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Fig. 7: Results - stakeholder types

Fig. 8: Workspace awareness levels

workspace awareness on which the authors of WebGME
may work.

7.3 Communication Support

As already discussed in Section 3, in MDSE communication
support allows stakeholders to discuss and present what
they and other stakeholders are doing on specific modelling
artifacts. Historically, software engineers have adopted a
wide range of communication tools and technologies, such
as telephone, teleconferences, email, voice mail, discussion
lists, the Web, instant messaging, voice over IP, etc. [67].
Our primary studies present a wide set of communication
tools and technologies; we classified them into built-in and
external communication tools. Built-in communication tools
are provided by a collaborative MDSE approach and are
integrated into it (e.g., models annotations in the editor,
internal chat), whereas external communication tools are
only prescribed by the collaborative MDSE approach and
do not live inside it (e.g., voice calls, emails, face-to-face
meeting).

Table 26 presents the distribution of all built-in and ex-
ternal communication tools emerging from our analysis. It is
easy to note that there is a great variability here, where we
have chat (18/48) and model annotations (13/48) as clear
winners for built-in communication means; voice (3/48),
email (2/48), and teleconference software (2/48) are the
most prescribed external communication means.
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Fig. 9: Results - Number of built-in and external communi-
cation tools

TABLE 26: Communication tools

Built-in comm.
tools

#Studies Studies Conversation-
based (subset)

Chat 18 P7, P9, P10,
P11, P16, P18,
P22, P24, P25,
P26, P27, P29,
P32, P34, P39,
P40, P43, P44

P7, P9, P10,
P11, P16, P18,
P22, P24, P25,
P26, P27, P29,
P32, P34, P39,
P40, P43, P44

Annotations 13 P3, P6, P7, P8,
P12, P18, P20,
P21, P26, P27,
P30, P31, P40

-

Comments 8 P6, P8, P12,
P20, P21, P27,
P30, P45

P6, P8, P12,
P20, P21, P45

Change propos-
als

7 P21, P22, P30,
P33, P39, P40,
P48

-

Voting system 6 P22, P30, P39,
P40, P45, P48

-

Tags 1 P6 -
Model reviews 1 P8 -
Calls for atten-
tion

1 P9 -

Sticky notes in
the editor

1 P9 P9

Audio messaging 1 P25 P25
Editing conflicts
table

1 P27 P27

Feedback 1 P38 -
Dedicated forum 1 P45 P45
External comm.
tool

#Studies Studies Conversation-
based (subset)

Voice 3 P2, P28, P30 P2, P28, P30
Email 2 P20, P47 P47
Teleconference
software

2 P28, P30 P28, P30

External chat 1 P47 P47
Face-to-face
meetings

1 P48 -

Hand gestures 1 P2 P2
Wiki 1 P20 -
Hyperlinks 1 P3 -
Multimedia
annotations

1 P33 -

By looking at the obtained numbers, it is evident that
there is a certain unbalance with respect to the number of
built-in and external communication tools; indeed, as shown
in Figure 9, there is a strong predominance of built-in com-
munication tools with respect to external ones. Interestingly,
we found out also that 15 out of 48 primary studies do not
provide any clear indication about how communication is
supported by the proposed approach, unveiling a potential
gap in how state-of-the-art approaches support the three
dimensions of collaborative MDSE. Moreover, 11 studies
provide only one (built-in) communication tool, followed by
14 studies providing more than one built-in communication
tool (e.g., the approach presented in P39 supports an in-
ternal chat system, an engine for making change proposals
in the models, and a voting system for those proposals).
Finally, there are few studies in which external communi-
cation tools are prescribed; in this context we can observe
that 3 studies propose a combined use of two external
communication tools (P2, P28, P47), 2 studies support the
use of one built-in and one external communication tool
(P3 and P33), and other 3 studies support and prescribe
other different combinations of communication tools (P20,
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P30, and P48). None of the considered studies propose
the use of more than 4 built-in and more than 2 external
communication-tools.

We also analyzed our primary studies in terms of sup-
port for conversation-based communication. In this context,
the idea is that stakeholders may need to communicate
with each other with a question-and-answer interaction
style, where communication contents about some modelling
artifact can be organized hierarchically and linked to other
communication contents (e.g., a comment in a model can be
marked as a reply to another comment). In the last column
of Table 26 we report the studies providing conversation-
based communication.

TABLE 27: Types of supported tracing links

Traceability link type #Studies Studies
Annotations on model
elements

14 P3, P6, P7, P8, P12, P18,
P20, P21, P26, P27, P30,
P31, P33, P40

Links to model ele-
ments in chat text

6 P9, P11, P26, P39, P40, P44

Comments on model ele-
ments

4 P8, P12, P20, P21

Change proposals linked
to model elements

3 P21, P22, P48

Voting system for change
proposals linked to
model elements

2 P22, P48

Links to model ele-
ments in the Wiki text

1 P20

Sticky notes on model el-
ements

1 P9

Hyperlinks to model el-
ements in unstructured
textual documents

1 P3

Links to model ele-
ments in multimedia an-
notations

1 P33

Feedback system linked
to model elements

1 P38

What distinguishes collaboration in MDSE within soft-
ware engineering is that collaboration in MDSE is artifact-
based; indeed, the focus of MDSE activities is on the produc-
tion of new models, the creation of shared meaning around
the models, and elimination of error and ambiguity within
the models [67]. Under this perspective, it is fundamental
to have traceability links to the models in order to keep a
structured link between the design decisions discussed in
communication-oriented contents (e.g., the text of a chat or
the page of a Wiki) and modeling artifacts (e.g., a model or a
specific model element). In Table 27 we present the primary
studies providing those tracing links.

Characteristics of communication means (RQ1.3)
The vast majority of the primary studies are in-

tended to support the collaboration among technical
stakeholders, with a unique approach designed for
non-technical ones. Many are the tools for workspace
awareness (being real-time updates and notification
systems the most frequent). Still, the awareness level
in most of the studies is low. Communication tools and
technologies, classified into built-in and external, are
diverse, with chat and annotations being the most used

ones (in the built-in category). Conversation-based com-
munication is quite frequently used, especially through
chat and comments. Traceability links are frequently
kept through annotations or links to model elements
in chat text.

8 CHALLENGES AND SHORTCOMINGS (RQ2)
In this section we focus on the challenges that researchers
are facing and have identified either as actual limitations
of their approaches or future enhancements that will be
considered in the future. In this context, the main objective is
to answer research question RQ2, that is, to identify current
limitations and challenges with respect to the state of the art
in collaborative MDSE. In order to achieve this goal, for each
primary study we collected all the information provided by
its authors regarding (i) identified limitations of the pro-
posed approach, (ii) identified challenges that have not been
solved in the current form of the proposed approach, and
(iii) discussed directions for future work. Such information
has been extracted by (i) making a thorough reading of the
full text of each primary study, and (ii) applying the open
card sorting technique [58], similarly to what has been done
for building the classification framework in the context of
RQ1. After the application of the card sorting technique
we noticed that the identified clusters of limitations and
shortcomings could have been further grouped into two
main groups:

• Limitations and shortcomings related to aspects of
the C-MDSE taxonomy17 (see Table 28);

• Limitations and shortcomings focussing on qualita-
tive aspects of the presented approaches, such as
their usability, performance and scalability (see Ta-
ble 29).

Table 28 provides an overview of the limitations and
shortcomings which have been mentioned more than once
among our primary studies. By looking at the table it is
evident that the most relevant challenge with respect to
collaborative MDSE is conflicts management; indeed, even
if in the recent years some approaches for managing this
aspect of collaborative modeling have been proposed (e.g.,
P46, P47), 15 studies over 48 still mention conflict manage-
ment either as a limitation or as an aspect to improve in the
future. Model synchronization and propagation of changes
across models edited within the collaborating team are also
mentioned as relevant challenges (9 studies over 48).

As shown in the table, many other limitations and chal-
lenges have been identified in the primary studies, ranging
from improving the support for the collaboration workflow
of the team (4 studies), interoperability with external mod-
eling, analysis, or simulation tools (2 studies), and so on.
Finally, in 11 cases the authors mentioned approach-specific

17. Concepts of the classification framework are referred in the third
column by means of a dot notation. For instance, with Collabora-
tion.ConflictDetection.ConflictResolution we refer to the concept Conflic-
tResolution contained in the ConflictDetection entity belonging to the
Collaboration dimension as shown in Fig. 5
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TABLE 28: Identified limitations and shortcomings according to the C-MDSE taxonomy

Limitations and shortcomings #Studies Studies Related concepts of the classification framework
Conflicts management 15 P1, P5, P6, P11, P13, P16,

P17, P22, P23, P24, P28,
P29, P42, P43, P48

Collaboration.ConflictDetection.ConflictResolution

Model synchronization and change
propagation

9 P4, P8, P11, P19, P21, P29,
P38, P43, P46

Collaboration.VersioningSupport.ModelMerging

Constraints specification, enforcing,
and conformance checks

5 P11, P13, P33, P42, P46 ModelManagement.Editor.validationSupport

Support for collaboration workflows and
integration with development process

4 P19, P21, P33, P39 Collaboration.SharedWorkspace.prescribed workflow

Tool improvement 4 P9, P12, P28, P40 Communication.WorkspaceAwareness.AwarenessTool,
ModelManagement.Editor

Support for versioning and models
editing history

3 P10, P11, P48 Collaboration.VersioningSupport

Support for combined asynchronous
and synchronous collaboration

2 P16, P37 Collaboration.collaboration type

Independence from any specific model-
ing language

2 P6, P42 ModelManagement.ModelingLanguage

Interoperability with external tools 2 P9, P12 ModelManagement.Editor.ConcreteSyntaxType
Better coverage of modeling languages
concepts

2 P10, P36 ModelManagement.ModelingLanguage.LanguageCu-
stomizationMean

Support for audio communication 2 P31, P44 Communication.CommunicationSupport

limitations and challenges, e.g., the definition and application
of transformations between models across different abstraction
levels (P19), the fact that the technology for deploying software
tools over the web is still immature (P3), or the need to manage
the logs in a systematic manner (P26).

As shown in Table 29, from a qualitative perspective
we identified three recurrent areas of improvement for C-
MDSE approaches. Specifically, usability has been mentioned
in 7 primary studies over 48, followed by performance (3/48)
and scalability (3/48) improvement. In conclusion, from the
extracted data we can observe that identified limitations and
shortcomings are quite fragmented, where each research
group is focusing on specific sub-problems related to col-
laboration in MDSE (this is also evident from the paper
fragments reported in Table 29). Nevertheless, the points
discussed above can be seen as an indication of the specific
areas within collaborative MDSE that will likely receive
scientific interest in the future; so, future researchers on
collaborative MDSE can use them as a compass towards
making an impact in this specific research domain.

Challenges and Shortcomings (RQ2)
Limitations and shortcomings are varied. Conflicts

management, while addressed in some papers, is still
frequently considered to be a limitation or to re-
quire some improvement. Model synchronization with
change propagation is also mentioned as relevant chal-
lenge. From a qualitative perspective, usability, perfor-
mance and scalability are the most mentioned areas of
improvement for future C-MDSE approaches.

9 PUBLICATION TRENDS (RQ3)
In this section we present the publication trends on collab-
orative MDSE approaches. In order to provide a complete
picture about the number and types of publications on the
topic, in this section we consider all the selected publica-
tions, independently of the clustering step we performed

during the search and selection phase (see Section 4.2.2).
More specifically, for answering RQ3 we considered a total
of 106 publications, including both the 78 publications that
we selected before the clustering step and the 28 publi-
cations resulting from the snowballing activity. For each
primary study we extracted publication year, publication
venue, and publication type. In the following we discuss
the obtained results.

Figure 10 presents the distribution of the publications on
collaborative MDSE approaches18. From the collected data,
we can observe that relatively few studies were published
until 2003, whereas we can notice a growth of the number of
publications starting from 2004. More precisely, the average
number of publications between 1996 and 2003 is less than
1 study per year, whereas it reached a value of 8.33 publi-
cations per year in the period between 2004 and 2015 . This
result confirms the scientific interest and need of research
on collaborative MDSE approaches in the last years.

The first publication on collaborative MDSE was
published in 1996 (P12), where the authors presented
MetaEdit+. The key features of MetaEdit+ as collaborative
MDSE approach are: (i) the support of high-level specifica-
tion languages (i.e., what we could call a domain-specific
language today), (ii) an open architecture in which the
models repository is agnostic of the used tools and provides
dedicated APIs to tool providers, (iii) a set of mechanisms
for concurrent access of repository data via different tools
and by different types of users, (iv) the support for different
alternative views of the same models, such as matrices,
tables, etc. As a comparison to a modern approach for
collaborative MDSE we refer the reader to our discussion
of WebGME in Section 3.

We classified analyzed research studies in order to assess
their distribution by (i) type of publication (i.e., journal,
conference, or workshop paper) and (ii) targeted publication
venues.

Figure 11 shows the publication types of the analyzed

18. Our search process covers the research studies published until
January 2016, thus potentially partial data for 2015.
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TABLE 29: Identified limitations and shortcomings (qualitative aspects)

Qualitative aspects of
C-MDSE

#Studies Studies Examples (paper fragments)

Usability 7 P4, P24, P31,
P39, P44, P45,
P47

N . . . evaluation techniques of the so called groupware usability to test the suitability
of AMEs with real stakeholders . . . Remote collaboration and inclusion of visualization
techniques for better interaction. (P4)
N Operation undo has not been taken into account for the moment. It requires further study
and efforts. (P24)
N Students reported that the tool usability could be improved, so as to allow analysts to better
follow the dynamics of interviews. Some students, for instance, decided to use different tools
for documenting the interview, due to their difficulties in using NetSketcher accordingly
. . . and the use of ”drag and drop” for choosing and placing process elements into the drawing
space. (P31)
N . . . the development of more complex editors is not one of our priorities, although we
consider it to be one of our objectives for the improvement of the method. (P39)
N . . . we plan to extend our prototype with additional features to increase the usability of
the tool. An example would be the integration of speech. This would complement the chat
window with a convenient way of communicating with other participants and approaches a
face-to-face interaction. (P44)
N We will also improve the usability of the tool, thanks to the execution of further case
studies and experiments. (P45)
N . . . exploring different ways of delivering feedback to architects, the effect of variations in
the immediacy with which feedback is delivered. (P47)

Performance improve-
ment

3 P31, P42, P43 N Students suggested ideas for improving NetSketcher, such as: improvements in gesture
recognition for process elements - it seems that it needs to be faster in order to allow them to
follow the interview speed (P31)
N limitations of the Odyssey-SCM current release regards configuration constraints, partial
check-outs, and workspace caching (P42)
N If larger amounts of data were to be transmitted, or a large number of clients were to be
connected it would be necessary to reconsider . . . A major reason for choosing the current
strategy is, however, the simplicity and flexibility of decentralization (P43)

Scalability improvement 3 P12, P42, P43 N First, it does not address the need for multiple distributed repositories which is typical for
large scale software development. Second, its concurrency management strategies can be too
demanding for large scale software repositories. (P12)
N Currently, the server layer is centralized. The adoption of a distributed server layer, is left
for future work. (P42)
N A major reason for choosing the current strategy is, however, the simplicity and flexibility
of decentralization (P43)

primary studies over the years 19. The most common pub-
lication type is conference with 62 (65.72%) studies over
106, followed by workshop papers with 27 (28.62%) studies,
and finally journal papers with only 17 (18.02%) studies.
Such a high number of conference and workshop papers
may indicate that this topic is still a young research theme,
despite some studies have been already published in the
nineties.

Table 30 shows the publication venues that hosted more
than two publications (the last row of the table is an
aggregate of all the publication venues with two or less
publications). From these data we can notice that research
on collaborative MDSE is spread across a large number of
venues (76 venues for 106 publications) spanning different
research areas like (global) software engineering, MDSE,
system engineering, business informatics, programming
languages. We can elaborate this finding as an indication
that collaborative MDSE is perceived today as orthogonal
with respect to many other research areas, rather than a
specific research topic. Nevertheless, the organization of
scientific events (e.g., conferences or workshops) fully ded-
icated to collaborative MDSE may help in giving a clearly
defined identity of the research community working on this
topic. The first step towards this change is the international
workshop on Collaborative Modelling in MDE (COMMit-

19. See previous footnote.

TABLE 30: Publication venues with more than one publica-
tion on collaborative MDSE

Publication venue Type #Publications
ACM/IEEE international confer-
ence on Model Driven Engineering
Languages and Systems (MODELS)

Conference 5

International Conference on Global
Software Engineering (ICGSE)

Conference 5

Comparison and Versioning of Soft-
ware Models (CVSM)

Workshop 5

International Conference on Soft-
ware Engineering (ICSE)

Conference 4

ACM Symposium on Applied Com-
puting (SAC)

Conference 4

ACM Conference on Computer-
Supported Cooperative Work and
Social Computing (CSCW)

Conference 4

International Conference on Com-
putational Science (ICSS)

Conference 4

Hawaii International Conference on
System Sciences (HICSS)

Conference 3

Others - 72
TOTAL - 106

MDE 2016)20, at its second edition and co-located with
the ACM/IEEE international conference on Model Driven
Engineering Languages and Systems (MODELS), the most
known forum in the MDSE community.

20. Web: http://cs.gssi.it/commitmde2016/; Proceedings of the first
edition: http://ceur-ws.org/Vol-1717/
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Fig. 11: Distribution of primary studies by type of publication

Publication trends (RQ3)
The first primary paper on collaborative MDSE

dates back to 1996. While the number of studies pub-
lished in the 1996-2003 time frame has been quite lim-
ited, a growth can be noticed from 2004 onwards. Most
of the papers have been published in conferences and
workshops, across a large number of different venues.

10 ORTHOGONAL FINDINGS

This section reports the results orthogonal to the vertical
analysis presented in the previous sections. For the purpose
of this section, we cross-tabulated and grouped the data, we
made comparisons between pairs of concepts of our classi-
fication framework, and identified perspectives of interest.
Collaboration types VS versioning. As previously ex-
plained, the majority (22/28) of approaches supporting
synchronous collaboration do not provide any means for model
versioning. This result is surprising since users of those
approaches collaborate in real-time on models, but they do
not have any information about how the models evolved
throughout their life span, they cannot perform rollback
operations to past versions of the models, they do not
have a vision about who worked on the models in the
past, etc. Such operations play a key role when collabo-
ratively working on source code development by means
of versioning systems like SVN and Git. In other settings,
real-time collaboration is endowed with versioning facili-
ties. For instance, Google Docs permits different users to
collaboratively work on the same document, and gives the

possibility to revert textual changes, to keep track of the
modifications done on the text, and each user is aware of
the editing operations done by the other contributors. Thus,
we can reasonably expect that synchronous collaboration
and model versioning will play together a similar role in
collaborative MDSE approaches as well.

The situation about approaches with asynchronous col-
laboration is more stable, with the majority (18/24) of
approaches supporting some kind of model versioning,
though it is quite widespread with 7 approaches pro-
viding an ad-hoc versioning system, 5 providing model-
level versioning, 4 reusing a generic text-based one, and 2
building on a wiki-based versioning system. Nevertheless,
6 approaches do not provide any versioning support; in
those cases the approach internally manages and stores past
versions of the models (mainly for merging and conflict de-
tection), but they are not explicitly exposed to the modeler.
Collaboration types VS conflict management. It emerged
that conflicts are managed in a very variegated manner in
approaches with synchronous collaboration. More specifically,
9 approaches do not directly manage conflicts (e.g., the
order of edit operations over time is used as driver for con-
flict management), 9 approaches avoid conflicts on models
by design (e.g., locking mechanisms on the fragments of
models being edited), 9 approaches provide explicit conflict
detection mechanisms (e.g., via 3-way merging). In any case,
complementing synchronous collaboration with real-time
communication mechanisms will surely help in terms of
conflict avoidance, mitigation, and resolution.

For what concerns approaches with asynchronous col-
laboration, the majority (21/24) manages conflicts with ded-
icated engines, whereas the remaining approaches (3/24)
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have mechanisms for conflicts avoidance.
Collaboration types VS communication. Chat is the
clear winner in approaches with synchronous collaboration
(14/27), where in some cases it has been complemented with
other communication means such as model element annota-
tions (6/27), change proposals (2/27), comments on models
(1/27), etc. Approaches with asynchronous collaboration are
far more widespread in terms of communication means, no
clear trend can be identified here.
Collaboration types VS shared workspace. Collaborative
MDSE surely helps for geographically distributed teams,
but also teams working in the same place. In this case we
assess which collaboration type has been more investigated
by researchers, depending on whether the targeted stake-
holders are geographically distributed or not. We found
a striking balance when cross-checking those two aspects
of collaboration, with asynchronous and synchronous col-
laboration similarly tailored for geographically-distributed
(22/27 vs 18/24, respectively), localized teams (2/27 vs 2/24
cases, respectively), and mixed teams (1 case each).
Multi-view VS modeling editors. We cross-checked the
support for multi-view modeling with the types of modeling
editors. It emerged that multi-view modeling is not correlated
with specific types of editors (e.g., graphical, textual, etc.).
However, we noticed that the majority of approaches sup-
porting external third-party editors (5/6) supports only single-
view modeling. This finding can be seen as an indication of
future research in which multi-view modeling and third-
party editors can be integrated in order to let users benefit
from (re-)using familiar modeling editors when doing multi-
view modeling. As of today, the only approach supporting
multi-view modeling with third-party editors is P46, where
MagicDraw21 and Eclipse are used as external editors via
dedicated model adapters.
Multi-view VS UML. The majority of UML-based approaches
(17/22) do not provide any means for supporting multi-view
collaborative modeling; i.e., those approaches support only
to edit one UML diagram at a time. This result is quite
interesting since UML is intrinsically a multi-view modeling
language, where multiple diagrams can be instantiated from
a single UML model. It does not come as a surprise that the
remaining 5 approaches (namely, P20, P21, P35, P36, P46)
are based on projectional views.
Multi-view VS workspace awareness. In our vertical anal-
ysis we highlighted that only 11 primary studies over 48
score high in terms of workspace awareness. Interestingly,
the majority of them (10/11) are single-view approaches.
We can interpret this result as an indication that so far
researchers have focused their efforts on the simplest case,
where stakeholders collaborate on the same models and
concepts. The only exception to this trend is P41, where
real-time model updates, user selection highlighting, active
users, and their actions with personalized colors are all inte-
grated within a meta-tool for (synthetically linked) domain-
specific modeling languages.
Modeling editors VS stakeholder types. The underlying
rationale behind cross-checking the proposed modeling ed-
itors and stakeholder types is to identify which modeling
editors researchers perceive as more suitable for technical or

21. http://www.nomagic.com/products/magicdraw.html

non-technical stakeholders. In the following we categorize
our observations with respect to the types of involved
stakeholders:

• Technical and non-technical stakeholders. Interestingly,
in almost all approaches in which these two types of
stakeholders collaborate (5/6), the graphical editor
is the only means for manipulating models (the
only exception is P45, where the graphical editor
is complemented by a textual one). This decision
may be rooted into usability and understandability
aspects of the editors for non-technical users. This
reflection unveils an interesting gap in current re-
search on collaborative MDSE: since it is well known
that graphical editors are not really suitable for large
or complex models [68], as of today collaborative
MDSE approaches allow technical and non-technical
stakeholders to collaborate only on small-scale sim-
ple models; given that the trend of having larger and
larger models is evident [68], future collaborative
MDSE approaches shall provide efficient and elegant
solutions to this limitation.

• Technical stakeholders only. Across the 41 approaches
for technical stakeholders only we can see a wide
spreading of many combinations of modeling edi-
tors, with a clear prevalence of graphical, tree-based,
and textual editors. An interesting perspective is
given by the fact that external third-party editors
are used only by technical stakeholders. This fact
can be due to the need of technical stakeholders to
actually perform operations on the models for which
specific tools are strictly needed (e.g., analysis, code
generation, etc.).

• Non-technical stakeholders only. The only approach
dedicated to non-technical stakeholders only is
FlexiSketch (P2), which is the only approach provid-
ing a sketch-based modeling editor (complemented
with a graphical one). Proposed in 2015, FlexiSketch
can be seen as one of the first attempts in achieving
fast and flexible editing with non-technical stake-
holders, together with a sketch recognition algorithm
and collaborative features (they use the whiteboard
metaphor). This line of research may play a relevant
role in the future of collaborative MDSE in terms of
a better involvement of non-technical stakeholders
into MDSE and model-based development in gen-
eral.

11 DISCUSSION

The body of knowledge of this work relies on a total of
106 selected papers, clustered into 48 primary studies (as
discussed in Section 4.2.2). Each paper has been selected
according to our definition of collaborative MDSE; more
specifically, each selected paper is a scientific peer-reviewed
article where multiple stakeholders manage, collaborate,
and are aware of each others’ work on a set of shared mod-
els, and covers the three dimensions of model management,
collaboration, and communication.

Our study reveals that some of the different taxonomy
elements are more rarely covered with respect to others.
Specifically, multi-views, validation support, reuse support, and
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branching are individually covered by no more than one
third of the papers. Let us clarify that this result by no
means implies that there is limited literature or support on
collaborative multi-views management, validation support,
etc. For example, multi-view modeling and management is
becoming prominent in software engineering, both in the
domain of software architecture description (e.g., [69]) and
in model-driven engineering (e.g., [70]). Instead, this means
that among all the selected papers (covering at the same
time model management, collaboration, and communica-
tion elements), those four elements of the taxonomy have
a more limited application.

We also noticed that different primary studies focus
differently on individual dimensions of collaborative MDSE.
The Model Management dimension is strongly covered by
papers P35 (supporting 11 over 12 aspects of management),
and P12, P13, P14, P21, P41, and P46 (covering 10 aspects).
On the opposite, P23, P24, P31, and P44 support only six as-
pects of model management. Collaboration is totally covered
by P8, P21, and P33 (with 12 over 12 aspects covered), while
minimally covered by P4, P7, and P27 (covering only aspects
of collaboration). Communication is extensively supported by
P6, P20, P44, and P48 (with 8/10 aspects covered), while a
limited support is provided by P5, P13, P15, P23, P35, P36,
P37, P41, P42, and P46 (with 3/10 aspects covered). This
reflects the fact that, while all our primary studies cover (by
definition) the three dimensions, their primary focus is still
on one specific dimension, rather than on all of them. Our
interpretation of this phenomenon is that scientific publi-
cations, in order to make a contribution, preferably focus
on a specific aspect or dimension, rather than presenting
a broad and complete approach with respect to all the
three dimensions. This trend may be different in practice,
where collaborative MDSE tools might instead cover many
dimensions at once. We will analyze, as part of our future
work, how commercial tools match with our taxonomy and
dimensions.

What our study reveals is also that many of the analyzed
approaches (20 primary studies) are built specifically for
the UML, and support the collaborative work on more than
one UML model (11 studies). Metamodel-level collaborative
work is supported by four studies (P2, P11, P13, and P33 in
Tab. 5). UML is by far the most known modeling language
in MDSE, so, it comes with no surprise that most of the
approaches focus on collaborative aspects of UML. Still,
seven approaches focus on other languages (such as BPMN).
This can be interpreted as, a more limited in scope, but still
relevant interest into collaborative MDSE outside the UML.
As reported before, while this figure is representative of the
state of the art in collaborative MDSE research, it does not
represent in any way the state of the practice (e.g., industrial
modeling tools) that will be investigated in future work.

Another result, to be further evaluated through a state
of the practice analysis, is that only four studies support
the interplay between synchronous and asynchronous col-
laboration mechanisms (see Table 14): P22 supports an
asynchronous editing with a synchronous conflict resolu-
tion, while P23, P28, and P41 support both asynchronous
and synchronous mechanisms with partial locking of the
whole model. Again, this does not signify that there is
limited interest on the combination of synchronous and

asynchronous mechanisms. Still, academic papers covering
the three collaborative MDSE dimensions have little focus
on this aspect.

12 THREATS TO VALIDITY

In 2015 Petersen et al. proposed an up-to-date set of guide-
lines for conducting systematic mapping studies in software
engineering [20]. In that paper the authors also proposed a
check-list for objectively assessing the quality rating for sys-
tematic mapping studies. According to the metrics defined
in Petersen’s quality checklist, we achieved an outstanding
score of 61.5%, defined as the ratio of the number of actions
taken in comparison to the total number of actions reported
in the quality checklist. The quality score of our study is far
beyond the scores obtained by existing systematic mapping
studies in the literature, which have a distribution with a
median of 33% and 48% as absolute maximum value [20].
We achieved such a high level of quality by (i) carefully
designing our study in advance, (ii) formalizing such a
study design into a research protocol which was subject
to external reviews by independent researchers, (iii) by
conducting our study by carefully following well-accepted
and updated guidelines of systematic mapping studies [20],
[21], and (iv) by assessing, validating, and discussing the
results and potential threats in each phase of the study. In
the following we detail the main threats to validity of our
study and how we mitigated them.
External validity. It refers to the generalizability of obtained
results and findings [49]. In our study, the most severe
threat related to external validity may consist of having
a set of primary studies that is not representative of the
whole research on collaborative MDSE. We mitigated this
potential threat by following a search strategy including
both automatic search and backward-forward snowballing
of selected studies. Moreover, defining, iteratively refining
and piloting, and validating a set of well-defined inclusion
and exclusion criteria contributed to reinforce the external
validity of our study. Another potential threat could have
been the consideration of studies published in the English
language only. However, the English language is the most
widely used language for scientific papers, so this threat
can be reasonably considered as minimal. Along the same
lines, gray literature (e.g., white papers, non-reviewed pub-
lications or books, etc.) is not included in our research; this
potential threat is intrinsic to our study design since we
want to focus exclusively on the state of the art presented
in high-quality scientific studies. A further threat to external
validity can be associated by the fact that, while including
academic papers, we did not include tools and industrial
research con collaborative MDSE. This potential threat is
mitigated by avoiding to provide any conclusion that may
be biased by the scientific nature of this study, and by
planning a future work devoted to collaborative MDSE tools
analysis.
Internal validity. It refers to the level of influence that
extraneous variables may have on the design of the study.
We mitigated this potential threat to validity by (i) rigor-
ously defining and validating the protocol of our study,
and (ii) defining our classification framework by carefully
following the keywording process (see Section 4.3), which
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has been also validated using the pilot studies. Regarding
the validity of the synthesis of collected data, when doing
both the vertical and horizontal analysis we employed well-
assessed descriptive statistics, so the threats were minimal.
Furthermore, during the horizontal analysis we also cross-
analyzed the values of different concepts and attributes of
the classification framework in order to make a sanity test
of the extracted data. This analysis helped us in identifying
and fixing some minimal issues about the consistency of the
extracted data.
Construct validity. It concerns the validity of extracted data
with respect to the research questions. In the context of
mapping studies it mainly deals with the selection of the
primary studies with respect to how they really represent
the population in light of the research questions. We miti-
gated this potential source of threats in different ways. More
specifically, the automatic search has been performed on
multiple electronic databases to avoid potential biases due
to publishers’ policies and business concerns. Also, we are
reasonably confident about the construction of the search
string used in our automatic search since the terms used
were extracted from the research questions and refined by
analyzing the set of pilot studies. Moreover, the automatic
search is complemented by the snowballing activity, thus
making us reasonably confident about our search strategy.
After having collected all relevant studies from the auto-
matic search, we rigorously screened them according to
well-documented inclusion and exclusion criteria (see Sec-
tion 4.2.2). Also, in order to assess the quality of the selection
process, both principle and secondary researchers assessed
a random sample of studies, and inter-researcher agree-
ment has been statistically measured, obtained a promising
Cohen-Kappa coefficient of 0.89.
Conclusion validity. It concerns the relationship between
the extracted data and the obtained results. We mitigated
potential threats to conclusion validity by applying well-
accepted systematic methods and processes throughout our
study and we documented all of them in our research proto-
col, so that this study can be replicated by other researchers
interested in collaborative MDSE. Moreover, we are aware
that other researchers may identify concepts and attributes
different from the ones in our classification framework. We
mitigated this potential threat by (i) letting the concepts and
attributes emerge from the pilot studies and refining them
throughout the data extraction activity, (ii) performing an
external evaluation by independent researchers who were
not involved in our research, and (iii) having the data extrac-
tion process conducted by two researchers. We also avoided
to discuss results that may not be directly related to the
extracted data. We therefore avoided to include any finding
that, since solely extracted from research papers, may be not
representative of the collaborative MDSE community.

13 CONCLUSIONS

Collaborative MDSE consists of methods or techniques in
which multiple stakeholders manage, collaborate, and are aware
of each others’ work on a set of shared models. A collaborative
MDSE approach is composed of 3+1 main complementary
dimensions. Models are the central pillar, representing the

artifact to be managed, communicated, and used for collab-
oration purposes. The model management dimension includes
the editing, multi-view, and tool support components. The
collaboration dimension brings with it versioning, branching,
merging and conflict management facilities. The communica-
tion dimension takes into account stakeholders, awareness,
and communication support.

In this study we present a systematic mapping study
with the goal of identifying, classifying, and understanding
existing collaborative MDSE approaches. Starting from over
3,000 potentially relevant studies, we applied a rigorous
selection procedure resulting in 48 primary studies along
a time span of nineteen years. Moreover, we rigorously
defined a classification framework with the target of ex-
tracting from each primary study information pertaining to
publication trends, characteristics, and challenges faced by
researchers over the years.

After analyzing and thoroughly discussing the extracted
data we obtained the following results: (i) there is a growing
scientific interest on collaborative MDSE in the last years,
with the majority of studies published in a (very heteroge-
nous set of) conferences and workshops; (ii) while they are
becoming prominent in model-driven software engineering,
multi-view modeling, models validation, reuse, and branch-
ing are more rarely covered with respect to other aspects
about collaborative MDSE; (iii) different primary studies
focus differently on individual dimensions of collaborative
MDSE (i.e., model management, collaboration, and com-
munication); (iv) most approaches are metamodel-specific
(i.e., they do not support ad-hoc user-defined DSMLs),
with a prominence of UML-based approaches; (v) while
a number of approaches focus on either synchronous or
asynchronous communication means, only 4 support the
interplay between them. As already mentioned in Section
11, those results while thoroughly representing the state of
the research in collaborative MDSE (compatibly with our
definition and protocol), do not reflect industrial practices
or tools.

In addition to the previously described results we also
obtained a number of interesting insights for each research
question of our study, they are reported in dedicated sum-
mary boxes in Sections 5, 6, 7, 8, 9. Also, we identified
perspectives of interest crossing different dimensions and
aspects of collaborative MDSE, they are reported in Section
10.

What is next? If on the one hand our analysis of collab-
orative MDSE approaches has revealed a growing scientific
interest in the topic over the years, on the other hand the
time is ripe for investigating on the real needs that MDSE
practitioners experience while collaborating on modeling
artifacts. In this study we reported on the lack or limited
presence of certain collaboration features, still, we could not
report on the impact due to those limitations. Such analysis
will help to better shape the modeling tools of tomorrow,
and their core features.

While introducing this paper, we briefly reported on
existing (industrial) tools supporting collaborative MDSE.
A matching of existing tools to our classification framework
would reveal how existing MDSE tools support the identi-
fied collaboration dimensions as well as their maturity and
adoption. Existing tools can then be mapped to the practi-
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tioners needs, so to provide a clear view on collaboration
via modeling technologies.

What we consider to be in our personal wish list is
the realization of a collaborative modeling framework that,
while being able to host modeling artifacts such as models,
metamodels, transformations, and megamodels, may pro-
vide a layer of services for the collaborative management of
those artifacts. The first step towards this direction consists
in defining a set of collaboration links among modeling ar-
tifacts supporting the propagation of changes among them.

To conclude: software production is more and more
subject to globalization, with teams required to work dis-
tributed and with fast pace, and with stakeholders com-
ing with different potentially conflicting concerns. Those
needs impose higher degree of automation, collaboration
awareness, and distributed and fast decision making. We
expect that whatever a model will look like in the next few
years, being them specifying a cyber-physical space, an IoT
architecture, or the collaboration of smart objects in a smart
city, potentially they will be managed collaboratively. Each
stakeholder will come with its own model kind, specialized
to certain analysis or code generation. She will be able to
search for a model or a transformation, combine models,
evolve models and metamodels. Collaboration will be there,
and automation will be required at different levels.
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[22] J. Bézivin, “On the unification power of models,”
Softw Syst Model, vol. 4, no. 2, pp. 171–188, may 2005,
http://dx.doi.org/10.1007/s10270-005-0079-0.

[23] D. Di Ruscio, R. F. Paige, and A. Pierantonio, “Guest Editorial
to the Special Issue on Success Stories in Model Driven Engi-
neering,” Sci. Comput. Program., vol. 89, no. PB, pp. 69–70, 2014,
http://dx.doi.org/10.1016/j.scico.2013.12.006.

[24] M. Brambilla and P. Fraternali, “Large-scale model-driven engi-
neering of web user interaction: The webml and webratio experi-
ence,” Science of Computer Programming, vol. 89, pp. 71–87, 2014.

[25] J. Davies, J. Gibbons, J. Welch, and E. Crichton, “Model-driven
engineering of information systems: 10 years and 1000 versions,”
Science of Computer Programming, vol. 89, pp. 88–104, 2014.

[26] A. Nadas, T. Levendovszky, E. K. Jackson, I. Madari, and J. Szti-
panovits, “A model-integrated authoring environment for privacy
policies,” Science of Computer Programming, vol. 89, pp. 105–125,
2014.

[27] J. Davies, J. Gibbons, S. Harris, and C. Crichton, “The cancergrid
experience: metadata-based model-driven engineering for clinical
trials,” Science of Computer Programming, vol. 89, pp. 126–143, 2014.

[28] J. Hutchinson, J. Whittle, and M. Rouncefield, “Model-driven
engineering practices in industry: Social, organizational and man-
agerial factors that lead to success or failure,” Science of Computer
Programming, vol. 89, pp. 144–161, 2014.
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