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Abstract — Business process models help understand the
organizational process and the software that supports it. BPMN
(Business Process Modeling and Notation) is the standard notation
for business process modeling, and it is widely accepted in
industry. BPMN models can elucidate the activities carried out by
a software during its construction and maintenance. However,
during the maintenance of the software that supports an
organizational process, usually only the source code of the
software undergoes modifications, even when inserting new
features. The software design models, including the BPMN models,
often become outdated over time and, in future maintenance, they
will not help understand the business process in which the software
is inserted and which the software aims to support. Such scenario
highlights the importance of supporting the maintenance of BPMN
models. However, what has been experimentally investigated
regarding the maintenance of BPMN models? To answer this
question, we performed a systematic mapping, which showed
experimental studies, factors and technologies that influence the
maintenance of BPMN models. These results present conclusions
about the state of the art and gaps that can be explored in this field
of research.

Keywords - Business Process Model and Notation; BPMN;
Software Maintenance; Model Maintenance; Systematic mapping.

l. INTRODUCTION

Business process modeling is an essential activity for the
success of business process management (BPM) [1]. The BPMN
(Business Process Modeling and Notation) is the standard
notation maintained by OMG [2] for business process modeling
and is widely accepted in industry [3]. Researchers and
practitioners recognize that understanding the business
processes is key to identifying the users’ needs that a software
should support [4]. Martinez et al. [5] emphasize that the focus
on software development from business processes can increase
the software's compliance with the needs of its users. BPMN
models can help in understanding the activities carried out by the
software and better support software maintenance.

Maintenance is one of the most crucial phases of the software
life cycle. It is usually divided into two steps: understanding the
software artifact and modifying the software artifact [6]. In fact,
a software artifact should be well understood before being
modified, because developers need to know what impact
modifications will have on the software and, possibly, on the
underlying business processes. In the maintenance stage, process
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models are of great relevance in understanding the software
being developed [7] or modified. Thus, it is important that they
are consistent with the current version of the software, so that it
is understood correctly.

However, during the software maintenance process, usually
only the source code is modified, even when inserting new
features. Over time, development team turnovers mean that new
members may not know the software functionalities, since they
did not participate in its design and development [8]. It is in this
scenario that software models prove to be of great value, because
developers first seek to understand the software functionalities
through the models built during its project. However, the
documentation is almost always outdated and inconsistent [9].
When the models are not maintained together with the software,
the information in these models will be inconsistent with the
current version of the software, which hinders new
professionals’ understanding and activities during software
maintenance.

As we realize the importance of supporting the maintenance
of BPMN models, it is important to know what has been
experimentally investigated on the maintenance of BPMN
models. The goal of this paper is to describe a systematic
mapping of studies related to the maintenance of BPMN models
in order to identify what has been done in the literature to support
and facilitate the maintenance of such models. The systematic
mapping revealed factors and technologies related to the context
of maintenance of BPMN models. With this work we present
conclusions about the state of the art and gaps that can be
explored in this field of research.

The remainder of this paper is organized as follows:
Section 2 presents the related works. Section 3 describes the
methodology applied to conduct the systematic mapping.
Section 4 presents the results of the mapping study. Section 5
discusses the threats to the validity of this work. Finally,
Section 6 presents the conclusions of the systematic mapping.

Il.  RELATED WORKS

In this section, we present some related works to our work.
Pourmirza et al. [10] present a systematic literature review of
Business Process Management Systems (BPMS) architectures.
BPMS are information systems that interpret business processes
to ensure that the activities specified therein are properly



executed and monitored by an organization. In this work, BPMS
architectures that served as primary studies were compared with
respect to the reference architecture that they are based on, the
level of detail at which they are described, the architectural styles
that they use, the means with which they are evaluated, and the
functionality that they support. The resulting comparison
provides an overview of and insights into the current body of
knowledge on BPMS architectures.

Valenga et al. [11] present a systematic mapping study of
business process variability approaches, which is an emergent
field in BPM with many of its proposals inspired by theories
from Software Product Line to handle process variability.
According to the authors, variability in business processes is
necessary for organizations dealing with environmental changes.
The results show that a significant number of approaches is
available, but most of them lack empirical studies.

Although these works deal with BPM, they do not exploit the
research done on the maintenance of BPMN models. Our work
investigates the maintenance of BPMN models in the literature.

Ill.  RESEARCH METHOD

A systematic mapping is a broad review of primary studies
in a specific topic area, aiming to identify what evidence is
available on the topic [12]. We followed the guidelines proposed
by Kitchenham and Charters [12]. The following subsections
detail our systematic mapping protocol.

A. Goal

We had the following goals for the systematic mapping:

- To investigate the maintenance of BPMN models and
whether the models are understandable and modifiable to allow
them to be modified while maintaining the source code.

- To gather experimental evidence on the use of BPMN
models in their maintenance or use during the maintenance of
the software source code.

B. Research Question

This mapping aimed to answer the following research
question: “What has been experimentally investigated
regarding the maintenance of BPMN models?”. In order to
answer this question, we divided the systematic mapping into
specific sub-questions about the maintenance of BPMN models
(see Table I).

TABLE I. RESEARCH SUBQUESTS

Subquestion Description of Ssubquestion
What is the state of the art in experimental studies on
SQ1 maintenance of BPMN models or source code
maintenance when using BPMN models?

Which dependent variables are investigated in the

SQ2 experimental studies?

sQ3t Which of the factors studied influence the software
maintenance capability (source code or model)?

sS4 What technologies support the maintenance of BPMN

models?

C. Search strategy

To construct the search string, we defined the search terms
based on the procedure described by Kitchenham and Charters
[12], who suggested defining the parameters for Population,
Intervention, Comparison, Result, and Context (PICOC). The
population was the specific field of research on BPMN -
Business Process Modeling and Notation; the intervention was
composed of maintenance phases or types; the result was the
types of experimental studies; comparison and context were not
applicable because our goal is to characterize what is done in
relation to the maintenance of BPMN models, so there is no
comparison to determine the context. We have identified the
terms of the research through the publication of Fernandez-Saez
et al. [6], which we used as the basis for this work. They
investigated the maintenance of UML models, so we adapted
this work by bringing it into the context of BPMN models.
Table 11 shows the terms used in the search string and the groups
of synonyms used in its construction. We used the boolean
operator OR between the alternative terms and synonyms, and
the Boolean operator AND to join the groups.

We used the search string in the Scopus?, Engineering
Village® and ACM* digital libraries. We have included the
Scopus and Engineering Village libraries because they are meta
libraries and index publications from several reputable
publishers in Software Engineering, such as ACM, IEEE,
Springer and Elsevier, and they allow defining filters by type of
document, language and area of knowledge. Although the ACM
library is indexed by Scopus, we included this library to ensure
that there were no excluded publications in the Scopus indexing
and because ACM indexes some Springer Link and Science
Direct publications as well.

TABLE II. SEARCH STRING TERMS AND SYNONYMS
Term of .
PICOC Main Term Synonyms
business process model and notation
. OR
Population BPMN business process modeling and
notation

evolution OR comprehension OR
maintainability OR evolvability OR
understandability OR modularity OR
modification OR understanding OR
reusability OR stability OR
misinterpretation OR analyzability OR
testability OR changeability OR
comprehensibility

survey OR action research OR
experiment OR case study

Intervention | Maintenance

Results

Empirical

D. Selection Criteria

The selection process comprised three steps (first filter,
second filter and process of extracting data). In the first filter,
two researchers only read the title and the abstract. They have
selected the publications applying the inclusion and exclusion
criteria (see Table IlI). The reliability of the inclusion and

L We considered as factors the results of the publications selected in the
systematic mapping that influence the maintenance of BPMN models.
2 http://www.scopus.com

8 http://www.engineeringvillage.com
4 hitp://dl.acm.org



exclusion criteria of a publication in the systematic mapping was
assessed by applying Fleiss” Kappa [13]. Fleiss” Kappa is a
statistical measure for assessing the reliability of agreement
between a fixed number of raters when classifying items.

TABLE 111 INCLUSION AND EXCLUSION CRITERIA
# Selection Criteria
Papers with experimental studies using BPMN model during
IC1 . .
the maintenance of the diagram or source code
1C2 Papers with experimental studies with BPMN models
helping in the process of understanding the software
Ic3 Papers that evaluate the comprehensibility or maintainability
of BPMN diagrams
# Exclusion Criteria

EC1 | Papers proposing BPMN extensions;

EC2 | Papers that do not report experimental studies;

Papers that mention BPMN or maintenance only as general
introductory terms in the abstract and nowhere elsg;

EC4 | Papers that are not written in English or Portuguese;

EC3

Papers unavailable for reading or data collection (paid
EC5 | publications, broken links in the search engine and not made
available by the authors after an attempt to contact);

EC6 | Duplicate papers

Initially, we asked two researchers to classify, individually,
a random sample of 20 publications to analyze the degree of
agreement in the selection process through the Fleiss’ Kappa
[13]. The selected sample was the set of the publications
returned by Scopus. The result of the degree of agreement
showed a substantial level of agreement between the two
researchers (Kappa = 0.653).

In the second filter, the researchers fully read the selected
publications, selecting them according to the same criteria used
in the first filter. After completing the selection process, we
started the process of extracting data.

We used an extraction form to standardize the data collected.
According to Fernandez et al. [6], this ensures that the same
criteria will be used, thus facilitating their classification. We
extracted the data according to each subquestion. The complete
protocol and the publications obtained in the second filter are
available in a technical report [14].

IV. RESULTS

Figure 1. depicts the publications selection process carried
out in the conduction of the systematic mapping. The search
string returned 89 publications in Scopus library, 80 in
Engineering Village, and 19 in ACM. After eliminating
duplicates, we had 88 publications in Scopus, 7 in Engineering
Village and 15 in ACM, resulting in 110 publications. During
the first filter, we rejected 81 publications that did not meet the
inclusion criteria. We read the remaining 29 publications in full
and classified them in the second filter. At that stage we selected
18 publications that proceeded to the extraction process.

Scopus,
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Village and
ACM
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Figure 1. Article selection process.
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The selected papers were published between 2008 and 2018.
There was no criterion to limit the year of publications. Figure
2. shows that most publications are recent, which leads us to
believe that the maintenance of BPMN models is a timely
research issue.

Number of Publications by Year
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Figure 2. Overview of the publications per year.

The answers we found for each research sub-question are the
following:

1) SQ1: What isthe state of the art in experimental studies
on maintenance of BPMN models or source code
maintenance when using BPMN models?

This subsection presents several items related to the state of
the art of experimental studies regarding the maintenance of
BPMN models. We present these items next:

Experimental Study Type: Figure 3. shows the number of
publications with each type of experimental study. Even when
a publication reported more than one controlled experiment,
i.e., replications of the experiment in other institutions or with
other artifacts, Figure 3. only counts it once.

Experimental Method
14
2 2
Controlled Case Study Survey
Experiment

Figure 3. Types of experimental studies reported in the publications.

Experimental studies: When counting the number of
experimental studies reported in the 18 publications, according
to each type of experiment. If one publication reported two



controlled experiments, we counted the two experiments. In
total, the 18 publications presented 39 experimental studies: 35
controlled experiments, 2 case studies, and 2 surveys.

Context: We classified the context of the studies as
laboratory, industry or online. Most publications (72.22%)
reported experiments that were conducted in a laboratory within
academic environment. Two publications (11.11%) reported
experiments carried out in industry (in companies that use
BPMN models). Three publications (16.67%) reported
experiments performed online, where a task was made available
online and the participant had a deadline to do it (e.g., a week).
We can see that the amount of experiments performed in
industry is low, which corroborates the result already obtained
in the previous section, about the need to perform experiments
in real environments.

Characterization of the participants: Most publications have
presented experimental studies conducted with undergraduate or
graduate students, which is not necessarily inappropriate, since
student skills are considered similar to the skills of novice
practitioners [15][16]. Some publications have conducted
experiments with more than one participant profile. Among the
39 experiments presented in the publications, 29 were
experiments with only students as subjects, 5 were
experiments with only professionals, 3 were experiments with
students and professionals, 1 experiment with students,
professionals and academic professionals, and 1 experiment in
which the participant was the author of the technique. In the
latter, the author applied the technique proposed by himself, to
reduce the complexity of BPMN models.

Maintenance focus object: Software maintenance tasks
usually require some modification in the source code, and
should be accompanied by modifications in the corresponding
BPMN model. We did not find experimental studies that
reported the use of BPMN models during source code
maintenance. We only found publications where the
maintenance was done only in the BPMN model, consisting
mostly of experimental studies that evaluate the
comprehensibility of BPMN models.

Treatments in experimental studies: Figure 4. shows the
different treatments used in the experimental studies. We
divided the treatments into six categories: (i) complexity of the
model, (ii) model representation, (iii) model characteristics,
(iv) type of model representation, (v) model representation
method, and (vi) characteristics of the model maintainers and
defects in the models.

We highlight the category complexity of the model with the
highest number of publications. Some publications presented
experiments with more than one type of treatment, thus the
bars add up to 22 publications. The types of treatment of each
publication are more detailed in a technical report [14].

According to the data obtained, we can conclude the
following about the state of the art of research on the
maintenance of BPMN models:

Most of the experimental studies carried out were controlled
experiments, carried out in the laboratory, with the
participation of students.

Various types of treatment were applied such as: the
complexity of the models, the form of representation, the
characteristics of the models, among others.

The focus of the maintenance was always the model itself —
not coupled with source code maintenance.

Treatment Types
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Figure 4. Types of treatment in experiments, by publication.

2) SQ2: Which dependent variables are investigated in the
experimental studies?

The dependent variables we investigated in the experimental
studies are represented in Figure 5. We identified four dependent
variables: model understanding, model modifiability, model
complexity, and model completeness (i.e., to what extent the
model represented the functionalities of a specific process). We
can see that the great majority of publications sought to evaluate
the comprehension of BPMN models (17), some publications
evaluated the modifiability (4) and complexity (4) of the models
and only one publication evaluated the completeness of the
BPMN models. Some papers investigated both the
comprehension and the modifiability or complexity of BMPN
models in the same experiment, so the bars add up to 26.

Dependent Variables Investigated

17

4 4
H B .

|

Understanding Modifiability

Figure 5. Dependent variables investigated.

Complexity Completeness

3) SQ3: Which of the factors studied influence the
software maintenance capability (source code or model)?

As we have already mentioned, we have not found
experimental studies that dealt with the maintenance of the
source code and BPMN together. This research subquestion will
therefore focus only on the model. Figure 6. shows the factors
that influence, either positively or negatively, the maintenance
of BPMN models, according to the results obtained in the
experiments of the selected publications (publications are called
PB#, such as PB1 for the first publication in the report [14]).
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Figure 6. Dependent variables per publication.

It is important to remember that the maintenance activity is
divided into two tasks [6]: artifact understanding and artifact
modification. Considering these two types of maintenance tasks,
the factors identified in the results of the experiments were
related to understanding (see Figure 6. ). The experiments that
dealt with modifying the models actually had some kind of
technology to support the modification and were therefore fitted
as a response to SQ4. Factors that did not present significant
results (if the study could not determine whether a factor
influenced or not the understanding of a BPMN model) were
omitted. We classified as positive (+) the factors that facilitate
the understanding of the model and as negative (-) the factors
that undermine the understanding of the model.

4) SQ4: What technologies support the maintenance of
BPMN models?

We divided the technologies that support the maintenance of
models according to the two types of maintenance tasks:
understanding and modification. We then evaluated whether the
proposed technology supported understanding or modifying the
model during maintenance. Figure 7. shows the technologies
identified to support the maintenance of BPMN models.

Maintenance Support Technologies

Understanding Modification

Opacity-Driven
Graphical
Highlight

(PB14)

Complexity

Evaluation
Metrics

(PB1,PB3,PB8)

FuzzQual
Framework
(PB1)

Plural Method
(PB13)

Figure 7. Technologies that support the maintenance of BPMN models

Technologies aimed at supporting the maintenance of
BPMN models that focused on understanding were as follows:

e Opacity-Driven Graphical Highlights Technique: Jost
and Hericko’s approach [17] makes business process
models less complex without changing the notation. The
technique consists of working on the opacity of the
models, highlighting only the relevant parts of the model
according to the context in which it is used.

e Plural Method: decentralized method for creating
BPMN models, in which the sources of model
construction are also participants in the process. The
method aims to involve process participants in modeling,
since they are well aware of the problem domain.

Technologies to support the maintenance of BPMN models

that focused on understanding and modification were as

follows:

e  Complexity measurement metrics: measures that may

be wuseful in forecasting different aspects of
understanding and modifying business process models in
future model maintenance. The goal is to make models
easier to understand and modify for all stakeholders.
e FuzzQual Framework: approach that evaluates
BPMN models with regard to comprehensibility and
modifiability. A framework/system built in JAVA
evaluates the model based on the complexity metrics
chosen, among several metrics that were evaluated.
Through fuzzy logic, the framework evaluates the model
with classifications of the type: "Moderately difficult to
understand with a degree of certainty of 63%",
"Moderately difficult to modify with a degree of certainty
of 100%". This framework is an implementation of the
complexity metrics to evaluate BPMN models.

V. THREATS TO VALIDITY

Although we conducted this research under a systematic
mapping methodology by defining a research protocol, some



threats to validity can be identified: (i) the researchers’ bias
regarding the analysis of the primary studies; (ii) the university’s
limited access to some scientific databases, which can prevent
some publications from being accessed; (iii) the limitation of the
scope of this research to the selected databases. These threats
were minimized by taking some actions. For the first threat, we
reviewed the review protocol and performed the Kohen’s Kappa
statistical test in order to reduce the researchers’ bias.
Additionally, another experienced researcher reviewed the
execution process. For the second threat, we had two
publications that fit that threat. We requested the authors for the
full publication whenever possible and included those that have
been made available. Regarding the third threat, although the
research was conducted in only three databases, they index
publications from a large number of well-known publishers,
journals and conferences.

VI. CONCLUSIONS

This work describes the results of the systematic mapping of
the literature that we carried out to identify what has been
experimentally investigated on the maintenance of BPMN
models. The main conclusions we have reached with the
systematic mapping can be summarized as follows:

e  Most studies were carried out in academic environments,
which is explained by the fact that they are the most
accessible environment for researchers. The difficulty to
perform research in real environments, within
industry/companies, is well known. However, there is a
need for further experiments in real environments.

e  Most studies performed are controlled experiments. This
demonstrates a need for more case studies to confirm the
results obtained in real environments.

e We have not identified studies that explored the
maintenance of BPMN models together with
maintenance of the software itself. We have also not
identified studies that investigate the impact of updated
or outdated BPMN models during software maintenance.

e The focus of the experimental studies is almost entirely
on the understanding of BPMN models. However,
understanding is only one of the tasks of maintenance,
and it is necessary to focus also on modifying the models
themselves.

e The technologies that we have found focus mostly on the
initial construction of the model and how it will be easily
understood or modified when it is necessary to use it or
modify it. The proposed technologies seek to measure in
advance whether the model created will be easy to
maintain in the future. However, it is also necessary to
create technologies that directly support the maintenance
phase of the model.

The results indicate that there is a lack of maintenance of
BPMN models, especially the maintenance of these models in
conjunction with maintenance of the software source code. In
relation to the technologies proposed, most of the research
identified focuses on understanding the models, which is the
initial task of maintenance, highlighting the need for
technologies that support the modification of BPMN models.

This shows research opportunities to be explored in this field of
research in future work.
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