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ABSTRACT
Model-Driven Engineering (MDE) is an approach that considers
models as first-class entities used in the software analysis, design
and implementation. Although MDE has become popular in both
academia and industry as an alternative for tackling the growing
complexity of modern software, MDE has not been largely adopted
in the software development process. A possible way to mitigate
those problems consists of understanding how MDE has been applied in practice and what are the main barriers found by developers.
Hence, this paper presents an exploratory study to analyse the discussions about MDE from two Q&A platforms: Stack Overflow
and Software Engineering Stack Exchange. One hundred fourteen
discussions have been analysed under four perspectives: discussion
type, application domain, tools, and developer interest. As a result,
we identified that 69,30% of the discussions regard technical aspects,
from which metamodelling is the most discussed topic, and Xtext is
the most discussed tool. In addition, we observed that discussions
in which developers suggest MDE-related tools tend to attract more
views and answers.
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1

INTRODUCTION

Model-Driven Engineering (MDE) emerged as a field of interest
in the area of software engineering for both researchers and practitioners. This paradigm revolves around the usage of software
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models in order to improve productivity and quality aspects, such
as software maintainability and interoperability [10]. Due to its
approach to mitigate the increasing modern software complexity,
MDE has become popular in the academy [16] and industry [21].
Additionally, the techniques employed by MDE not only work in
favour of developing new software, but they are also well suited
for re-engineering legacy systems and automating dynamic configurations in executing systems [10]. Abstraction, automation, and
analysis are MDE’s key aspects in dealing with the complexity and
the heterogeneity of software systems. Hence, MDE’s high-level
and language-agnostic artefacts have been observed supporting the
expression of complex domain concepts to stakeholders
MDE has been successfully adopted in different sectors of industry, such as automobile, aerospace, telecommunications and
information systems [22, 43]. In spite of its success on niche applications, MDE has not yet reached widespread acceptance as a
software development practice among developers [31], as opposed
to household practices such as DDD, TDD, and DevOps, for instance.
Researchers argue this may be due to different reasons, including
the lack of MDE-related teaching in graduate and undergraduate
programs [47], developers’ inexperience, and lack of training [41],
misinformation over concepts [43], and lack of appropriate tooling [44].
A possible way to mitigate these issues consists on understanding
how MDE has been applied in practice, focusing on the identification of the main barriers found by developers, including concerns
about concepts, tools and application usage. As a result, new and
improved tools may be provided by tool builders and vendors to
equip a growing MDE usage community, graduate and undergraduate programmes may be better suited to show the scenarios in
which MDE usage is advantageous and, finally, a roadmap for the
MDE’s research community can be provided.
Previous work has investigated MDE usage in practice through
both surveys [22, 41, 44] and data mining [24] approaches. The surveys commonly focus on current users of MDE in industry, where
topics such as - What are the benefits of using MDE in the software
development process? What are the main difficulties/problems in using
MDE? What types of model transformations (M2M/M2T) are used? are addressed. The participants are developers with proper MDE
training and experience, who work on domains where MDE is an
established development practice. Although these works provide
relevant insights on how MDE is successfully employed in practice,
they fall short in investigating the struggles and main barriers practitioners may have when learning MDE’s techniques and adopting
them in their own practices.
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The work by Kahani et al. [24] mined data from Eclipse’s MDErelated discussion forums, where the authors identified some of
the problems and issues developers have with Eclipse’s MDE tools.
Despite filling part of the gap related to understanding the barriers
developers face in MDE, it only focuses on the Eclipse ecosystem,
which does not represent the complete MDE’s tools landscape (see
Section 3.2). Furthermore, discussions on MDE-specific forums,
such as the one used in the previous work, occur between developers who are somehow familiar with MDE concepts, techniques,
and tools. As previously depicted, the main reasons for the lack
of widespread MDE adoption, according to researchers, revolve
around entrance barriers (lack of teaching, developers inexperience,
and misinformation over concepts). Hence, data from MDE-specific
forums may not be ideal to understand the primordial issues developers face being introduced to MDE-based development.
Thus, we turned our attention to less specialised question-andanswer (Q&A) forums, such as Stack Overflow1 (SO) and the Software Engineering Stack Exchange2 (SESE). In SO, for example, computer science practitioners seek assistance regarding both technical
and conceptual questions, increasing their technical knowledge by
discussing the best practices and most appropriate tools for certain
problems. Answers are validated by more experienced community
members, which support the building and sharing of collective
knowledge. SO has become a paramount asset for contemporary
software development. By going through SO, one can find discussions at different levels of abstraction and detail, from the basic
understanding of concepts3 to the inner workings of specific tools
and technologies4 . In SESE, practitioners discuss a variety of topics
regarding the software engineering discipline, where the focus is
on high-level concepts, such as theories, best practices, and general
software development knowledge. Thus, the data on SO and SESE
allow us to investigate MDE practices at different levels, from practitioners trying to grasp MDE’s basic concepts to the main barriers
faced by current MDE practitioners.
Therefore, in this work, we conduct an exploratory analysis of
MDE-related discussions from both SO and SESE forums under
four perspectives: discussion type, application domain, tools, and
developer interest. To do that, we applied techniques from mining
software repositories to extract and group the main MDE discussions in both forums. In the end, we analysed a curated set of 114
discussions that occurred from August 2008 to April 2020. The
contributions of this paper are threefold: (i) a categorisation and
analysis of MDE-related discussions in Q&A forums; (ii) a replicable framework for extracting subjects from discussions in SO and
SESE; (iii) a manually curated dataset of MDE discussions. SO data
has been successfully used in empirical studies regarding different
domains, such as microservices [2], mobile applications [19], cloud
computing [32], and software architecture [35]. However, to the
best of our knowledge, there is no work that investigates MDE
practices in either SO or SESE.
The remainder of this paper is divided as follows: Section 2
presents the background that supports the work. Section 3 describes
the methodology we employed, while the analyses are presented in
1 https://stackoverflow.com/

2 https://softwareengineering.stackexchange.com/
3 https://stackoverflow.com/questions/34046283

4 https://stackoverflow.com/questions/37196593
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Section 4. Section 5 discusses the main related work and Section 6
presents the main threats to the study’s validity. Finally, Section 7
draws the conclusions and points out future work directions.

2

BACKGROUND

This section describes the background of this work. It presents
an overview of Model-Driven Engineering and Mining Software
Repositories.

2.1

Model-Driven Engineering

Model-driven Engineering is a software engineering approach that
considers software models not only for documentation purposes
but rather as primary artefacts [11]. In MDE, models can be employed to automate tasks inherent to the software development
process, such as analysis, design, code generation, refactoring and
code translation between platforms [16]. Its major goal is to produce technologies that aid software developers to abstract from the
complexities of the underlying implementation platforms [17].
Considering the model-driven context, the use of MD* abbreviations [46] are recurrently employed to represent approaches to
software design, development and implementation. Examples of
the MD* ecosystem of approaches are: Model Driven Development
(MDD), Model Driven Architecture (MDA), and Model Driven Software
Engineering (MDSE), among others.
Models are artefacts used to capture and represent the acquired
knowledge during the software process development using abstractions with a certain level of precision and detail [18]. They help to
identify and specify the structure and behaviour of the system and
represent the primary source for documenting, analysing, designing, constructing, deploying and maintaining a system. Another
important concept in MDE is the meta-model, which specifies the
abstract syntax of a modelling language, including the concepts
and relationships. This abstract syntax is considered the centre
of the modelling language definition and all other concerns, such
as concrete syntax and semantics, are defined within those metamodels [4].
A key concept that supports model-driven engineering is the
model transformation, a technique to generate a target model from
a source model by performing a set of conversion rules [25]. These
rules are created in terms of the elements of both meta-models
(source and target) such that the resulting model conforms with
its meta-model, i.e, the transformation does not produce invalid
models.
There are two types of transformation: model-to-model (M2M)
and model-to-text (M2T). The first consists of converting an input
model into an output model, where those models can be instances
of the same or different meta-models. The latter comprises the
generation of text from an input model, usually resulting in source
code for a particular programming language. M2T is also commonly
called model-to-code (M2C).

2.2

Mining Software Repositories

The existence of extensive and rich data about software development characterises Q&A forums, such as SO and SESE, as software
repositories and, therefore, the employment of Mining Software
Repositories (MSR) techniques on these data sets benefits the study
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and analysis of software development concepts and best practices.
Examples of such techniques consist on identifying subjects from
tags used in these platforms [3, 8, 27, 49], the use of data sets
composed of discussions and their historical data [1, 37], the employment of relevance and popularity metrics in order to identify
community interest [33, 38], among others.
MSR is an ever-evolving discipline within the software engineering community. For the interested reader, we point to the guidelines
and surveys by Thomas et al. [40], Chen et al. [9], Siddiqui and
Ahmad [34] and de F. Farias et al. [12], and the MSR conference
website5 .

3

EXPERIMENTAL METHODOLOGY

The goal of this study is to investigate, analyse and understand
what developers discuss regarding Model-Driven Engineering on
two Q&A platforms: Stack Overflow and Software Engineering
Stack Exchange. We expect that our results and observations will
shine new light on how MDE is employed in practice, based on the
experience of practitioners that range from novice to experienced
developers. Hence, we ask the following research questions.
• RQ1: What MDE-related topics have developers discussed on
Q&A platforms?
• RQ2: What are the domains in which MDE is applied?
• RQ3: To what extent are MDE tools discussed in Q&A platforms?
• RQ4: What MDE-related topics have attracted the most attention from developers?
Figure 1 depicts the methodological framework we employed
in this paper. As one can see, our empirical methodology is composed of two major phases. The rest of this section details the two
phases and the steps within each of them. We provide a replication
package [29] containing all the data and results generated by our
methodology.

3.1

Phase 1: Identifying MDE-related
discussions in Q&A platforms

This phase aims at constructing a curated dataset of MDE-related
discussions from both Stack Overflow and Software Engineering
Stack Exchange platforms. We consider a discussion on a Q&A platform to be a combination of a question and one (or more) answers,
where there is at least one answer whose author is not the author
of the question [2]. According to SO’s guidelines [36], comments
are not considered proper answers to questions. Hence, comments
were ignored in this study.
We employed the Stack Exchange Data Explorer (SEDE) tool6 to
extract the discussions’ data from both SO and SESE. SEDE provides
a DBMS-like user interface in which users can submit SQL-like
queries to a certain database in the Stack Exchange network. All
Q&A platforms on the network have the same relational schema.
Thus, we designed a unique set of queries to extract the data from
both SO and SESE. All the queries we used are available on our
replication package [29].
5 https://2020.msrconf.org/

6 https://data.stackexchange.com/
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Identifying MDE-related discussions in Q&A platforms

Questions
353

<MDE Tags>

Stack Exchange
Data Explorer

Technical
79

Discussions
Filtering

Discussions
329

Classiﬁcation

Conceptual
17

Utility
14

False Positive
Analysis

MDE Discussions
114

Tech/Conceptual
4

Identifying Discussions that Address MDE Tools in Q&A Platforms
Unique
Discussions
1536

Discussions
Filtering

Relevant
Discussions
2221

<MDE Tools Tags>

Stack Exchange
Data Explorer
Textual
Modelling
696

Modelling
Frameworks
469

Model to
Text
207

Modelling
Support
160

Model to
Model
4

Figure 1: Empirical methodology to identify MDE-related
discussions on Q&A platforms, which are further used to extract the MDE tools addressed by practitioners.

On SO and SESE, a user has the choice of selecting one or more
tags to describe a question. The set of tags is mostly used to indicate
the question’s subjects, and to identify other users that might be
able to provide an answer to the question. Hence, we used the
tags to identify MDE-related discussions on both SO and SESE.
To do this, we designed a procedure to assist us in determining a
comprehensive set of tags practitioners use to describe MDE-related
discussions.
First, based on our previous knowledge regarding MDE-based
development, we started by collecting the data of all discussions on
SO and SESE with the tags: “mde”, “mdd”, and “mda”. Next, we went
through all the tags that were employed in conjunction with the
ones above and singled out the ones that denoted an MDE-related
topic. We repeated this procedure until there were no new tags
related to MDE. As a result, our final set of MDE tags is: “mde”,
“mdd”, “mda”, “mdsd”, “model-driven”, “model-driven-development”,
and “metamodel”.
The set of MDE tags yielded a total of 353 questions that employed at least one of the tags. Among the questions, we filtered
out the discussions according to the definition presented earlier.
This resulted in 318 valid discussions obtained from SO and 11 valid
discussions from SESE, summing up 329 discussions.
The next step consisted of analysing the discussions to identify
false positives. i.e., discussions that employ one of the MDE tags but
are not properly related to MDE. We noticed two major reasons for
false-positives: (i) misusage of the tags (e.g., the question is not related to MDE but user tagged as so), and (ii) incorrect interpretation
of the tag (e.g., the tag MDD referring to Microprocessor Driver
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Definition7 rather than Model-driven Development, while MDA referring to Managed Debugging Assistant8 instead of Model-driven
Architecture). As a result of this analysis, we collected the final set
of true MDE-related discussions, consisting of 105 discussions from
SO and 9 discussions from SESE.
During a preliminary analysis of the identified MDE-related discussions, we noticed that some addressed different concerns than
others. While one can observe open-ended discussions concerning
basic MDE concepts9 , one can also observe detailed discussions
regarding the inner workings of specific MDE tools10 . Hence, to
better understand the MDE-related discussions on Q&A platforms,
we classified and aggregated the discussions into categories. Previous work has done similar groupings of SO discussions by applying
topic modelling approaches, such as LDA [2, 27]. However, due to
the size of our dataset, we opted for a manual analysis and grouping
procedure, as performed by other related work [24, 28, 42].
We employed a bottom-up manual analysis and coding strategy,
where the categories emerged from the discussions. During this
process, categories have been merged, refined, and curated to better
represent the different types of MDE-related discussions one may
find in Q&A platforms. We present the results and observations
from this analysis in RQ1.

3.2

Phase 2: Identifying Discussions that
Address MDE Tools in Q&A Platforms

In the second phase of our empirical methodology, we aim at identifying discussions in which practitioners address MDE tools. One
should notice that a discussion that addresses an MDE tool is not
necessarily MDE-related, as depicted in the previous section. Discussions where practitioners address MDE tools without employing
any of the MDE-related tags are not considered MDE-related. However, to fully understand and investigate how practitioners discuss
MDE’s concepts, topics, and tools on Q&A platforms, we need to
also collect discussions regarding MDE tools.
We consider an MDE tool to be a software tool or programming
language used in at least one of MDE’s common processes: metamodelling, modelling, and M2M/M2T transformation. Note that
the SESE platform was not used in this phase since tool discussion
is out of its scope [13]. Therefore, only discussions from SO have
been used in this phase.
To identify what MDE tools are discussed in Q&A platforms, we
first need a comprehensive set of tags regarding MDE tools. Hence,
we looked at all tags employed in the MDE-related discussions
identified in the previous phase. Based on our previous knowledge
and the work by Kahani et al. [24], we collected the first set of
MDE tools tags. Next, we checked their website, git repository, and
documentation to validate whether they were MDE tools or not.
At the end of this step, we identified 11 MDE tools. Each tool
is presented in Table 1, alongside their correspondent tags and
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Table 1: MDE tools identified in Q&A platforms. We report
the tags concerning each tool and their respective purpose
within MDE development
Tool
EMF
Sirius
ATL
QVT
Epsilon
Xtext
Acceleo
Xpand
Xtend
OCL
Papyrus

Stack Overflow Tags
“eclipse-emf”, “emf”,
“eclipse-emf-ecore”
“eclipse-sirius”
“eclipse-atl”
“qvt”
“epsilon”
“xtext”
“acceleo”
“xpand”
“xtend”
“ocl”
“papyrus”

Purpose
Modelling Framework
Model to Model
Textual Modelling
Model to Text
Modelling Support

purpose [6]. Eclipse Modelling Framework - EMF 11 , Sirius12 and Papyrus13 are graphical (meta)modelling frameworks, while Xtext 14
is used for textual modelling. The ATL Transformation Language ATL15 , QVT 16 and Epsilon17 are M2M transformation tools, while
Acceleo, Xpand 18 , and Xtend 19 are M2T transformation tools. Finally, Object Constraint Language - OCL20 is a language used to
specify restrictions on models, which is considered a modelling
support tool.
Based on the MDE tools tags, we further collected 2,221 discussions in which practitioner address at least one MDE tool. We
discuss and analyse these observations in RQ3. All the data and results of our empirical methodology are available in our replication
package [29].

4

RESULTS AND DISCUSSIONS

This section presents and discusses the answers of the research
questions posed in Section 3 after mining the SO and SESE repositories following the process described in Figure 1.

4.1

RQ1: What MDE-related topics have
developers discussed on Q&A platforms?

From the 114 identified MDE-related discussions, four categories
of discussion have been identified: conceptual, technical, utility,
and technical/conceptual. Table 2 presents a description for each
category, an excerpt from a discussion in this category, and the
number of discussions in the category.
11 https://projects.eclipse.org/projects/modeling.emf.emf
12 https://www.eclipse.org/sirius/

13 https://www.eclipse.org/papyrus/
14 https://www.eclipse.org/Xtext/
15 https://www.eclipse.org/atl/

16 https://projects.eclipse.org/projects/modeling.mmt.qvt-oml
17 https://www.eclipse.org/epsilon/
18 https://wiki.eclipse.org/Xpand

19 https://www.eclipse.org/xtend/
7 https://stackoverflow.com/questions/6756163

8 https://stackoverflow.com/questions/3921661

9 https://stackoverflow.com/questions/34046283

10 https://stackoverflow.com/questions/37196593

20 https://projects.eclipse.org/projects/modeling.mdt.ocl
21 https://stackoverflow.com/questions/11376162
22 https://stackoverflow.com/questions/34046283
23 https://stackoverflow.com/questions/7402003
24 https://stackoverflow.com/questions/4837002
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Table 2: Discussion categories in Q&A platforms. We provide a description of the category, followed by a excerpt of a discussion
in the category, the number of discussion within the category, and the percentage of discussions in the category
Category
Technical
Conceptual
Tech/Concep
Utility

Description
Related to questions regarding tools, techniques,
and process used in the MDE domain
Related to questions concerning MDE’s concepts
Related to both technical (tools) and conceptual
issues
Related to issues involving feasibility, benefits,
risks, real-use examples, and others

Excerpt
“ACCELEO: creating file in path depending
on the model structure21 ”
“Differences between MDSD and MDD22 ”
“What is the difference between Acceleo and
Xpand?23 ”
“I don’t like MDD but like UML - why
should I use MDD if I think it is useless?24 ”

Table 3: Main topics addressed in technical discussions. For
each topic, we provide the number of discussions within
each topic (RQ1), and the number of views and answers for
the discussions within the topic (RQ4)

Metamodelling
Tool Suggestion
M2T Transformation
Constraint on Model
Tools Integration and
Interoperability
M2M Transformation
Textual Concrete Syntax
Versioning Models
Plugin
Example of an Application

27.27%
19.48%
18.18%
9.09%

View
Count
20.23%
27.77%
20.87%
5.74%

Answer
Count
30.08%
20.30%
16.54%
6.77%

7.79%

9.83%

9.02%

6.49%
6.49%
2.60%
1.30%
1.30%

4.84%
4.25%
1.36%
0.91%
4.19%

6.02%
4.51%
3.76%
1.50%
1.50%

Discussion

Technical discussions form the biggest category with 79 discussions, representing 69,3% of all identified discussions. These
are discussions regarding tools and techniques used in the MDE
domain, usually debating issues like installation, execution and
recommendation. This was an expected outcome due to the nature
of the consulted Q&A forums (developers usually ask technical
questions on SO) and is in accordance with the results in a previous
study [24].
Conceptual discussions, which address concerns regarding MDE’s
foundations, came in second place enclosing 17 discussions (14,91%
of the total). These discussions commonly address what-is and
what-differences questions.
During the analysis of the conceptual discussions, we noticed
that practitioners mixed technical and conceptual topics. For example, the question “What is the difference between Acceleo and Xpand”
may look like a question regarding the difference between two
tools, but the discussions actually address MDE concepts. Thus, we
created the Technical/Conceptual category. As one can see, this is
the smallest category, with only four discussions, and representing
3,51% of the discussions).
Finally, the last identified category involves discussions regarding general aspects of MDE, such as feasibility, benefits, risks, and
others. Hence, we called it Utility, and it covers 12,28% of the discussions.
Furthermore, for each category, we performed a temporal evolution analysis of its discussions. Figure 2 illustrates the number

Number of Discussions

Topic

Technical

Conceptual

#Discussions

Percentage

79

69.30%

17

14.91%

4

3.51%

14

12.28%

Utility

Technical/Conceptual

15

10

5

1
0

0
2008

2010

2012

2014

2016

2018

2020

Year

Figure 2: Number of discussions per year on the Q&A platforms

of discussions per year in the range from 2008 to 2020, which are
the years of the first and last MDE-related discussions, respectively.
The results indicate that technical issues have always headed the
discussions among the practitioners in Q&A platforms (except from
2008), having at least one question been posted at each year, and
reaching the peak of 18 questions in 2012, the triple of the number
of discussions in the previous year.
Conceptual discussions, mostly concentrated from 2010 to 2015,
were more present in the debates between practitioners interested
in MDE’s basics. The decrease in the occurrence of conceptual
discussions indicates that, gradually, the concepts of MDE have
been consolidated among the community. On the other hand, the
discussions that involve the utility of the MDE are concentrated only
in the period from 2008 to 2013. This reinforces that the community
is likely more mature regarding the role of MDE and its benefits in
the software development process.
Although the discussions’ categorisation gives us a glimpse of
what has been discussed in SO and SESE, it is still at a high level of
abstraction. Therefore, we went through the technical discussions,
which is the most representative category (nearly 70% of the posts),
in order to have a more detailed view of the topics been debated.
By analysing those discussions, we identified the 10 main topics, which are depicted in Table 3. We can see “metamodelling”,
one of MDE’s main activities, being the most discussed technical
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Table 4: Domains Identified in Technical Discussions

Textual Modeling Tool
Modeling Frameworks
Model to Text
Modeling Support Tools
Model to Model

Domain
Embedded/Real-time systems
Mobile Applications
Automotive industry
Web Applications
Enterprise Applications
Cloud Computing

30.5
45.3

13.5
10.4
0.3

topic, which has been addressed by 27,27% of the discussions. This
may indicate that developers still face difficulties with the main
(meta)modelling frameworks and tools. After that, “tool suggestion”
is the second most discussed technical topic (19,48%), which shows
that developers are used to asking for recommendations from their
peers.
Discussions about the two MDE transformation processes, M2T
and M2M, appear in third and sixth places, covering 18,18% and
6,49% of the discussions, respectively. This may point out that M2T
tools attract more attention from the developers, indicating that
generating code from models is a more common practice (thus
incites more questions) than transforming models into other models. The other identified topics are “constraints on models” (9,09%),
“integration or interoperability between tools” (7,79%), “textual concrete syntax” (6,49%), “model versioning” (2,60%), “plugins” (1,30%),
and “example of application” (1,30%).

4.2

RQ2: What are the domains in which MDE
is applied?

The second research question aimed at identifying the domains for
which the practitioners in Q&A platforms are applying MDE. It is
necessary to emphasise that we only registered the domains that
the users mentioned in the discussion. In fact, the domain was in
only 9 discussions. On the one hand, this avoids misinterpretation
of the data, since many times the domain is not easy to determine
from the discussion or it is not stated at all. On the other hand, due
to being conservative, we have possibly missed different domains.
Table 4 shows the domains we could extract from the 114 MDErelated discussions. Even with our aforementioned restriction, we
detected six domains: Embedded/Real-time systems, Mobile Applications, Automotive industry, Web Applications, Enterprise Applications,
and Cloud computing. Our findings corroborate the study of Mohagheghi and Dehlen [30], which also identified that developers
have discussed the use of MDE in cloud computing and mobile applications. The use of MDE in those domains are topics of interest
in other academic research [7, 14, 20].
We highlight that this research question brings a new contribution in comparison with the work of Kahani et al. [24], who
analyses the Eclipse platform’s forum but did not recognise the
main application domains from the discussions.

Figure 3: Categorisation of discussions about tools in Stack
Overflow

4.3

RQ3: To what extent are MDE tools
discussed in Q&A platforms?

To answer this RQ, we considered the set of discussions that address
MDE tools, as described in Section 3.2. Hence, we present Table 5,
in which the value of cell (i,j) corresponds to the number of times a
tag related to the tool i appeared in the same discussion with a tag
related to the tool j. The values for cells when i=j (highlighted in
the table) indicate the occurrence of tags related to that tool alone.
For instance, Table 5 shows that 451 discussions were tagged only
with EMF-related tags, while 10 discussions used both tags related
to EMF and Sirius. Note that in those 10 discussions other toolsrelated tags could also have been used, but due to space reasons,
we limited this data analysis for pairs of tools.
Considering only the discussions with a single tool-tag, which
sum up to 1,536 discussions (nearly 70% of the total), Figure 3
shows the percentage of the discussions grouped by the tool category (shown in Table 1). It is possible to observe that 45,3% of the
selected discussions address textual modelling tools, even though
we only identified the Xtext tool in this category. The second most
tagged tool category was modelling frameworks, with 30,5%. Therefore, those two categories are responsible for more than 3/4 of
the discussions, showing that (meta)modelling is by far the most
discussed type of tool. This is in accordance with Table 3, which
shows that metamodelling is the most discussed technical topic.
This may be due to the fact that metamodelling is commonly the
starting point to MDE’s ecosystem since the other types of tools
(M2M, M2T and support tools) demand that an origin model exists.
On the other hand, less than 1% of the posts discussed M2M tools.
This shows that M2M is more common in academic studies than in
real-world practices.
Taking into account the results shown in Table 5, it is possible to
analyse the most discussed tools for each MDE activity (Section 2.1).
Regarding metamodelling, the EMF tool presents the highest relevance. This shows that developers are using metamodels as a source
for other tools to generate software artefacts. Besides, EMF is considered a standard that promotes the development of interoperable
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Table 5: Number of discussions in Q&A platforms addressing different MDE tools
Category
Tool
EMF
Sirius
ATL
QVT
Epsilon
Xtext
Acceleo
Xpand
Xtend
OCL
Papyrus

Modelling
Frameworks
EMF Sirius
451
10
10
18
5
0
6
0
2
0
73
5
22
1
3
0
18
2
24
1
4
0

Unique tags

Model to Model
ATL
5
0
0
0
1
2
0
0
0
0
0

QVT
6
0
0
4
0
0
0
0
0
0
1

Epsilon
2
0
1
0
0
0
0
0
0
1
0

Textual
Modelling Tool
Xtext
73
5
2
0
0
696
3
13
164
1
1

Joint tags

Xtext
EMF
Xtend
OCL
Acceleo
Papyrus
Sirius
Xpand
QVT
ATL
Epsilon
0

100

200

300

400

500

600

700

Figure 4: Use of unique and joint tags for MDE tool-related
discussions
tools [23], corroborating the fact that it was used in all categories
(Table 5). Hence, we advocate that EMF is a strong candidate to be
taught in MDE courses in graduate and undergraduate levels.
In the context of tools that perform transformations between
models (M2M), the QVT tool has generated more discussions in the
community. On the other hand, Xtext is the only textual modelling
tool discussed. This tool can be used for creating concrete syntax
for the development of domain-specific languages. Furthermore,
the interest of the community in this type of tool is in line with
the results obtained by Hutchinson et al. [22], showing that many
developers have used DSLs in personal projects. With respect to
the M2T tools, Xtend appears as the most discussed tool, ahead of
Acceleo, which is considered the protagonist of this kind of tool [6].
In addition, it is interesting to note that, when considering joint
tags, the pairs EMF + Xtext and Xtext + Xtend, with 73 and 164
discussions, respectively, are dominant. This may indicate that
developers are comparing graphical and textual concrete syntax
using EMF and Xtext, respectively, and using Xtend to generate

Model to Text
Acceleo
22
1
0
0
0
3
68
1
1
9
6

Xpand
3
0
0
0
0
13
1
5
6
0
0

Xtend
18
2
0
0
0
164
1
6
134
0
0

Modelling Support
Tools
OCL
Papyrus
24
4
1
0
0
0
0
1
1
0
1
1
9
6
0
0
0
0
92
3
3
68

code from a DSL created with Xtext. After that, we highlight the
pair EMF + OCL (24 discussions), EMF + Xtend (18 discussions),
Xtext + Xpand (13 discussions), EMF + Sirius (10 discussions) and
OCL + Acceleo (9 discussions).
Another fact that draws our attention is that some tools are not
discussed alone, i.e, there are no questions with only one of those
tags (e.g. ATL and Epsilon), or were tagged with other tools more
than by themselves (e.g. QVT, Xpand and Xtend). This can be seen
in Figure 4. This may indicate that developers are having more
difficulties when using those tools in conjunction with others.
Finally, in the domain of modelling support tools, the most discussed one is OCL, showing that model constraint is a concern
about developers. Besides, it is common to find questions involving
OCL with EMF, since it is natural that those restrictions are applied
at the metamodel level.
Making a comparison with the work of Kahani et al. [24], tools
related to metamodelling are more discussed on the Eclipse forums. Next, textual modelling tools (Xtext) are among the tools that
generate the most discussions in the Eclipse forums. On the other
hand, in the context of Stack Overflow, we showed that textual
modelling tools are the most discussed in the community, while
metamodelling tools come after.

4.4

RQ4: What MDE-related topics have
attracted the most attention from
developers?

This RQ aims at identifying the most “popular” discussions. To
do that, we relied on two metrics provided by Stack Overflow:
ViewCount and AnswerCount. Similar analyses have already been
done by related studies that investigate data from SO [2, 5].
Table 6 depicts the total number of views and answers for each
discussion category. One can see that Technical discussions is the
most viewed and answered category, followed by the Utility category. Conceptual and Technical/Conceptual are the third and fourth
categories. Comparing with Table 2, we see that, although the Conceptual category has more discussions than Utility, their discussions
are less viewed and answered than its counterpart. This shows that
people are more interested and interact when discussions address
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Table 6: Metrics per categories

ViewCnt
AnswerCnt

Technical

Conceptual

Utility

77157
137

17170
47

25597
67

Tech/
Concep
3092
13

problems and issues regarding the application of MDE in a real
setting. This is also in tandem with the goals of Q&A forums. Furthermore, the same category was the most viewed and answered,
addressing reasons for why MDE is not being widely used in the
software development process. This is still an open question that
draws the community’s interest.
In a more detailed perspective, Tables 7 and 8 show the ranks of
the top 10 viewed and answered discussions in our entire dataset,
respectively. Note that the most viewed and answered discussion
belongs to the Utility category, even though this category is in
second place considering the overall metrics. In addition, it is interesting to see in Table 8 that only four technical discussions are
among the 10 most answered and none of them is in the top 4. This
indicates that, for MDE, users prefer to answer Utility discussions
than exchange technical concerns.
When analysing the technical topics, presented in Table 3, we can
observe that metamodelling was the most discussed and answered
topic. However, it was ranked as 3rd considering the number of
views. On the other hand, tool suggestion, the second most discussed
topic, is the most viewed one. A possible explanation is that discussions regarding tool suggestion already cover the main issues
developers face.

5

RELATED WORK

Villanes et al. [45] present an empirical study that aims at identifying the practices related to mobile application testing, specifically on
the Android platform. The authors analysed approximately 18,000
discussions, through September 2008 to March 2017, extracted from
Stack Overflow. Similarly, but focusing on software testing in general, Kochhar [26] also mined the Stack Overflow repository, collecting over than 38,000 questions from January 2009 to December
2014. Rahman [32] performed data mining on Stack Overflow to
understand patterns and unknown effects of distributed denial of
service (DDoS) using discussions related to the subject. The data
collected from the analysis served as input for proposing a novel
framework focused on protecting the cloud structure provided by
AWS, against DDoS attacks. Although the aforementioned work
proposes the use of Q&A forums to analyse a particular aspect or
domain of the software development process, none of them focused
on understanding how developers are discussing MDE topics.
The closest work to ours is presented by Kahani et al. [24], which
aims at figuring out the primary questions responsible for guiding
developers on the use of MDE and the ones commonly faced by
newcomers of the MDE community. To do that, the researchers conduct a qualitative and quantitative survey with the questions found
on the Eclipse’s discussion forum, with data ranging from 2002 to
2015. The authors conclude that the subjects that draw the majority
of questions are related to configuration and interoperability. In
addition, when considering new users, most of them (59%) request

help on code level problems rather than conceptual questions. The
authors also mention problems related to plugins and lack of documentation. However, by focusing only on the Eclipse’s forums, the
authors restricted the research to one technology-specific platform,
which limits the results and may not capture problems faced by
developers considering other tools outside the Eclipse ecosystem.
Moreover, our work investigates other aspects of MDE discussions,
such as popularity.

6

THREATS TO VALIDITY

In this section are discussed the threats to validity of the experiment
results with regards to: (i) Conclusion Validity; (ii) External Validity;
(iii) Internal Validity; and (iv) Construct Validity.
Conclusion Validity refers to the relationship between the
treatment and the outcome [48]. Based on this, all the steps presented in this research involved the participation of four researchers:
two master students and two Ph.D. professors in Software Engineering. Periodic meetings to discuss and improve the proposed
methodology were held in order to minimise this threat. In addition,
it is important to mention that the same methodology was used to
extract information from the two repositories: Stack Overflow and
Software Engineering Stack Exchange.
External Validity are the conditions that limit the ability to
generalise the results of an experiment [48]. In this case, the analyses presented in this work may not represent the entire MDE
developer community, given that only data from two Q&A platforms were investigated. However, it is out of the scope of this work
to give the perception of all MDE users. In fact, we decided to use
general Q&A platforms in order to have a broader cover of MDE
discussions. Internal Validity refers to the dimension in which
the results of the study can be attributed to the treatments used in
the study [39]. In other words, the researcher must try to control
the factors or variables that may influence the results. In the context
of this work, the results obtained through data analysis could suffer
interference and cause a bias generated by the authors. To minimise
the impact of this threat, a rigorous methodology was developed
based on knowledge of the literature on the subject under study
and on information extracted from both Q&A platforms.
Construct Validity concern generalising the experiment results
to the theory behind the experiment [48]. To minimise this threat,
the theoretical basis was adopted following methods present in
other studies of the literature and in the use of popularity metrics
provided by the platforms to evaluate a discussion based on different
perspectives.
Overall, we make all our data and results available in a replication
package to allow for full reproducibility of the work [29].

7

CONCLUSION

This paper presented results derived from the empirical analysis
of two Q&A platforms, Stack Overflow and Software Engineering
Stack Exchange, to understand what practitioners discuss regarding
Model-driven Engineering. To do that, we followed a two-phase
methodology to identify (i) MDE-related discussions, and (ii) discussions that address MDE tools.
From the analysed data, it is possible to observe that the community shows high interest in metamodelling tools. This result
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Table 7: Discussions with most views
Rank
1
2
3
4
5
6
7
8
9
10

Main Subject
Problems with MDD
Tools Suggestion
Tools Suggestion
UML
M2T
Integration/Interoperability
between tools
M2T
Example of an Application
Metamodelling
Constraints on Model

Category
Utility
Technical
Technical
Conceptual
Technical

Quantity
13369
7960
7722
6133
4527

Source
https://softwareengineering.stackexchange.com/questions/55679
https://stackoverflow.com/questions/9775717
https://stackoverflow.com/questions/620188
https://stackoverflow.com/questions/2485746
https://stackoverflow.com/questions/12458852

Technical

4274

https://stackoverflow.com/questions/23413096

Technical
Technical
Technical
Technical

3867
3210
3096
2941

https://stackoverflow.com/questions/8202231
https://stackoverflow.com/questions/4479883
https://stackoverflow.com/questions/4149579
https://stackoverflow.com/questions/19705929

Table 8: Discussions with most answers
Rank
1
2
3
4
5
6
7
8
9
10

Main Subject
Problems with MDD
UML
The future of MD*
Benefits of MDD
Metamodelling
Integration/Interoperability
between tools
Metamodelling
Tools Suggestion
Differences between M2T tools
Tools/Best practices for MDD

Category
Utility
Conceptual
Utility
Utility
Technical

Quantity
17
12
9
8
7

Source
https://softwareengineering.stackexchange.com/questions/55679
https://stackoverflow.com/questions/2485746
https://stackoverflow.com/questions/21091
https://stackoverflow.com/questions/70781
https://stackoverflow.com/questions/51660

Technical

6

https://stackoverflow.com/questions/4109062

Technical
Technical
Tech/Conc
Tech/Conc

6
6
5
5

https://stackoverflow.com/questions/2652918
https://stackoverflow.com/questions/620188
https://stackoverflow.com/questions/7402003
https://stackoverflow.com/questions/262279

contrasts with previous studies on the literature which point that
only a small group of developers use metamodelling and code generation languages [15]. Furthermore, developers search for more
information related to M2T transformations instead of M2M transformations. In addition, the community shows interest in applying
restrictions to their models and integrating tools. As a result, questions involving suggestions and recommendations of MDE tools
often attract practitioners’ attention.
Employing MDE on software development requires direct training on MDE specific tools [22]. Hence, there is a need for an
additional effort to employ MDE tools and techniques, as well as
the lack of technical support on these tool-sets [44]. Therefore, discussions on the analysed Q&A forums tend to draw attention when
addressing the comprehension and understanding of MDE-related
concepts.
Finally, Tables 2 and 3 shed light into the question raised in
Section 1 about identifying the main barriers faced by current MDE
practitioners. Table 2 shows that technical barriers are the ones
most faced by practitioners, where 69.3% of the discussions belong
to this category. Table 3 shows that metamodelling, tools usage, and
model to text transformation are the technical barriers practitioners
face the most.
As future work, we intend to explore new data sources, such as
Reddit, Quora, and Twitter, related to MDE to broaden and add new

perspectives in discussions regarding this subject, including more
qualitative analyses of the research questions.
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