. Finally,
data queried during the platform life-cycle are emphasized,
while EEE exchange case milestones are not modeled. It is
attempted to describe the case in detail so as to ensure that
nothing is going to be skipped during implementation.

4.2 Abstractive perspective

The second modeling team designed, for the EEE exchange
process, the model which is shown in Fig. 3. It projects,
like the first one, the whole functionality provided from the
ReWeee platform, but in contrast to the first one it repre-
sents it in an abstractive manner. It emphasizes which actions
are mandatory for the EEE exchange case to be completed
successfully. More specifically, there is an extensive use of
discretionary tasks, while there is a large amount of activities
that are not connected with each other. Data created during
the case are hardly under consideration in this model, but on
the contrary milestones are defined to highlight anything that

is considered as important for the ReWeee case. Stages are
also modeled in order to isolate the less important parts. What
could be commented is that this working group attempted to
ensure that the end-user has understood the EEE exchange
case components.

4.3 Rising questions

As the first model (see Fig. 2) seems to be more complex
and sequence-oriented than the second one (see Fig. 3), one
could comment that it looks in way quite alike as a BPMN
model, in terms of identification of flow.

In the following, we discuss the results of interviewing
both teams and explore what drove them to adopt their
perspective. The questions set to two modeling groups are
presented, alongside with the arguments they gave. The mod-
eling experience of both groups was discussed, with some
queries as a basis, in order to explore their willingness
to adopt CMMN in modeling similar cases. These queries
referred to: the modeling objective of their attempt, what
was facilitating during the modeling procedure, what diffi-
culties they faced in modeling the case and what would be the
difference in modeling the EEE exchange case with BPMN.
Table 2 presents a summary of the arguments provided from
the modeling groups.

In principal, the analytic model (Fig. 2) had as its primary
aim to describe exchange case flow in detail, having the visi-
tor of ReWeee platform in mind. It was an effort to precisely
describe the user experience expected as exposed by ReWeee
management team. Emphasis was given to the correlation of
tasks representing each possible step of the overall process
in great detail. Furthermore, focus is given to depict the way
EEE exchange case will be automated, without missing any
of the projected functionality. That leads to a quite descrip-
tive model. On the other hand, the abstractive model (Fig. 3),
attempts to define which ones of the case activities are manda-
tory so as to complete the case by making extensive use of
the Discretionary Task notation element. That way, a high
level of abstraction is provided to the model, making it eas-
ily readable. Though it lacks in information about case data
or how model elements are correlated.

Moreover, the ease of modeling was also discussed with
the two modeling groups. For the one that modeled EEE
exchange case in an analytic way, Sentries [22] were the
most facilitating feature of CMMN, enabling them to model
transitions in the case’s state. Having the projection of the
sequence of activities as their main goal, this feature was
the one that helped them the most at their modeling attempt.
The other group, that created the abstractive model, find the
ease of modeling lying to the use of Discretionary Tasks
for modeling less important Tasks. That way, the mandatory
Tasks, that lead to case completion, could be highlighted.
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Fig.2 EEE exchange case from an analytic perspective

On the other hand, both of the groups referred facing dif-
ficulties during the modeling of the EEE exchange case. For
the first group, that modeled the process analytically, it was
difficult to identify how to model the flow of the process.
Namely, they could not identify easily how sequence is rep-
resented. For that reason they utilized extensively the notion
of Sentry, using events not only to project the control of flow
but also to describe how the completion of a Task could com-
mence another Task. However, that made their model quite
complex, not familiar with CMMN. On the contrary, for the
other group that modeled the EEE exchange process in a more
abstractive fashion, it was difficult to define the exact corre-
lation between the case activities. That led them to model a
mass of Tasks, independent to each other, which was quite
unusual for the modelers and that also led to an undefined
sequence of activities.

Finally, concerning the differentiation from BPMN, the
analytic model had a design philosophy very close to
the one of the BPM, as it had the representation of the
sequence of the case activities as its main objective. Exten-
sive data modeling and strict sequence definition made
the modeling very close to the philosophy of BPM. The
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final model looked different from a corresponding BPMN
model just because the differentiation in notation elements.
On the contrary, the abstractive model projected the func-
tionality provided by the projection of the Tasks avail-
able but in a quite different way from a BPM model.
There was not such a thing like sequence representation,
while data were completely out of frame. This fact led
the model to look like more than a definition of Tasks
without taking under consideration the correlation between
them.

5 Collaborative process implementation
5.1 Implementation support in CMMN-enabled tools

The next step for the two working groups was to create the
implementation model for the EEE exchange process. In
order to do so, they should enhance their models to become
executable using a CMMN execution engine.

Camunda BPM Platform was the open source platform for
workflow and decision automation, used during the analysis
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Fig.3 EEE exchange case from an abstractive perspective

Table 2 Queries and arguments for the two modeling perspectives

Queries

Analytic perspective

Abstractive perspective

Modeling target

Ease of modeling

Modeling difficulties

BPMN differentiation

Design the EEE exchange case, as described by end-
users, representing tasks in detail so as to ensure
optimal implementation

Modeling was mainly facilitated by the use of Sen-
tries. It helped modelers achieve the objective of
modeling the sequence of activities

Difficulties in understanding how to represent the flow
of the case and to comply with the philosophy of
CMMN standard.

Design philosophy was very close to the one of BPMN
as the sequence of Tasks was the main objective of
modeling

Define the mandatory tasks of the case to highlight
those that when instantiated could lead to case com-
pletion

Modeling was mainly facilitated by the use of Discre-
tionary Tasks. Easier highlighting of the mandatory
Tasks for the case completion

Difficulties in defining the correlation between the
Tasks as well as in identifying how each task can be
instantiated

Platform functionality and Tasks were modeled
according to the CMMN standard in a quite differ-
ent way from BPMN

phase. However, it had limited capabilities for implemen-
tation purposes, since a significant amount of functional-
ity prescribed by CMMN standard for CMMN execution
engines has to be written by the engineers in Java code.
An alternative platform with a CMMN engine conforming

able.

closer with CMMN specification was chosen, named Flow-

As the adoption of CMMN standard is in its initial stage,
CMMN execution engines do not fully comply to CMMN
standard yet. Table 3 projects the main CMMN elements

@ Springer
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Table 3 Executable models elements tool support

Model elements

Tool usage

Tool support

Case Plan Item

Human Task Plan Item

Case File Item

Event Listener Plan Item

Sentries

Stage Plan Item

Milestone Plan Item

Discretionary Items

It is handled as a container for all other CMMN
elements. Case Plan Model is generally supported by
CMMN-enabled tools

The implementation of human tasks includes the
creation of forms to ease their completion and their
assignment to specific users. Human tasks are
completely supported

During design-time case file items can be modeled by
case designers; however, during run-time, their are not
utilized during run-time. Data should be attached into
forms and are handled through them

Events are included in the models, connected with the
sentries these trigger. However, during run-time their
implementation is usually unclear and tricky

Entry and exit criteria are modeled during design-time,
attached upon the tasks they control. However, their
implementation is buggy or requires hard-coding

Stage plan items like human tasks are generally
supported by CMMN-enabled tools. Their
implementation is a straightforward task

Milestones are easily designed during design-time
enabling goal-oriented modeling for cases. However,
their implementation is quite unclear as it is recorded
only in case logs and not visualized

Discretionary Items are modeled in CMMN executable
models. However, these are not currently supported at

O O e O 0O O e e

run-time environment

that were used during modeling, in addition to how these
elements can be executed in CMMN execution engines. The
level of support is projected as follows: supported (black
dot), partly supported (gray dot), and not supported (white
dot).

Flowable fully supports CMMN notation elements, while
it provides adequate means for their execution, although
some of them are not fully supported yet, as shown in Table 3.

5.2 Implementation of perspectives

During the implementation phase, initial models should
be enriched with necessary information to ensure their exe-
cutability. In this process, the two groups were instructed
to neglect the lack of full support of specific features
of CMMN in Flowable, such as the buggy implemen-
tation of Sentries. They were prompted to concentrate
in CMMN execution features, as prescribed in the stan-
dard, and consult Flowable future improvements release
notes.

The models created were different between them; how-
ever, they were also different from their initial versions for
analysis purposes. The models for the implementation phase
are projected in Figs. 4 and 5.

@ Springer

5.2.1 Analytic perspective

The implementation model of the first modeling group, which
had modeled its design-time model with an analytic perspec-
tive, required alterations. As it is described in Table 3, data
objects could not be model during run-time. Thus, for the
execution of their model, what was required, was for the
first modeling group, the removal of data objects as CMMN
model elements. However, one could consider the exclusion
of data objects in the model, alongside with the sentries that
controlled these data objects, as the only difference between
the models shown in Figs. 2 and 4.

5.2.2 Abstractive perspective

The second modeling group, which modeled with an abstrac-
tive perspective, during the implementation phase of the EEE
exchange process modeling procedure, made changes to their
previous model. As it is shown in Fig. 5, just like for the ana-
lytic one, data objects could not be included in the model.
Thus, case file items were excluded. In addition, what also
could not be modeled during run-time was discretionary
items. For that reason, the designers of the second modeling
group decided to include all the available options for process
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Fig.4 EEE exchange case from an analytic perspective

activities during process implementation, as normal human
tasks available to the involved process actors.

5.3 Rising questions

After the presentation of their implementation models, the
two modeling groups have been interviewed. The experi-
ence of both groups was discussed, in order to identify what
they found challenging during the implementation of their
perspectives on the collaborative process, as well as how
challenging it is to use CMMN-enabled tools in order to
implement their models for the collaborative process. The
queries set to the two modeling groups are presented, along-
side with the arguments given from them. These queries
referred to: how sequence is represented, how data flow is
handled, whether there is flexibility in run-time, whether
there could be decision-, event- or goal-driven implemen-

tation for the perspectives, how case in both perspectives
could be completed and whether the implementation con-
formed with the modeling target of each perspective. The
following table (Table 4) presents a summary of the argu-
ments provided from the modeling groups.

To begin with, as far as the representation of sequence is
concerned, for the analytic perspective, despite the fact that
there were many tasks to the model, available to be imple-
mented by the case workers, the basic path to case completion
was defined in design-time. However, the slight support on
sentries made difficult the representation of sequence. On the
other hand, due to the philosophy of the abstractive perspec-
tive, sequence was scarcely implemented in the first place.
However, the main path to case completion was predefined
in design-time. The limitation, similarly to the analytic per-
spective, was the slight support of sentries.
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Considering data flow management, the first modeling
group found difficulties in representing the flow of data in
run-time. For them, the data that each task was creating /
updating should be included in the form that was created to
visualize this task. On the contrary, for the second group, the
fact that there was scarce data modeling in the design-time,
hid the inability of data modeling in run-time, as only a few
data entities should be included in forms.

Regarding the flexibility in run-time that could be pro-
vided to the case workers from each perspective, for the
analytic perspective, the model was already rigid at design-
time, leaving the impression that every task on the model
should be executed. There was no difference on run-time,
as the executable model was not including any alterations to
design philosophy. For the abstractive one, due to exclusion
of discretionary tasks, the flexibility, provided in design-time
through their extensive use, was reduced during implementa-
tion, as every discretionary task was transformed into a plain
task.

Moreover, the discussion focused on the capability of
applying different aspects and styles of implementation,

@ Springer

namely decision-, event-, and goal-based implementation.
For the analytic perspective, the slight capability of imple-
menting sentries, that were used in order to model decisions
upon the case flow, and events, tackled the implementation
of decisions nodes and actions driven-by-events in run-
time. Additionally, the philosophy of the analytic perspective
was not aligned with goal-oriented modeling, as milestones
were absent from design-time and there was no need of
implementing them. On the other hand, for the abstractive
perspective, despite the fact that there was a scarce use of
sentries in the design-time, which camouflaged the issue with
the slight capability of implementing decisions, the difficult
implementation of event listeners tackled the adoption of an
event-driven logic for the case. On the contrary, milestones
were retained in the model for the second group (Fig. 5) as
their implementation was possible even if that was recorded
only in logs.

Respecting the <>condition that could lead in case com-
pletion, that could be possible through the completion of the
exit criterion attached upon the Case Plan Item. This condi-
tion was the same on both perspectives, and despite the slight
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capability of implementing sentries, the sentry for case com-
pletion was easily implemented as it was triggered by the time
the previous task (analytic perspective) or milestone (abstrac-
tive perspective) was successfully completed or achieved.

Another point of discussion questioned the conformance
with the modeling target of each perspective. The model-
ing target of the first group was to design the EEE exchange
process in detail so as to ensure optimal implementation (see
Table 2). Their analytic perspective was implemented despite
the platform’s limitations, although it can not be considered
optimal. On the other hand, the modeling target for the sec-
ond group was to define the mandatory tasks that could lead
to the case completion (see Table 2). From the implementa-
tion model projected in Fig. 5, one could assume that it is
conformed with its modeling target.

6 Evaluation

In order to evaluate the applicability of CMMN for collab-
orative processes modeling not only in analysis but also in
the implementation phase, one should explore the following
questions [28,33]:

QI: What were the boundaries regarding CMMN on model-
ing of a collaborative process?

Q2: Could the resulting models be executable? What was the
effort needed to implement the process?

Q3: Was the support provided by CMMN-enabled platforms
sufficient or there were limitations on their use for both
the design and the implementation phase?

Q4: What kind of improvements could be proposed for
CMMN?

The procedure of process modeling ended with some
fruitful reflections regarding how the two groups created
their models. As aforementioned, they came up with mod-
els that were based upon two different perspectives, having,
according to their mentions, different modeling targets. More
specifically, the first modeling group (Fig. 2) seemed to focus
on modeling the automation of EEE exchange process, han-
dling tasks in a unified fashion, while the second (Fig. 3)
focused exactly on the opposite, namely to identify the main
tasks and make a distinction between mandatory and optional
tasks. Upon implementation, this differentiation on modeling
perspectives was retained, creating two also different models
(Figs. 4 and 5).

6.1 Models evaluation
In order to evaluate the differentiation in perspectives,

evaluation metrics for the models were reviewed. Firstly, we
decided to measure the complexity of the models, as it is
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Table5 CMMN elements weights as appear in [19]

CMMN element Weight

Case

Stage
Discretionary stage
Plan fragment
Case file item

Task

Discretionary task
Event listener
Milestone
Connector(sentry)

Entry criterion with connector

[ == T S N N N R U S

EXxit criterion with connector

Table 6 Complexity results for team 1 models per phase

Metrics Analysis Implementation
Size 102 62
Length 2 2
Complexity 92 70

Table 7 Complexity results for team 2 models per phase

Metrics Analysis Implementation
Size 56 44
Length 3 3
Complexity 67 49

described in [19], where three complexity metrics are being
introduced, namely size, length and complexity. In [19], the
size of a model is defined as the sum of the CMMN elements
that exist in a model. These elements can be a selection of
cases, stages and discretionary stages, fragments, case file
items, tasks and discretionary tasks, event listeners, mile-
stones and connectors. Length is defined as the maximum
nested depth of a CMMN model. Finally, complexity is
defined as the sum of the weights, that each element has.
Weights are defined in [19], and are projected in Table 5.
Thus, for the models that were created by the two working
groups, we measured size, length and complexity, as evalua-
tion metrics for the model complexity. For example, the size
of the model 2 is: Size=Cases+ Stages + Tasks + Case File
items +Event Listeners + Milestones + Connectors=102. As
far as the model length is concerned, we have only a case ele-
ment containing tasks, namely two levels, thus length=2. For
complexity, we sum weights of contained elements according
to Table 5 and the result equals 92. To study more easily the
measurements, we grouped them per perspective. Tables 6
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Table 8 Expressiveness results for team 1 models per phase

Patterns Analysis Implementation
Control flow 19 21
Merge and split 5 5
Advanced branching 0 1
Exit criteria 13 8
Data 15 0
User interference 7 7
Milestones 0 0

Table 9 Expressiveness results for team 2 models per phase

Patterns Analysis Implementation
Control flow 6 7
Merge and split 3 2
Advanced branching 0 0
Exit criteria 7 6
Data 0 0
User interference 2 2
Milestones 2 2

and 7 project the separate measurements for design and
implementation.

Secondly, we decided to study another evaluation metric,
Expressiveness. In [7], workflow patterns, that describe the
expressiveness of a CMMN model, are being recognized, as
metrics for evaluating CMMN models. Workflow patterns
introduced in [39] and extended [34-36] describe process
modeling requirements in an implementation independent
manner and distill the essential features of business process
modeling languages [39]. Several of the patterns introduced
in [7] were chosen for our evaluation, describing different
aspects of the models. In our case, we intended to measure
expressiveness of the models quantitatively. For that reason,
for each pattern, we have summed up how many times this
pattern could be identified in a model. The greater the sum,
the greater the expressiveness of the model. Tables 8 and 9,
present the results each group.

6.2 Observations

Comments on Complexity

1. The first working group (analytic perspective), created
an analysis model, quite large in size and quite complex
in logic (see Table 6). Due to their attempt to describe
everything that one would like to know for the case before
implementing it, a large amount of CMMN elements was
used, especially for the representation of data-task corre-
lations.

2. The model for the analytic perspective has been con-

verted to a much less complex model during the shift
from analysis to implementation. The majority of com-
plexity metrics were decreased significantly. The reason
behind this decrease lies in the exclusion of case files from
the implementation model. Data management is imple-
mented complementary to CMMN notation.

3. The second working group adopted an abstractive per-

spective to design the case. Thus, their model was much
simpler, smaller in size, less complex but with greater
depth (larger length), than the one created by the first
group (see Table 7). The main modifications during
implementation concentrated at replacing discretionary
elements with simple ones, restricting expressiveness and
consequently size and complexity of the model.

Comments on Expressiveness

1. The model created, based on the analytic perspective of
the first working group, was quite complex and had a high
level of expressiveness. As shown in Table 8, many work-
flow patterns were identified, leading to the assumption
that a complex model at least can be expressive. Besides,
that was also the modeling target of the first working

group.

2. Despite the fact that the complexity metrics for the ana-

lytic model were decreased, it retained a large amount of
its expressiveness, through patterns that could be sup-
ported during implementation, as for example control
flow patterns (see Table 8). Data patterns were elimi-
nated from the implementation model, and were deemed
useless at run-time.

3. On the contrary, the abstractive perspective model of the

second working group retained its expressiveness in the
transition from the analysis to the implementation model.
Very few patterns could be identified, mainly due to lack
of both sequence between the various tasks and data han-
dling representation.

General Observations

1. The models representing the analytic perspective were
complex, expressive, in terms of patterns, and large in size
containing information for nearly everything required for
the implementation of the case. These models were influ-
enced by the CMMN execution semantics, as some of
their key characteristics, such as data modeling, have
been limited in practice upon implementation. However,
their expressiveness was not limited, as the majority of
their data-driven flow was embedded into the control
flow. That required the representation of data objects
through the forms that each task was creating at run-
time. Namely, data were represented as prerequisites for
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tasks completion through the use of forms, as prescribed
by CMMN standard anyway.

On the other hand, the models representing the abstractive
perspective were much simpler, with slight description
of flow and not as complex as the ones of the analytic
perspective. As the analysis model did not include case
file elements, no such alteration was necessary. They
acted as if they were aware of CMMN limitations in data
management. As they included less tasks, constructing
related forms during implementation was a more complex
work, as well as related data management. However, their
main simplification was the elimination of discretionary
events. This has nothing to do with CMMN semantics,
but is related to the current features of CMMN engines.
This was a very helpful feature they had to abolish.

2. Another general observation one could make is that the
differentiation on perspectives was sustained from anal-
ysis to implementation phase, which was not an expected
outcome, a fact that was also reflected in the evaluation
stage. More specifically, despite the alterations that the
models underwent during the transition from the analy-
sis to implementation, both implementation models were
completely different as far as both complexity and expres-
siveness are concerned. At this stage, one should consider
the fact that both groups were valid as far as the use of
CMMN is concerned, at every phase of the modeling pro-
cedure. Additionally, any alterations that were made by
the working groups during implementation did not affect
neither the modeling philosophy of each group or the
nature of the case study.

6.3 Reflections on evaluation questions

In order to complete the exploration of CMMN applicabil-
ity regarding the modeling of collaborative processes, one
should attempt to answer the evaluation questions set in the
beginning of this section.

Q1: Whatwere the boundaries regarding CMMN on modeling
of a collaborative process?

Al: CMMN notation and semantics covered the modeling
requirements of both working groups in an above accept-
able level. The two different modeling perspectives were
clearly projected, representing two different modeling
targets as these are described in Table 2.

Q2: Could the resulting models be executable? What was the
effort needed to implement the process?

A2: During the implementation of their perspectives, the two
working groups had to make alterations to their initial
models due to the fact that few of the used notation,
are not yet fully supported by CMMN execution engines
(Table 3). However, despite the boundaries they came up
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with, both working groups managed to create executable
models using the available CMMN semantics provided
in [22]. Additional programming effort was needed by
both groups to implement forms and data structures dur-
ing implementation. They also had to add code to manage
entries and event implementation (see Table 4.

Q3: Was the support provided by CMMN-enabled platforms
sufficient or there were limitations on their use for both
the analysis and the implementation phase?

A3: CMMN notation support was adequate by all tools;

however, the features of CMMN execution engines as

prescribed in the standard are not fully supported yet. The
lack of effective execution support of important notation
elements, such as sentries and discretionary items, limits

CMMN applicability.

What kind of improvements could be proposed for

CMMN? For CMMN tools?

As it is shown in Table 4, the two working groups were

questioned regarding further improvement of CMMN.

Both of them, proposed improvements, with the first

working group to confirm that CMMN requires improve-

ment on semantics for case files, in order to become
useful for implementation purposes by CMMN-tools.

The second group, confirmed that CMMN is more appro-

priate for modeling flexible processes that BPMN-like

languages. However, they anticipated better support by

CMMN engines at run-time.

Q4:

A4

6.4 Discussion

Regarding the results of CMMN application, the models cre-
ated were valid in terms of language usage as no syntax
error was found. Moreover, all CMMN notation elements
were properly used and the models created covered the
modeling requirements of the project, creating two different
implementations for the EEE exchange platform’s workflow.
The aforementioned differentiation gave us the flexibility
of choosing the most appropriate implementation, accord-
ing to the project stakeholders’ and potential users’ needs.
Despite the fact that CMMN successfully covered the mod-
eling requirements of the real-world project that should be
analysed, the two working groups faced challenges when it
came to implement their models, forcing them to reconsider
their modeling perspectives. The challenges concentrated on
the weak support of new elements introduced in CMMN by
corresponding execution engines at this point in time. As the
implementation of these platform progresses, it is expected to
fully support CMMN standard in the near future. However,
vendors should have in mind that CMMN engines should
operate in a more flexible fashion than BPMN engines to
support even-driven workflow, necessary to take full advan-
tage of useful notation elements, such as Discretionary Items
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and Sentries, that provide modelers with flexibility in mod-
eling.

Regarding CMMN language, another improvement could
be the provision of more detailed semantics for data repre-
sentation, in order to enhance data-driven implementation of
collaborative processes, which was another major issue that
both working groups faced when they were asked to imple-
ment their models.

Nevertheless, the fact that, despite any boundaries, CMMN
could be used for both the analysis and the implementation
of a flexible process like EEE exchange process, is very
promising, detaching CMMN from the sequential logic of
BPMN:-like languages.

7 Conclusions and future work

There are recent works presenting the application of CMMN,
alongside with other modeling languages, like BPMN and
DMN, to model specific case studies [41]. The research that
underwent in this paper is the first that evaluates the applica-
tion of CMMN on a real-world project, based on the project
participants’ experience. What can be concluded is that we
have a new modeling language that can cover the model-
ing requirements for flexible and variable processes, such as
collaborative processes, in both their analysis and implemen-
tation phases.

In the future, what we plan to examine more thoroughly,
is the willingness to adopt CMMN, for modeling human-
centric processes, of not only familiar-with-BPMN modelers
but also of inexperienced users, considering the difficulties
of learning a new non-traditional BPMN alternative as is
mentioned in [16]. Additionally, advanced execution require-
ments for CMMN engines, implemented by CMMN-enabled
tools, should be defined, in order to support enhance data
representation and discretionary tasks upon implementation
phase. Considering that Case Management as a theory is
data-centric and decision-based, it is obvious why these two
features should be supported.
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