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Abstract— Model-driven development (MDD) is an application
development paradigm that prioritizes the construction of models
instead of code, offering several advantages. In this context, tools
play an important role in supporting MDD more efficiently. Several
tools have been proposed for model-driven web development
(MDWD), and it is necessary to identify the characteristics of those
tools. This study is aimed at identifying and classifying published
articles related to MDWD tools. A systematic mapping study was thus
performed using eight relevant digital databases. When searches
were performed on specified strings, 1,654 articles were obtained.
After the selection process, 79 articles were considered primary
studies for addressing the nine research questions posed. The
publication of articles on MDWD tools is consistent, indicating that
research will continue in this field. Unified modeling language in the
context of MDWD tools is the most reported notation type in the
literature. Finally, code generation and productivity increase were
reported to be the main benefits of MDWD tools.
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I. INTRODUCTION

Model-driven web development (MDWD), which is a
specialization in the web application development domain, is
based on the model-driven development (MDD) paradigm [1].
MDD facilitates the development of applications by prioritizing
the construction of models instead of code [2]. According to a
few researchers, MDD is a solution for managing complex and
evolving software systems as it promotes component reuse and
the fast generation of quality code [3]. The main fields in which
MDD has been applied successfully include mobile, simulation
and verification, security, web engineering, and graphical user
interface development [4].

The objective of MDWD is to provide tools and techniques
for simplifying the design, development, and evolution of web
applications [5]; thus, MDWD has become a relevant topic for
a significant group of web application developers. Interest in
web application development has increased significantly with
the increase in the popularity of mobile devices such as
smartphones [6], [7]. The main characteristic of the MDWD
process is that it constitutes a transformation [8] to produce
different models, views, or artifacts using another model based
on a transformation pattern [8]. The modeling and manipulation
of models allow for the abstraction level to become higher than
the code level; this yields several significant advantages [9].
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Some authors have highlighted that the MDWD is
important for software engineering because it facilitates the
development of web software systems that are extensible,
reusable, and easy to maintain [10], thus facilitating a good
understanding of web application designs [11]. Other
researchers [2], [12] have indicated that a significant amount of
work is required to ensure that modern web applications are
developed faster, more securely, and with fewer errors. It has
been highlighted in [13] that low-code tools and technology
constitute the evolution of MDD, in recent years, and there have
been many secondary studies on MDD [2], [14], [15], [16],
[17],[18], [19].

There are several publications regarding MDWD tools that
are required to be identified and classified. These classified
articles present the relevant characteristics of tools that are
useful for MDWD practitioners and researchers. In this study,
a systematic mapping study (SMS) was conducted on MDWD
tools. This paper is organized as follows. Section 2 introduces
the fundamental concepts applied in this study. In Section 3, the
related work is summarized. Section 4 details the SMS process,
and Section 5 consolidates the results. In Section 6, the results
are discussed in relation to the research questions, and
conclusions are drawn.

Il. BACKGROUND

This section introduces the concepts of MDD and MDWD.
A. Model-driven development

MDD is a paradigm that addresses the challenges of
integration and composition of a system [20]. It allows for the
creation and use of business models rather than computational
concepts [21], [22], thus enhancing the abstraction level of
software development and bridging the gap between technology
domains by enabling domain experts to design and build
systems [20]. MDD models encompass the system
requirements, business models, and technology
implementations [23] and can represent systems at any level of
abstraction ranging from business architectures to technology
implementations [24], thereby contributing to the simplification
of these architectures [25].

Relevant terms in the literature include model-driven
architecture (MDA) [26], model-driven engineering (MDE) [2],
[8], [25], and model-driven software engineering [27]. In
addition, MDA combines domain-specific modeling languages,
transformation engines, and generators [28].

In terms of thematic domain areas, this paradigm
establishes the context and scope of the model [24]. High-level
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domains include telecommunications, healthcare, sales,
manufacturing, transportation, defense, and government.

It is important to know the models used in MDD.
According to [29], there are three models: i) the business or
domain model wherein the computation independent model
(CIM) is located; ii) logical system models in which the
components of a system interact with each other and where the
platform independent model (PIM) 1is located; iii)
implementation models, which are closer to technology and
where the platform-specific model (PSM) is located. The
transformation between these models, also known as model-to-
model (M2M) transformation, is the core process of MDD [29].
However, the classification of [24] involves three architectural
layers instead of models.

B. Model-driven web development

MDWD comprises other approaches such as model-driven
web engineering (MDWE), which is an MDD application in the
context of web software development [30]. The concept of
MDWE corresponds to MDE [1]. The continuous evolution of
web technologies and platforms based on the application of
independent models makes MDWD useful in circumventing
various web application problems [30] related to content,
navigation, process, and presentation [10].

I1l. RELATED WORK

The related studies have been identified as follows.

According to [8], approximately half of the studies on
MDD are published in conferences and workshops, and the
other half are published in prestigious journals. Furthermore,
this number of studies increased significantly in 2011 and 2012.

In [31], a systematic literature review (SLR) was
performed, in which 30 studies (2013-2018) were identified,
wherein the MDD was used for mobile application
development. This resulted in the identification of 11 model-
based techniques, 21 tools, and eight modeling languages.

In [27], an SMS was conducted on rich internet
applications (RIAs). It was found in this study that the few tools
available for MDD are difficult to access, and their robustness
level is yet to be experimentally validated.

In [32], it was determined that it is extremely challenging
for MDE environments that result in improvements in software
productivity and quality to appear in short and medium terms
because current MDE technologies reflect deficiencies in the
understanding of software modeling.

In [33], it was found that agile development and MDD can
coexist and benefit from integration, thus improving
productivity by up to five times, code generation by 93%, and
code quality by up to 20% with a shorter turnaround time of
deliverables.

In [2], a literature review was conducted, wherein it was
found that (i) the architecture, domain modeling, and code
generation are the most important aspects of MDD-based
mobile application development; (ii) the two main benefits of
applying MDD are increased productivity and increased

automation in code generation; lastly, (iii) 22.3% of the primary
studies on MDD pertain to academic case studies on its
applications.

IV. SYSTEMATIC MAPPING STUDY

The literature review is generally performed using SLR
[34] or SMS [35]. SLR [34] facilitates the identification and
assessment of the papers’ relevance and quality, and the
selected studies are synthesized. Systematic mapping studies
allow for the structuring of a research area and are useful in the
identification of possible future research directions [35]. An
SMS was performed in this study using the guidelines proposed
in [36] and improved in [35]. In the guidelines of [36], the
process steps established are definition of the research
questions, conducting a search, screening of papers,
keywording using abstracts, data extraction, and mapping
process.

A. Scope and research question

The objective of this study is to identify and classify the
research conducted on MDWD tools and their applications,
which is similar to the objective in [27]; however, this study is
more oriented towards specific M2M transformations, and the
research questions (RQs) provided (Table I) have a wider
scope, including other transformations and aspects of MDWD
tools.

TABLE I.
RESEARCH QUESTIONS
1D Research Question
RQO1 Which tools or instruments are used in MDWD?
RQ02 What type of modelling notation is used for tools or
instruments in MDWD?
RQO3 What are the source and target models in a model
transformation comprising the use of MDWD tools?
RQ04 Which IDEs are reported for the use of MDWD
tools/instruments?
RQO05 Which programming languages are indicated for the use of
MDWD tools?
RQO06 What are the benefits of developing MDWD-based
applications?
RQO7 What are the issues and challenges of adopting MDWD for|
application development?
RQO08 What are the main domains/areas wherein MDWD is
frequently practiced?
RQ09 How has research on MDWD tools evolved?

B. Search string and selection criteria

In this SMS, an automatic search was performed on eight
databases of scientific relevance according to [37], while
considering the possibility of access to full-text documents. The
databases considered were IEEE Xplore, Web of Science, ACM
DL, Scopus, Wiley, Ebsco, Science Direct, and Taylor &
Francis. EI Compendex was not considered as it could not be
accessed. No additional sources were considered for this study.
The search string was defined using the population and
intervention (PI) strategy, which is recommended used for SMS
[35]. The population was MDWD and the intervention used
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included Tools; therefore, the search string was P AND I =

(MDD OR MDSD OR MDE OR MDA OR "Model Driven")

AND (Web) AND (tool). There were no restrictions on the start

and end dates.
The inclusion and exclusion criteria applied in this study

were as follows:

e IC.1. Primary studies that focus on MDWD are acceptable.

e IC.2. Primary studies with tools that have been used or
tested are acceptable.

e EC.1. Duplicate papers are rejected.

e EC.2. Books, secondary studies, and summaries of
conference proceedings are rejected.

e EC.3. Articles that are not written in English are rejected.

e ECA4. Articles that do not deal with MDWD tools are
rejected.

e EC.5. Articles comprising unavailable content are rejected.

e  The quality evaluation was omitted in the SMS because the
articles were obtained from journals, conferences, or books
selected by digital databases using quality criteria [35].

C. Data extraction and classification
In this SMS, the following five-step process was

established:

e First stage: The metadata of the articles are obtained by
running the search strings on the databases, thereby
consolidating the results in a single file, and eliminating
duplicate articles in compliance with criterion EC.1.

e Second stage: The titles and keywords are reviewed to
exclude articles unrelated to MDWD and reject secondary
studies in compliance with criteria IC.1 and EC.2.

e Third stage: Abstracts are reviewed to exclude articles not
written in English in compliance with criterion EC.3.

e Fourth stage: Articles that have passed the previous stages
are downloaded to ensure that the article is written entirely
in English. In addition, a quick review is performed to
ensure that the articles pertain to MDWD tools in
compliance with criteria EC.3, EC4, and IC.2.

e  Fifth step: An in-depth reading is performed to ensure that
the article concerns tools that facilitate the application of
MDWD and that these tools have been used and evaluated
in compliance with criterion IC.2.

During the planning of the SMS, a pilot study was
conducted to validate the search string and ensure that the RQs
could be answered. In the pilot study, 14 articles were identified
from the IEEE and ACM databases to validate the search string
and determine if adjustments were required to address the RQs.

The first step was started in July 2023, and the second
query round was conducted in January 2024. The metadata
obtained from digital databases were stored and processed
using Microsoft Excel and macros for the classification process.
In the initial stage, two authors worked together. In the second
and third stages, the first author performed tasks, and the second
author reviewed the process randomly. In the remaining stages,
the two authors worked together.

In the SMS process, 1,654 articles were obtained from
eight digital databases using a search string. The partial results
of the process are listed in Table II. At the end of the selection
process, 79 articles remained as primary studies (Appendix A).
As indicated in [35], the databases comprised selections from
journals and conferences with a formal schema; therefore, no
quality assessment was explicitly performed.

A spreadsheet was used to establish an extract data
template during the data extraction process (Table III). Each
field in the structure was used to extract data from the primary
study to answer every RQ. Furthermore, to answer each RQ, a
table or figure was prepared based on quantitative analysis, and
narrative synthesis was performed [37].

TABLE II.
RESULTS OF THE STUDY SELECTION PROCESS
Database Studies obtained | Studies remained
ACM 104
IEEE 183
EBSCO 128
Science Direct 85 ---
Scopus 890 -
Web Of Science 231
Wiley 20 -
Taylor and Francis 13 -
Total 1,654 1,654
Duplicates excluded - 1,329
Title Review - 354
Abstract Review --- 166
Relevant full text - 79
TABLE I1I.
TEMPLATE FOR DATA EXTRACTION
Data Detail RQ
Study identifier Unique identifier of the study created] General
for SMS
MDWD Tools Name and author of MDD tools RQO1
developed for web applications
Notation for Type of modelling notation used by RQO02
modelling MDD tools to develop web
applications
Source and target | Source and target models of RQO03
modelsina transformation using MDD tools to
transformation develop web applications
IDE used IDEs allowing the use of MDWD RQO4
tools
Programming Programming languages designated RQO5
languages for use in MDWD tools/instruments
Benefits obtained | Benefits obtained by developing RQO06
applications based on MDWD
Problems and Issues and challenges of adopting RQO7
challenges MDWD
Areas where Main domains/areas where MDWD RQO08
MDWD is applied | is frequently practiced
Evolution of Evolution of MDWD tool research RQO09
research on
MDWD tools
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D. Classifiers considered in the study
The topic-specific classifiers are a group of classifiers used

in the subject domain. The classifiers that were considered in

this study are as follows:

e Modeling languages: Unified modeling language (UML),
extensible markup language (XML), systems modeling
language (SysML), and web modeling language (WebML)
[38], [39].

e Programming languages: C#, Java, Python, and PHP [32],
[39].

e Tools used: The list was constructed from primary studies.

e Source and target models in a transformation: CIM, PIM,
PSM, and transformation to code [38],[26], [33].

E. Validity threat analysis
The wvalidity threat analysis was based on the work

performed in [40]. The validation aspects considered in this

study were as follows.

e Validation of study selection. To ensure the selection of the
largest number of relevant studies, the following steps were
performed: (i) A pilot search was conducted iteratively to
validate the search string, resulting in a sample of 14
articles; (ii) Data extracted from the selected articles were
verified to ensure that they answer the RQs. Inclusion and
exclusion criteria were applied in the article selection
process. In terms of the decision to include or exclude
studies, when in doubt, the decision was postponed to the
next stage to realize a more informed resolution. The first
and second authors have more experience in MDD and
MSL, respectively. Both the authors worked together, and
in some cases, the second author aided the first author in
the selection process.

e Data validation. Only relevant digital databases [37] were
considered with the already defined evaluation schemes.
Therefore, no quality assessment was performed in the
selection process, as indicated in [35]. One digital database
was not considered owing to a lack of access.

e Research validation. To ensure the reliability of the
process, two authors who were familiar with the research
topic participated in it. The second author, who had
extensive experience in secondary studies and research,
reviewed the selection process randomly. This process is
replicable because all the data collected during the research
as well as the search strings were publicly available. In
addition, the search process was defined without a start
date or an end date.

V. RESULTS AND DISCUSSION

Based on the primary studies, the following RQs were
answered and discussed in some cases.

A. RQO1. Which tools or instruments are used in MDWD?

In terms of the MDWD tools (Fig. 1), it was found that the
majority of the authors (96%) propose new names for these
tools. Among these tools, some appear more than once as in the

Ot e 1 s |
ATL I o
Acceleo N 6
WebRatio N 4
AutoCRUD BN 3
InsSCo-Gen HH 2
FrameWeb B 2
AndroMDA HH 2
Unnamed BN 3

0 10 20 30 40 50
Fig. 1. Tools used in MDWD

case of the active template library (ATL) and Acceleo, which
were reported in six primary studies; AutoCRUD, which was
reported in three primary studies each; and InsSco-gen and
FrameWeb, which were reported in two primary studies each.
In the case of tools mentioned (i.e., ATL, AutoCRUD,
WebRatio, InsSco-gen, and FrameWeb), some of the authors
had authored more than one paper. Fig. 2 presents the names of
the 58 MDWD tools reported as a text cloud.

In addition, 51 tools (64%) were grouped under the
category “Other.” These tools appeared only once in the
primary studies, indicating a clear tendency to make new
proposals instead of improving or evaluating the existing tools.
This is in line with the findings of two previous studies, in
which it was reported that 44% of the research efforts are
focused on creating new tools [27] and that 40% of the papers
propose a new tool [8]. In terms of support and documentation
that facilitates the use of these tools without difficulty, Acceleo,
WebRatio, ArgoUML, AutoCRUD, and ArgoUWE provide
support and documentation on their respective web pages.
Finally, three primary studies did not specify the name of the
tool used.

. AndroMDA
Dynamic code generator
MDD-FSF ' ¢ ?ﬁg@DD web

MIRA \X/ebPSM2Code
Eclipse Modeling FrameworkATOM 3

MoDAS - Plugin para Eclipse

ump'e
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AngularJS

WebMmeL

WebS@ AndroMDA «®  MagicUWE

Fig. 2. Word cloud tools used in MDWD
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B. RQO02. What type of modeling notation is used for tools or
instruments in MDWD?

Among the primary studies, the most reported type of
modeling notation was UML, which was identified in 42 (53%)
studies (Fig. 3), followed by the interaction flow modeling
language (IFML), which was reported in six studies. In the
majority of the primary only one type of notation was reported,
and in two papers reported two types. In addition, in seven
primary studies, the modeling language was not specified. In
agreement with our results, in [31], [33], and [8], it was found
that UML was used for modeling in 50%, 44%, and 41.7% of
the articles, respectively.

Not specified m—— 7
ThingML = 1
ER m1
OWL m|
UML ProfileTransformation =1
SysML m |
CML m1]
SoaML m |
ArgoUML m1
UID m1
WSDL m1
DSL - Model editor 2
UWE mm2
XML mm2
BPMN mmmm 5
WebML w4
IFML o 6
UML

42

0 5 10 15 20 25 30 35 40

Fig. 3. Type of tool modeling notation

C. RQO03. What are the source and target models in a model
transformation comprising the use of MDWD tools?

In terms of the source and target models in a model
transformation (Fig. 4), it was found that 38 (48%) primary
studies used PIM as their source model. This can be attributed
to the fact that PIM can be implemented using UML diagrams
[41], and as indicated in the response to the previous question,
UML was reported in 52% of studies.

Furthermore, 37 primary studies (46%) reported tools that
were intended for implementation at the source code level in a
programming language. This percentage is lower than that
reported in [8], which indicates that in 69% of reported articles,
the target was expressed using a programming language.

In contrast, in 22 primary studies (27%), the model of
origin or destination was not indicated. This result agrees with
the findings of [8], which reported that 27.1% of articles did not
specify the origin or destination model. However, this
significantly differs from the report of [27], in which it was
found that 6% of the articles did not consider any origin or
destination model. These differences can be explained to some
extent by the fact that the papers of [8] and [27] are oriented

30
27

25

11
8
5 4 >
‘ :
0 |

Not CIM to CIM to PIM to CIM to PIM to PSM to
specified PIM PSM PSM Code Code Code

Fig. 4. Reported origin and destination models

toward MDD and RIA respectively, while our study is focused
on MDWD tools.

D. RQO4. Which IDEs are reported for the use of MDWD
tools/instruments?

Among the primary studies, only 32% specified the
integrated development environment (IDE) used for the
implementation of MDWD tools. Among these, 21% of the
studies indicated Eclipse as the most reported IDE. This was
followed by Visual Studio .NET and Android Studio, as
indicated in 3% of the studies (Fig. 5). In contrast, in the SMS
study [27], it was reported that 52% of the tools were developed
using the Eclipse IDE, and 31% did not report the IDE used.
This difference is explained by the fact that the work of [27]
assesses transformation experiences, whereas our study is
focused on tools.

E. RQO05. Which programming languages are indicated for
the use of MDWD tools?

In terms of programming languages (Fig. 6a), 29% of the
primary studies reported that the MDWD tools generated code

Other
5%

u Eclipse
21%

" Visual
Studio .Net
/ 3%
‘—ﬂ B Android
Studio
B Not specified 3%
68%

Fig. 5. IDE used for MDWD tool applications
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from the Java programming language. Furthermore, in five
studies published in the last 4 years (Fig. 6b), it was reported
that the generated code was from Javascript, which may have
been a result of the emergence of new frameworks
incorporating Javascript. In related works, it was observed in
[32], that MDD models produced significant portions of the
code in languages such as Java, C++, and C.

Finally, 40% of the primary studies did not specify the
programming language generated. This finding is related to
some extent to the fact that transformation to source code is not
always performed.

F. RQO6. What are the benefits of developing MDWD-based
applications?

In terms of the benefits of using MDWD (Fig. 7), among
the primary studies, 12 highlighted an increase in developer
productivity, and 11 indicated a decrease in development time.
This is in line with the findings of [33] of (a) increased
productivity, (b) decreased development time, and (c) code
generation facilitating reusability, validation, and compliance
with requirements. In addition, 48% (38) of studies did not
specify any benefits, and four primary studies reported code

(a)
5
Java [ 3

4

Javaseript - 7 3

pur [ 5 2

1

c+ Il \

0 —</—
0 10 20 30 2003 2005

generation as a benefit, thus quantifying the benefit as the
percentage of the code produced in the entire system, which was
cited as 87% in [42] and 39% in [43].

G. RQO7. What are the issues and challenges of adopting
MDWD for application development?

Among the primary studies, only 21 articles reported one
or more problems or challenges in adopting MDWD, as shown
in Fig. 8. Among these, 14% stated that the tools require further
evaluation, and 19% indicated that the tools should be used in
more complex projects. Others reported the issues that the
results of using the tools cannot be generalized and that MDWD
tools are difficult to use in the beginning. Similarly, in [27], it
was highlighted that the tools required more evaluation; the
tools were required to be applied in more complex projects, and
there was a lack of documentation or manuals to facilitate tool
usage.

H. RQO08. What are the main domains/areas where MDWD is
frequently practiced?

In terms of the domains or areas identified in the primary
studies, only 31% of the cases reported the domain. Among

(b)

L INAN

2007 2009 2011 2013 2015 2017 2019 2021 2023

—e—Java —e—Javascript —e—PHP Cif

Fig. 6. Programming languages generated using MDWD tools: (a) cumulative to date and (b) annual evolution
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Reduced learning curve [N 5
Code generation [N 5
Reduced development time [N | |
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Fig. 7. Benefits realized by developing MDWD-based applications
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Fig. 8. Issues and challenges of adopting MDWD for application development
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these (Fig. 9), 11% of the applications were developed for e-
commerce and 8% for the education sector.

In the education sector, MDWD was applied for research
and student training. This agrees with the report in [8], in which
it was found that 64% of articles presented and developed
examples for academic purposes. In the case of the business and
industry sector [31], 16% of the articles reported MDWD tools
as part of case studies.

Not specified
69%

Geographical
information
systems

1%

Agriculture

E-commerce
11%

Financial
o

1% sector
4%

Fig. 9. Domains/areas wherein MDWD is frequently practiced

I.  RQO9. How has research on MDWD tools evolved?

The evolution of articles on MDWD tools, as shown in Fig.
10, remained stable from 2003 to 2023, with an average of 3.8
articles per year. The publications in conferences and journals
exhibited a similar trend. This level of publication is consistent
with that reported in [31] and corresponds with the period of
2013-2018. In our study, we calculated an average of 3.5
articles per year, thus confirming the validity of MDWD as a
research domain.

V1. CONCLUSIONS

In this study, an SMS was conducted on tools for
developing web applications using the MDD paradigm. For
this, 1,654 articles were obtained from relevant databases, and
79 primary studies were selected at the end of the process.

Based on the data obtained from the primary studies, nine
research questions posed could be answered. The reported
research interest in MDWD tools included the period from 2003
to date, and it was verified that this is an active research subject
to date. In [2], it was noted that the interest in the MDD
approach increased steadily in the period from 2005-2019.

Among the primary studies, the majority of the identified
works reported tools only once (65%) with no single tool
predominating in the reviewed papers. In addition, 4% of the
studies did not refer to a particular tool by name because they
were focused on explaining the technical component (academic
purposes) or developing a tool with a specific purpose for their
research. Finally, 32% of the studies referred to one of the seven
MDWD tools considered.

In terms of the modeling language, transformation, IDE,
and programming language used, the findings indicated that (a)
UML (53%) was widely used as a notation for modeling; (b)
48% of studies relied on PIM as their source model, and
coincidentally, 46% reported that the target model was the
source code of some programming language; (c) Eclipse (21%)
was the most reported IDE among the primary studies; and (d)
Java (29%) was the most used programming language.
However, other IDEs and programming languages were
reported as alternatives by researchers.

The primary benefits included code generation and
increased developer productivity, while the most reported
challenges were conducting evaluations on MDWD tools and
using these tools in more complex projects. According to the
primary studies, the areas wherein MDWD tools were used
mainly included e-commerce and education.

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
——Conference ——Journal ——Total

Fig. 10. Evolution of papers (publications per year)
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The results of this research show that there exist
opportunities for further research in terms of different aspects
of MDWD tools from a technical perspective, such as their
applicability in different contexts as well as their economic
implications within the software industry.
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