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Abstract

Model Transformations (MT) are a central element of Model-Driven Engineering (MDE)
methods. As MT adoption increases in both industry and academia, there is a growing need
for systematic software engineering practices, particularly in Requirements Engineering
(RE) for MT development.

This paper investigates the state of RE in MT through two complementary empirical
studies: semi-structured interviews with industry practitioners and a systematic literature
review (SLR) analyzing published transformation cases. Both studies address the same
research questions but differ in the populations they cover. The interviews focus on indus-
trial settings, while the SLR reviews published work, the majority of which comes from
academic sources. Our findings reveal that the RE processes used in MT development
tend to be largely informal and lack structured methodologies. While some RE techniques
such as prototyping and scenario-based generalization are used, they are typically applied
in an ad-hoc manner based on personal experience rather than through a well-defined RE
framework.

Our studies highlight challenges in stakeholder engagement in MT RE, particularly
limited access to stakeholders, which restricts the effective application of RE techniques.
Furthermore, our analysis identifies a predominant focus on MT implementation, with lim-
ited MT specification and systematic RE activities, which often leads to requirements being
implicitly defined rather than explicitly documented. Despite these shared findings, the in-
terview study and SLR differ in their perspectives: the interview study reflects real-world
industrial constraints on requirements engineering, while the SLR reflects more research-
driven RE practices.

These findings underscore the gap between research and practice in model transforma-
tions, and highlight the need for lightweight, structured RE frameworks tailored to MT
development. Future work should focus on bridging this gap by integrating agile RE tech-
niques with structured methodologies to support flexibility, traceability and stakeholder
collaboration in MT projects.

1 Introduction

In this paper, we describe the results of empirical studies on requirements engineering (RE)
in model transformation (MT) development. Interviews were conducted with industrial and
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academic MT practitioners, and a systematic literature review was conducted. Our aim was to
understand:

1. the current state of practice in requirements engineering for MT;

2. the issues involved in applying RE to MT development; and

3. the appropriate processes and techniques for requirements engineering in this context.

To this end, we need to understand the context in which model transformations are typically
developed and what, if any, requirements engineering techniques are already applied. Gaining
such understanding can help practitioners and researchers determine how existing RE techniques
might be applied or adapted for the specific context of MT development.

1.1 Model Transformations

Transformations are used widely in model-driven engineering (MDE) and model-based devel-
opment (MBD), their uses include migration of models from one language to another such as
in [37], refactoring of models to improve quality such as [27], refinement of models from a
specification to a design, or from design to implementation such as in [6], code generation to
generate program code from models (model-to-text transformations) [10], reverse-engineering
transformations mapping code or other text to models [23], and bidirectional transformations
to synchronise two different models and to maintain their consistency [8]. Transformations
can also be used for data analysis to extract and analyse information from models such as in
[13]. Semantic mapping transformations map a model to a semantic domain to support precise
analysis. An example is the transformation of Unified Modeling Language (UML) to Alloy [7].
Transformations are often categorised as model-to-model (M2M), model-to-text (M2T) or text-
to-model (T2M) depending on whether their inputs/outputs are instance models of a particular
metamodel, or are textual representations such as programs or reports.

It is important to distinguish between model transformation specification languages and
transformation implementation languages, as they serve different roles in the development of
model transformations. Model transformation specification languages define transformation
logic at a high level, typically using a declarative approach that describes what is the intended
relationship between the input and the transformed output without specifying how the trans-
formation is executed. Examples of such languages include Query View Transformation (QVT)
[34], Atlas Transformation Language (ATL) [15], ATOM [43] and MT [20], which allow trans-
formations to be formally specified using structured rules.

Transformation implementation languages, in contrast, encompass both specification and im-
plementation aspects, providing the means to execute transformations. Some, such as QVT Op-
erational [34] and Epsilon Transformation Language (ETL) [18], follow a procedural paradigm,
defining explicit transformation steps. Others, like ATL or UML-RSDS [25], support a hybrid
definition approach, emphasizing rule-based mappings.

1.2 Requirements Engineering

RE is the process of identifying, analysing, documenting and validating the requirements of an
application. This is often considered as only an initial stage of an overall development process,
but it would be more accurate to regard it as an ongoing activity which should be engaged in
during all development stages.

Kotonya et al. [40] have proposed a four-stage process model for the RE process. This
model is widely accepted by researchers and professional experts. In this study, we have used
this model as our template to investigate MT projects. According to this process model, the
following are the most important phases of RE which have to be applied: (i) Domain analysis and
requirements elicitation; (ii) Evaluation and negotiation; (iii) Specification and documentation;
(iv) Validation and verification.
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The initial stage (domain analysis and requirements elicitation) in RE is the process of
obtaining a great deal of knowledge regarding the domain of the current problem, the organi-
zation/company confronting the problem and the existing system that is facing the problem.
Once the required knowledge has been acquired, a draft document could be provided which
would help the system developers to understand the context of the actual problem as well as
to identify the stakeholders’ actual needs and requirements. At the stage of evaluation and
negotiation, it is assumed that the previous stage, requirements elicitation, has been performed
effectively. The evaluation stage considers the consistency and feasibility of the requirements.
Inconsistencies among requirements may exist, the chances of which will increase if the require-
ments have been gathered from multiple different stakeholders. Sometimes, such inconsistencies
could even result in having conflicts between the requirements. Through negotiation between
stakeholders and developers, conflicts and other problems are addressed and resolved. The spec-
ification and documentation phase begins with the specification process, which produces a set
of precise agreed statements of the requirements, assumptions and system properties. Based on
the results of the specification, the requirements specification documentation can be drafted. At
the validation and verification stage, specifications must be analysed. They should be validated
by stakeholders in order to check that the documented requirements accurately express their
actual needs. Also, specifications should be verified in order to check their consistency and
avoid conflicts and omissions. Any potential errors and flaws must be fixed during this phase
and before implementation in order to save cost, effort and time.

1.3 Requirements Engineering for Model Transformations

Similar to any other software applications field, MT development also requires an appropriate
RE process in order to create correct transformation applications. In this section, we introduce
key characteristics of MT development that affect how RE can or should be applied. These are
based on observations from existing literature and known MT practices:

• Unlike mainstream software development, MT development is usually concerned with the
construction of applications to process software models, using specialised MT languages
such as ATL, QVT-R and graph transformation languages. These languages are generally
more declarative, and involve coding at a somewhat higher abstraction level, compared to
mainstream programming languages such as Java, C++, etc., and they contain specialised
constructs to select, create and modify model elements. However MT development often
appears to also follow a traditional ‘code and fix’ process in many cases [38], and many
common coding quality flaws such as code duplication and high coupling also appear in
MT applications [17].

• Transformations are usually structured around transformation rules and sets of rules,
together with auxilliary elements such as helper functions. This differs from the class-
and-method structure typically found in object-oriented programming languages (Java or
C++), and often results in less modularity. Transformation requirements often reflect this
structural aspect, for example, they can be expressed in terms of how particular source
model elements should be mapped to target model or text elements, for example “Each
UML class should be represented as a C struct, with fields for each attribute of the class”
[24].

• MT development is used in MDE to automate a particular process step, such as the gener-
ation of code or documentation from a model, or for the generation of a model of one meta-
model from a model of a different metamodel. As such, the stakeholders of the MT project
may be the developers of the larger MDE project, rather than customers/stakeholders of
the larger project. This complicates the RE process because the MDE project developers
may have misunderstandings of what MT requirements are needed in order to satisfy the
goals of the wider project.
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• The output model of one MT may be used as an input model to another. In such a case
the expectations/assumptions made about the input model by the second transformation
will need to be reflected in the requirements of the first.

In order to achieve any given goal using software (such as in model transformation), having
a scheme in which its requirements have been identified is essential. According to research
on MT development, requirements engineering appears to be a relatively neglected aspect of
model transformation development: the emphasis in transformation development has been upon
implementation in specific transformation languages [9], [26]. The failure to explicitly identify
requirements may result in developed transformations which do not satisfy the needs of the
transformation users. Problems may arise because implicitly-assumed requirements have not
been explicitly stated, or because of insufficient understanding of explicit requirements. It
might be possible to skip the requirements engineering process in small projects and jump
directly into the implementation phase. However it is unlikely to be possible and effective in
large and industrial projects. This paper will provide a comprehensive view of the current state
of RE for MT, and identify how RE for MT can be improved and made more systematic.

An initial version of the interview study was previously published in ICMT 2016. The
current paper extends the survey with three new projects, with revised and more detailed
conclusions, and with a new literature survey (SLR) of the same topic. The nature of MT outputs
whether intermediate artefacts or final deliverables affects stakeholder roles and requirements.
When the output is user facing, direct stakeholder involvement is crucial; for intermediate
outputs, requirements may come from developers. This variation highlights the need for a
systematic RE approach in MT projects. In the following sections, we first review related
work on requirements engineering and model transformation (Section 2). We then present our
research methodology, including the interview study and systematic literature review (Section
3). Section 4 describes the MT projects included in the interview study and summarises their
RE processes and outcomes. Section 5 introduces a theoretical framework for RE in MT,
derived from the interview results. Section 6 presents the findings of the systematic review of
the literature. Section 7 compares the two studies, Section 8 discusses threats to validity, and
Section 9 concludes the article with key findings and directions for future work.

2 Related Work

There has been very limited empirical research into model-transformation development. The
main related studies have been based on MDE in general, such as that of [14, 45], which used
interviews as well as a questionnaire-based survey. The main aim of these studies was to capture
the success and failure factors for MDE based on industry evidence. Their work conducted 22
interviews with MDE practitioners and surveyed over 400 MDE practitioners via a question-
naire. The survey found that some use of MDE is made in a wide range of companies and
industry sectors, however this use tended to be based on Domain-Specific Languages (DSLs)
and modelling of narrow specialised domains. Transformations were used to generate artefacts
from the DSL models, however code generation was not itself a primary benefit of MDE, instead
the benefits came from the ability to abstract system architectures and concepts into models.
The evidence from their research suggests that transformations are often developed based on the
expert knowledge of software developers, to encode and automate previously manual procedures.
It is unclear from this research if a systematic approach or any relevant requirements engineering
techniques (such as observation) are used for the transformation developments. A high degree of
domain knowledge appears essential for the successful construction of the transformations. The
MDE experience research of [33] considered in depth 4 cases of MDE application, but did not
specifically consider the requirements engineering of these cases. One concern of the companies
in [33] was the cost of developing transformations, a factor which could be improved by more
systematic RE for MT. The survey of [29] considers the use of RE in MDE, and concludes that
the use of rigorous techniques for RE in MDE is limited: the majority of surveyed cases did
not have tool support for RE, and in most cases the RE process was not integrated into the
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Survey Period Cases Purpose

[3] 2005–2014 82 Transformation type, outcome
[28] 2000–2016 519 Transformation pattern use
[17] 2000–2019 503 Transformation quality

Table 1: Surveys of model transformations

MDE process. These results are consistent with our own findings for RE use in the more spe-
cialised field of MT development. A more recent general survey of MDE is [2]. This also shows
widespread use of model transformations, but also continuing problems with a lack of adequate
training and tool support for transformation languages, and a lack of systematic development
processes.

Previous large-scale surveys of model transformations include [3], [28] and [17]. The survey [3]
of concrete MT developments analyses 82 MT cases between 2005 and 2014 with regard to their
type and outcomes, but does not specifically consider RE aspects. The survey of [28] analyses
519 transformation cases between 2000 and 2016, with regard to their use of transformation
patterns. They find that only 44% of cases use patterns, although this percentage has increased
over time. There is no consideration of the relation between transformation requirements and
pattern use. The paper [17] surveys 503 transformation cases in four transformation languages,
selected from transformation repositories for these languages. The time span appears to be from
2000 to 2019. They find that only 2% of these cases are industrial cases. Quality requirements
for MT are formulated. Table 1 summarises the previous surveys of model transformations.

The papers [5] and [12] consider the current usage and future prospects for specialised model
transformation languages, they identify that many practitioners prefer to use general-purpose
languages such as Java to write transformations, due to the relatively poor knowledge and tool
support available for MT languages.

There has been limited research on RE techniques for MT. The transML methodology defines
an outline RE approach and methods for the RE of MT [9]. They adopt SysML and scenarios
to analyse and document requirements. The papers [21], [22] define NLP-based techniques
for the formalisation of transformation requirements starting from structured natural language
statements. These researches are the only ones we have identified which provide tools for the
RE of MT, however these tools are at the stage of research prototypes.

3 Research Methodology

This study employs two complementary qualitative research methods to investigate the role of
Requirements Engineering (RE) in Model Transformation (MT) development: a semi-structured
interview study with industry practitioners and a systematic literature review (SLR) analysing
published transformation cases. These methods provide qualitative insights from both industry
professionals and existing academic research, providing a comprehensive understanding of the
topic.

3.1 Methodology of the Interview Study

The first stage of this research followed a qualitative research approach to gain a deeper under-
standing of RE practices in MT development. This helped identify key concepts and challenges
in the field, enabling the formulation of an initial theoretical framework. The study aimed to
explore transformation projects from an RE perspective, focusing on identifying whether and
how RE techniques are applied in MT development and whether the absence of systematic RE
processes causes issues.

To achieve this, we conducted an exploratory interview-based study involving seven expe-
rienced MT practitioners, each with eight to twenty years of experience in MT development.
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The selection criteria were based on their industrial experience and published work in the field.
The participants were independent from the authors, except for projects 4 and 5 (carried out
by author 2). The interviewees discussed ten self-selected projects across various domains, such
as embedded systems, financial applications and software re-engineering.

We employed semi-structured interviews, allowing for flexibility in responses and enabling
spontaneous follow-up questions during discussions. This qualitative approach enabled the iden-
tification of underlying patterns and decision rationales behind the use of RE techniques in MT
development, which are often not captured through quantitative methods. Each interview lasted
between 45 and 60 minutes and was conducted by the first author. The interview prompts used
in this study are available at https://nms.kcl.ac.uk/kevin.lano/reform.pdf.

All participants received a detailed information sheet describing the study and provided
informed consent before participation. The interviews were recorded, transcribed, and themat-
ically analyzed to extract key findings related to the role of RE in MT development.

3.2 Methodology of the Systematic Literature Review (SLR)

To complement the insights gained from the interviews, we conducted a systematic literature
review (SLR) following the methodology proposed by Kitchenham [16]. An SLR is a qualitative
method that provides a structured means to identify, evaluate, and interpret relevant research
sources related to a specific research question, area, or phenomenon of interest.

The SLR process consisted of three main stages, as defined in [16]:

• Planning the Review: We identified the goal for the review and formulated specific
research questions to guide the selection of relevant studies.

• Conducting the Review: We systematically searched relevant digital libraries, including
IEEE Xplore, ACM Digital Library, ScienceDirect, Springer Link, and Google Scholar,
using predefined search queries. The initial search identified 1,884 papers, which were
filtered using inclusion and exclusion criteria, resulting in 262 transformation case studies
for final analysis. Each study was independently labeled and reviewed by one researcher
and then peer-reviewed by another to ensure accuracy. The interviews were conducted by
the first author and transcribed and verified by the second author. The SLR analysis were
collaboratively carried out by all authors, with peer verification performed throughout the
process.

• Reporting the Review: The extracted data was synthesized and analyzed to identify
trends, gaps, and common themes related to RE in MT development. Section 6 provides
further details on the findings.

The SLR evaluated transformation cases based on multiple factors, including the presence or
absence of RE processes, the types of RE techniques used, stakeholder engagement strategies,
and the categorization of transformation requirements. The results were then compared with
findings from the interview study to identify alignments, contradictions, and gaps between
research and industry practice.

3.3 Relationship Between the Two Studies

Although the interviews and the SLR were conducted independently, they serve complementary
roles in understanding the state of RE in MT development. The interview study in Section 5
provided first-hand insights into the real-world challenges faced by MT practitioners, identify-
ing key criteria such as the type of model transformation, RE techniques used, and stakeholder
involvement. These criteria were derived directly from the experiences and challenges reported
by practitioners. In Section 6, the SLR was designed to validate and extend these findings
by decomposing its research question into the same seven criteria as the interview framework
(detailed in Section 6.5) to examine a broader range of academic and industrial studies. Specif-
ically, in Section 6.5, we compared the criteria identified in the interviews with those found in
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the literature. Out of the seven criteria analyzed, three (e.g., type of model transformation,
RE technique, and stakeholder engagement) showed strong alignment between the interview
findings and the SLR results. This overlap shows the potential significance and generalizability
of the criteria identified in Section 5.

Several key themes from the interviews, such as the lack of systematic RE processes, chal-
lenges in stakeholder engagement, and prioritization of implementation over formal RE, were
also observed in the SLR results. However, notable differences exist between academic and
industrial perspectives, emphasizing gaps that future research must address.

This study serves as an initial step in formulating a theory on RE for MT development,
which must be further validated through additional empirical studies. Our approach aligns
with established methods of theory building in software engineering, as discussed by Sjøberg et
al. [39], Wohlin [47], and Stol and Fitzgerald [42].

4 Interview Study on Transformation Development Projects

This section investigates the MT development projects from our interview study, categorising
them based on their development characteristics, project types and transformation goals. The
objective is to identify common RE challenges and patterns across different project types and an-
alyze how these factors influence project success. This classification helps in understanding how
different transformation development approaches align with RE best practices and stakeholder
needs.

4.1 Projects of the Study

All of our interviewees were either the sole developers or the lead developers for these projects.
Each project is categorised according to the MT field that it belongs to. The scale, developers
time and effort for these projects will also be described. Table 2 provides an overview of these
projects.

Regarding project scale, we used the categories (Large, Medium, Small) for the project size,
with the following definitions:

• Large: ≥ 200 rules

• Medium: ≥ 50 rules, < 200 rules

• Small: < 50 rules.

The scale of the interview cases is then shown in Table 2.
In detail, the ten MT development projects considered in this study had the following goals

and contexts:

P1. Automated generation of documentation for international standards: This trans-
formation concerns the generation of standard documentation text from meta-models, to
ensure consistency of the documentation. The source meta-models are large-scale: of the
order of 600 meta-classes. There are one or more transformation rules for each meta-class.
It can be regarded as a code-generation transformation (model-to-text).

P2. Reverse-engineering and re-engineering of banking systems and web-services:
The aim of this project was to build transformations to reverse-engineer models of existing
applications, and to forward-engineer these models to new platforms. The legacy systems
processed by these transformations are very large: the scale of the finance system re-
engineering is approximately three million LOC extracted from 100 million LOC legacy
code, the scale of the web services re-engineering is approximately 15 million LOC. The
re-engineering process must be done in a way that not only reveals the actual functionality
of the system, but also enables further analysis according to system requirements. This
project involved both reverse-engineering and code-generation transformations.
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Table 2: MT projects in interview study with transformation type and scale

Project ID Project Name Type Scale

P1 Automated generation of documentation
for international standards

M2T Large (approximately 600
rules)

P2 Reverse-engineering and re-engineering of
banking systems and web services

M2M, M2T Large (over 1500
transformation rules)

P3 Code generation of embedded software
from DSLs

M2T Large (about 500
transformation rules)

P4 Petri-net to state chart mapping M2M Small (about 20 rules)

P5 Big Data analysis of IMDb M2M Medium (approximately 30
rules)

P6 UML to C++ code generator M2T Large (a few hundred
transformation rules)

P7 Reverse-engineering of a code generator M2M, M2T Small (described as relatively
low scale in interview)

P8 Automation of railway network
engineering

M2M, M2T Large (over 200 entities and
transformation rules)

P9 MDE Platform M2T Large (a substantial MDE
platform)

P10 SOA for insurance M2T, M2M Medium

P3. Code-generation of embedded software from DSLs: Transformations are defined to
map between embedded system DSLs, and from these DSLs to C code. These DSLs are
used by embedded software developers. More than 25 different DSLs are involved. This
is a code-generation case.

P4. Petri-net to statechart mapping: This model transformation maps Petri-net models to
statecharts, in order to analyse the Petri-nets. It involves both refactoring and migration
aspects. The transformation is intended to map large-scale models with thousands of
elements. This is a semantic mapping transformation case.

P5. Big Data analysis of IMDb: The Internet Movie Database (IMDb) can be regarded
as a Big Data case. It has information about the title of movies, name of actors, rating of
movies and actors playing roles in which movies. The model transformation in this case
computes search results for users. For instance, it enables the user to find the pair of actors
with the highest average rating over all the movies in which they have both appeared. For
this type of transformation, the database is regarded as a model while the transformation
is focused on extracting the relevant information. This is a data analysis transformation
case.

P6. UML to C++ code generator: This project involved the construction of a transfor-
mation for the generation of multi-threaded/multi-processor code from UML. The idea of
this project is to generate C++ code as well as providing a run-time layer to support the
generated code. This is a code-generation case.

P7. Reverse-engineering of a code generator: This MT project was an example of re-
engineering of an existing transformation. In this project an existing code-generation
transformation was analysed and re-engineered to improve its functionality. This project
also concerned a code-generation transformation.

P8. Automation of railway network engineering: This project involved using models
and transformations to support railway network design. This is a safety-critical case, with
approximate value of £150,000 per year. The metamodels operated on have about 200
classes. This project involved both analysis and code-generation transformations.
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P9. MDE Platform: This concerns the development of a generative software platform based
on transformations and DSLs. This is a large-scale ongoing project. This project primarily
involved code generation.

P10. SOA for insurance: This project concerned the generation of middleware from DSLs,
for service integration. This is also a code generation case.

Thus 8 of the projects involve code generation, two are analysis projects, one is a reverse-
engineering transformation and one is a semantic mapping.

4.2 Types of Software Projects

Software development projects can be classified into general several categories [44]:

Greenfield vs Brownfield Software can either be built from scratch or it can be built upon
an already existing system which needs to be improved, integrated or extended. In a
greenfield project, the system is completely new, therefore the developers have to entirely
create the system. On the other hand, in brownfield projects, a system already exists but
it has to be further developed and improved. In this case, developers work on the current
system and extend its functionalities.

Customer vs Market Driven Software could be either a solution for a particular type of
client in the market (customer driven) or a solution which would cover the need of a
large percentage of the market (market driven). In customer-driven projects, the software
is designed according to the needs of a specific type of client, whereas in market-driven
projects, a larger scope of solution is considered covering more than just one particular
type of client.

In-House vs Outsourced A project could be regarded as either an in-house project where
it is assigned to a particular organization in order to carry out all the project’s life-cycle
processes or it could be outsourced where it is assigned to different companies according
to different project phases. In an in-house project, one team/company will carry out all
the phases in the project, whereas in an outsourced project, usually once the requirements
have been identified different teams from different companies will carry out the different
phases such as design, implementation, testing, etc.

Single Product vs Product Line The outcome of a project could have only one version
which would satisfy the customer’s need or it could have different versions each of which
would cover particular needs in a large organisation. “In a single-product project, a sin-
gle product version is developed for the target customer(s). In a product-line project, a
product family is developed to cover multiple variants” [44].

Table 3 highlights common trends in MT project types. Most were greenfield and customer-
driven, reflecting a focus on creating tailored solutions for specific organizational needs. All
were in-house and followed a single-product strategy, suggesting that MT development is often
tightly scoped. The inclusion of two academic projects also provides contrast with industrial
practices.

5 Framework for RE in MT

In this section, we analyse the requirements engineering processes and project outcomes of
the interview study projects in detail. We use this analysis to identify key factors in and
distinctive aspects of the RE of model transformations. These aspects include the development
context, stakeholder roles, project methodology and project outcomes. The result is an outline
framework for the RE of MT. We also relate this framework to relevant previous research in
RE and MDE. The analysis was conducted by the first two authors based on inspection of the
interview transcripts.
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Table 3: MT project types in interview study
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P1 ✓ ✓ ✓ ✓ Industrial

P2 ✓ ✓ ✓ ✓ Industrial

P3 ✓ ✓ ✓ ✓ Industrial

P4 ✓ ✓ ✓ ✓ Industrial

P5 ✓ ✓ ✓ ✓ Industrial

P6 ✓ ✓ ✓ ✓ Industrial

P7 ✓ ✓ ✓ ✓ Industrial

P8 ✓ ✓ ✓ ✓ Industrial

P9 ✓ ✓ ✓ ✓ Academic

P10 ✓ ✓ ✓ ✓ Academic

5.1 The Context of MT Development

As we noted in Section 1.3, MT development often occurs as an internal project within a wider
software development project. We found that projects P2, P3, P4, P6, P7, P8, P9 and P10 from
the interview cases are of this kind, although there are also cases where MT development is the
main part of software development (projects P1 and P5).

Therefore, we consider it is useful to differentiate explicitly between properties of an internal
transformation-development project and of the wider project that this is embedded in. For exam-
ple, while most of the containing projects were brownfield projects, most of the transformation-
development projects were greenfield because no previous transformation existed for the specific
purpose required.

In particular, whereas the deliverables of an overall project will be directly used by the project
customers, deliverables from an internal MT project may not be visible to such customers, and
instead are only used by the main project developers. Thus RE processes and artefacts for the
internal project will need to be distinguished from those of the containing project.

5.2 MT Project Stakeholders

In general, the term stakeholder can be defined as an individual or a group of people who either
have an interest in, or an effect upon, the outcome of a given project [36]. It is essential to fully
identify all the stakeholders of the project as an initial step prior to any other action, because
by missing an important group of stakeholders, there is a major risk of missing a whole set of
requirements of the system. In addition, a good participation of stakeholders in the software
development cycle should not only result in a better understanding of the actual problem, but
also help to build the system which is required to satisfy the stakeholders’ needs.

The onion model of project stakeholders (e.g., [1], see Figure 1) has been used to describe
different types of stakeholders and their relation to the system under development. In this
model, stakeholders are categorised into three different types. Operational stakeholders have
a direct interaction with the system. Stakeholders in the containing business area benefit in
some manner from the system. The wider environment area contains stakeholders which have
an effect upon or interest in the system, but only an indirect influence.
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Figure 1: Onion model of stakeholder general relationships [44]

More specifically, sponsors are stakeholders that have the responsibility to pay for the de-
velopment of the product. Customer(s) buy the product. The customer(s) may also be the
end user(s) of the developed product. The normal operators are the people who will eventually
operate and use the developed product. The maintenance operators are the people from which
the maintainability requirements can be discovered. The core development team consists of
developers that are in charge of developing the product. Subject matter experts could consist
of “internal and external consultants, which may include domain analysts, business consultants,
business analysts, or anyone else who has some specialized knowledge of the business subject”
[36].

The onion model is particularly effective because it provides a clear visual representation of
stakeholder relationships, highlighting their varying degrees of influence and interaction from
the core (primary stakeholders) to the outer layers (secondary and tertiary stakeholders). This
layered structure helps us to understand stakeholder dynamics better and identify the key players
essential to a project’s success. While we also considered other models, such as the power-
interest grid [4] and the salience model [32], we opted for the onion model for its straightforward
approach in categorising stakeholders based on their proximity and relevance to the system. Its
visual clarity and simplicity are especially useful in addressing the complex interactions among
stakeholders in our study, ensuring our analysis is focused and comprehensive. Choosing the
onion model over other frameworks aligns with our aim to present a clear, easily understandable
stakeholder analysis that aids in informed decision-making and strategic planning.

We initially used the above general onion model to classify the stakeholders in MT develop-
ment, based on the interview study descriptions. For these MT project cases we can identify
that the core development team consisted of the transformation developers for all of the MT
projects. The customer(s) were represented by personnel who interacted with the transforma-
tion developers in order to explain the problem space and what was needed. The sponsor(s)
were companies which in most cases were also specific customers. For P9, the sponsor was the
software provider, who was developing the software for purchase by prospective customers (MDE
users). Finally, the normal and maintenance operators consisted of the people who were going
to use the result of the transformations as end users. Table 4 presents the sponsors, customers
and the operators of the interview study MT projects.

As discussed earlier, the MT projects that we analysed from the interview-based study are
typically embedded within wider projects. Depending on whether the output of the transforma-
tion is an intermediate product or the final software delivered to users, the roles and influence
of stakeholders vary significantly. For instance, when the MT output is a final product (P6 or
P10), end users directly interact with it, making their requirements critical. In contrast, when
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Table 4: Interview-based study MT stakeholders

Project ID Sponsor and Customer Normal and Maintenance Operator

P1 Technology standards consortium Users of the standards

P2 Financial/Telecom organisations Users of re-engineered systems

P3 Commercial companies Embedded software developers

P4 External customer Users of the produced models

P5 External customer Users searching the data

P6 Government & Defence industries Users of C++ applications

P7 Commercial client Users of the code generator

P8 External customer; parent company Railway engineers and operators

P9 Own company; MDE users Consultants, toolkit customers

P10 Insurance company IT team of company

Figure 2: Onion model of MT stakeholder relationships

the transformation output is an intermediate artefact used by other tools or teams (P1 or P4),
the stakeholders shift towards internal developers or analysts. This variation highlights the need
for a more systematic RE process in MT development, as assumptions about stakeholder roles
and requirements can otherwise be overlooked.

Similarly, the impact of other stakeholders of the containing project (e.g., from the con-
taining business or wider environment) on the transformation development can become more
indirect. Understanding fully the role of these stakeholders in the context of transformation
development seems important for successfully developing requirements engineering techniques
for MT development and will be part of our focus for future work.

As a result of these considerations, we propose the following adapted onion model (Figure 2)
to represent the typical relationships of MT developers and stakeholders for an MT development
embedded in an MDE process.

12



Table 5: Requirements engineering factors in MT projects

Factor Description Examples

System Do-
main

Critical systems need a complete and consistent set of re-
quirements that can be analysed in advance. For business
systems, work can start with an outline of the require-
ments, which are then refined during development.

Projects P2, P3, P6,
P8 concern critical
systems.

Type of De-
velopment
Process

Staged development requires all requirements upfront,
whereas agile allows incremental refinement.

Projects P2, P3,
P8 used an agile
methodology.

Stakeholder
Involve-
ment

Limited stakeholder access can cause misunderstandings,
rework, and project delays. A lack of direct communica-
tion may increase development effort, making require-
ment gathering difficult.

Projects P3, P6 ex-
perienced this issue.

System
Reuse

Generally, the original requirements of reused systems are
not available, so the RE process must reverse-engineer
them from the system [41].

Project P7 experi-
enced this issue.

5.3 Overall Requirements Engineering Process

Requirements engineering (RE) for any particular type of software development involves spe-
cialized aspects, and model transformations are not an exception. Several factors influence
the RE process in MT projects, including the system domain (critical or non-critical), type of
development process (such as agile methods or staged development), stakeholder involvement
and system reuse. Table 5 summarizes these key factors and gives examples from the studied
projects where they impacted on the RE process.

As discussed in Section 5.1 above, MT developments are often auxiliary relative to some
larger software project, they provide infrastructure (e.g., code generators or data migration tools)
that are required by the larger project. Access to stakeholders of the main project may therefore
be limited, even if the task itself is critical (if a code generator is to be used to synthesise safety-
critical application code, then the generator itself is critical). In Projects P3 and P6, stakeholder
access was restricted due to organizational structures and security constraints. Project P3 faced
delays and rework as key stakeholders were external, forcing developers to rely on assumptions
and intermediaries, increasing the risk of misinterpreted requirements. Similarly, in Project
P6, security regulations in government and defense industries limited direct communication,
making requirement elicitation dependent on indirect reports and documentation. This led to
incomplete or unstable requirements, resulting in costly rework. These challenges emphasize the
need for structured stakeholder engagement and alternative RE techniques, such as prototyping
and scenario-based validation, to address access limitations in complex projects.

The relevance of agile development for MT construction deserves further investigation. Be-
cause a wider project may depend on MT functionality being available as soon as possible,
reducing time-to-delivery in such internal MT projects is desirable. In some cases (e.g., projects
P2 and P8) the agile principle of incrementality, to deliver functionality quickly to clients, ap-
peared to be beneficial, whilst in others (e.g., project P3) the agile emphasis on coding conflicted
with the need to commit modelling effort to build and refine precise and stable metamodels which
transformations operate on. Ongoing access to customer representatives during development is
also important for effective use of agile methods, and problems with this access impacted project
P3 in particular.

5.4 Requirements Ambiguity, Infeasibility, Change and Conflicts

In any software development project, infeasible, ambiguous or conflicting requirements may
arise. Requirements change and evolution is also ubiquitous. Requirements may change during
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Table 6: Requirements problems in MT interview study projects

Project ID Problem Response, paraphrased from participant
comments

P1, P2, P3,
P4, P6, P7,
P8

Unrealistic require-
ments

– Implementing “what is needed” rather than
what is wanted
– Implementing “the underlying system”
– Providing customers with an estimated cost
update

P1, P2, P3,
P6, P7, P8

Change of require-
ments

– Agile provides sufficient time via weekly de-
ployments
– Confirming the requirements at the begin-
ning of every iteration
– Charging extra for the additional require-
ment(s)

P1, P2, P3,
P4, P5, P10

Requirements con-
flict

– Resolving the conflict by common sense
– Trade-off amongst the conflicting require-
ments

P2, P3, P4,
P5, P6, P7,
P8

Requirements
uncertainty

– Contacting the stakeholders for clarifica-
tions

the development life cycle due to stakeholder’s change of mind/circumstances, or because of the
introduction of new requirements additional to existing one(s). The requirements engineer may
also fail to initially recognise certain requirements, and these are only added after the omissions
are discovered. Based on our interview study, we identified that transformation developers often
had to deal with requirements modifications, unrealistic and ambiguous requirements and with
conflict amongst requirements. A typical quote from the interview responses was:

“Don’t do what you are told, but always do what is needed” (Interview study par-
ticipant).

In Table 6, we list the MT developer comments from the interview study regarding common
requirements problems that may occur during the MT development.

5.5 RE Process Stages for MT

According to our investigation of the interview cases, the requirements engineering process in
model transformations typically starts with requirements elicitation via an initial meeting with
customers. Their input is central to the process at this stage.

“It is the process and an engagement that starts with the customer” (Interview study
participant).

An online conference may be used for convenience, especially if stakeholders are physically
remote from the development team. Projects P1, P2, P3 and P6 used online conferences.

Customers sometimes have only a very high-level view of what they need the transformation
to achieve. For instance, a customer may only be aware of the language that his/her company
want the code to be generated into or the kind of platform.
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“Stakeholders are not very technical but they know what they need to see out of the
system at the end” (Interview study participant).

Therefore, transformation developers may suggest joint sessions with the stakeholders in
order to gain explicit knowledge about the system. During these sessions interviews and brain-
storming methods are applied to confirm the functional and non-functional requirements and
specifications in more detail. Joint requirements development sessions were used in projects P2
and P10, and specific brainstorming sessions in projects P1, P2 and P6.

Customers often leave it up to the MT developers to flesh out the nature of those high-level
requirements based on their expertise. The task of requirement elicitation and requirements
engineering in general is done by MT developers. Not only are they in charge of implementation,
but also eliciting the requirements is carried out by them as well.

“Stakeholders give high level goals and it is for you to decide how to get there and
what to use” (Interview study participant).

Therefore, initially the customer provides the developers with some high-level goals. Next,
developers decompose the goals into sub requirements and once they have analysed them then
they meet the customers again for a confirmation. Goal decomposition via scenarios was used in
projects P4 and P5. Negotiation over requirements may take place (as in projects P2, P3, P6,
P8 and P10). Once there is an initial confirmed draft of the requirements of the overall system
then the implementation phase is started. During the implementation, at the end of every stage
developers provide prototypes or partial implementations for stakeholders to review.

“It starts with the customer, proof of concept, then taking some code from the
customer and presenting what can be done by prototyping, by a tool which provides
analysis on code” (Interview study participant).

Once the prototype is delivered to the stakeholders, they can raise an issue in case something
is wrong or missing, otherwise the next stage of implementation will start. Prototypes were
very popular amongst almost all the model transformation projects that we analysed, as these
help both developers and stakeholders to understand about the problem space. According to
a participant paraphrased quote, “A good prototype is one which is a subset of the complete
system”. Prototypes were used in projects P1, P2, P3, P4, P5, P6, P8, P9 and P10.

5.6 RE Techniques for MT

There are many methods and techniques proposed by the requirements engineering community,
however selecting an appropriate set of requirements engineering techniques for a project is a
challenging issue. Most of these methods and techniques were designed for a specific purpose and
none cover the entire RE process. Researchers have classified RE techniques and categorised
them according to their characteristics. For instance, Hickey et al. [11] proposed a selection
model of elicitation techniques, and Maiden et al. [31] defined a framework that provides re-
quirements acquisition methods and techniques. According to our interview and SLR study
results, in MT projects, RE techniques are selected and applied primarily based on personal
preference or companies policy rather than on the characteristics and context of a project.

There exist several different requirements engineering techniques from a variety of sources
that can be employed during MT development. Here we present some of those that were more
widely used in the MT interview projects. We have categorised RE techniques into groups of
human communication, knowledge development and requirements documentation.

This classification aligns with established frameworks in the RE field, reflecting essential
aspects of requirements engineering. Human communication techniques ensure effective stake-
holder interaction, vital for accurately capturing requirements, as highlighted by [46]. Knowledge
development, through domain analysis and prototyping, enhances understanding of the prob-
lem domain, supported by [35]. Requirements documentation ensures clarity and traceability,
crucial for project continuity, as emphasized by [36]. This classification is useful because it
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Table 7: RE techniques in interview study MT projects

Category RE Technique Project ID Rationale

Human
communication

Online conference P1, P2, P3, P6 Distribution of stakeholders

Lack of accessibility

Convenience

Brainstorming P1, P2, P6 Enabling both stakeholders and
developers to understand each
other as well as the requirements

Joint require-
ments development
session

P2, P10 Resolving together any issue
which is not clear

Knowledge
development

Categorisation P1, P2, P3, P4, P5,
P6, P7, P10

Identifying functional and non-
functional requirements

Prototypes P1, P2, P3, P4, P5,
P6, P8, P9, P10

Receiving feedback based on the
prototype

Informing the stakeholders of the
progress

Scenarios P4, P5 To decompose the requirements

Identify implications

Negotiation P2, P3, P6, P8, P10 To prioritize the requirements

Identify trade-offs

Requirement
documentation

Diagrams P1, P2, P4, P5, P6,
P7, P8, P9, P10

Providing a general view of the
system

Textual P1, P2, P3, P4, P5,
P6, P7, P8, P9, P10

Presenting the system formally

Providing a contract for stake-
holders

addresses different dimensions of RE, allowing flexibility in technique selection based on the
project’s context and needs, ensuring stakeholder engagement, structured process management,
thorough knowledge integration, and precise documentation.

Ultimately each transformation is unique and the process of choosing these techniques is
highly dependent on the context of the transformation and stakeholder(s). In Table 7 we sum-
marise the RE techniques that were used in the MT development projects from the interview-
based study. In the first column a general category is defined followed by RE techniques and the
MT projects in which they were applied. In the rationale column, the reasons for using specific
techniques are described by interviewees.

5.7 MT Project Outcomes

Project outcomes concern the degree to which the project deliverables meet the actual require-
ments of stakeholders, and the amount of resources required for the development. To represent
the degree of customer satisfaction we use the qualitative scale (None, Low, Moderate, High).
For development effort we use the definitions:

• High: ≥ 2 person years

• Moderate: ≥ 0.5 person years
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• Low: < 0.5 person years

Table 8 summarises the outcomes and key challenges experienced in each of the interview
study projects. The specific outcomes and issues for each project were as follows.

Project 1: There were development problems and additional effort stemming from the com-
plexity and size of the metamodels to be processed. The intent and rationale for certain
UML/OCL constructs needed to be clarified, as these were not clear from the metamodels
or from the existing documentation. The results of the developed transformation have been
adopted by the customer, who had high satisfaction with the transformation.

Project 2: In this project also, development problems arose mainly from the nature of the
transformation input data: large-scale legacy system code, and the effort needed to understand
this code before regenerating a modernised version. There was generally good communication
between the developers/analysts and the customers, and effective negotiation over requirements.
There has been good acceptance of the re-engineering work by customers.

Project 3: The transformation language used (a Java-based syntax tree processor) was too
procedural in style, which made analysis difficult, and in particular obstructed analysis of the
semantic interaction between different transformations (code generators) which may be used
together. The development process used was an agile ‘implement first’ process, with inadequate
documentation. This led to high effort in reworking the translators when errors were discovered.
The customer was unwilling to participate in any structured requirements engineering process,
and some of their requirements were infeasible. For these reasons we categorise the development
effort as High. Not all of the desired customer requirements could be achieved, so we give a
value of Moderate for customer satisfaction here.

Project 4: Although the size of this transformation is quite small (about 20 rules), it has
complex behaviour due to the (under-determined) interactions of the rules, which simultaneously
refactor and translate Petri-Net models to state machines. This made it difficult to verify
correctness properties such as confluence. Many development iterations (over 10) were needed.
The resulting transformation did satisfy all the customer’s functional requirements, but capacity
requirements to handle large models were not fully achieved.

Project 5: This was a relatively small transformation (approximately 30 rules), but with
large-scale data (100MB and larger). Thus we place it in the Medium size category. Many
development iterations (over 10) were needed. The resulting transformation did not satisfy all
of the efficiency requirements, and was not able to process the complete movie database data.
Thus we have given a value of Moderate for customer satisfaction.

Project 6: This case study involved a complex and difficult code generation problem (for
C++ multi-threaded and multi-processor code on multiple platforms). The semantic complexity
of the target language and platforms caused the development effort to be significantly higher
than for other code generators developed by the company. In addition, the complexity of the
resulting generator has hindered its adoption, which has been limited. Thus we give a rating of
Low for customer acceptance in this case.

Project 7: This case involved re-engineering of an existing code generator: extracting its
requirements from its code and then writing a new improved generator to satisfy these require-
ments. The scale of the work was relatively low, and the main difficulties concerned extracting
the requirements and identifying incorrect functionality in the existing translator. The new
translator was accepted by the customer.

Project 8: This case involved the development of transformations to support railway network
design. The scale of the models is relatively large, with over 200 entities and transformation
rules. An agile methodology was followed throughout development, enabling rapid customer
feedback, requirements prioritisation and fast responses to changing requirements. The project
was a success and was accepted by the customer.

Project 9: This is a substantial MDE platform, which is the basis of the company’s business.
The scale is large. An evolutionary and incremental methodology is followed for its development.
The project has been successful, with application of the tools in several commercial projects.

Project 10: This case involved the generation of middleware code from DSLs. The trans-
formations are written partly in Java and partly in a custom MT language. It is of moderate
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Table 8: Outcomes of interview study MT projects

Project Transformation
Scale

Development Ef-
fort

Stakeholders
Satisfaction

Key Challenges

P1 Large Moderate High Complexity of metamodels

P2 Large High: large scale
legacy code process-
ing

High Effort needed to understand
legacy code

P3 Large High: specifications
too procedural,
hard to analyze or
modularize

Moderate Poor communication, inade-
quate RE process, high re-
work effort

P4 Small Low High Complex transformation se-
mantics

P5 Medium Low Moderate MT limitations in processing
large data

P6 Large High: complex and
detailed semantics

Low Lack of end-user involve-
ment, immature MT tools

P7 Medium Low High Reverse engineering issues

P8 Large Moderate High Large-scale models

P9 Large High: complex
functionality

High Needed to consider wide
range of use cases and
prospective customers

P10 Medium High: complex
functionality

High Hybrid 3GL/MT transfor-
mations

scale, although substantial resources were used. The project was a success from the standpoint
of customer satisfaction.

Overall, we can conclude that development problems were encountered due to the scale
of the metamodels (projects P1, P6) or of the models/programs (projects P2, P5) involved
in the transformations. The complexity of metamodels (project P6) and the need to manage
multiple versions of metamodels (project P3) also caused problems. One conclusion that can be
provisionally drawn is that large-scale transformation developments with relatively low levels
of application of requirements engineering tend to have poor outcomes (projects P3, P6). In
contrast, a more detailed RE process can help to counteract the impact of scale (projects P2,
P8).

Challenges included technical problems with the use of MDE and model transformations (P1,
P4, P5, P6), problems related to the RE process, specifically lack of stakeholder involvement
(P3, P6), and problems relating to the difficulty of reverse engineering (P2 and P7).

5.8 MT Project Failures (Interview Study Cases)

As with any software project, an MT development may fully succeed, partially succeed, or
fail. We consider the success and failure to consist of two aspects: (i) the resources and time
consumed by the development; (ii) the level of satisfaction of stakeholders in the delivered
system. A project is a complete failure if it is terminated before delivery, or if the stakeholders
are not satisfied at all by the delivered system. A project is a partial failure if either it consumed
excessive development effort to complete, or if there is moderate or low satisfaction in the
delivered system.

From the interview study, we identified three cases of (partial) project failures. In the terms
of [30], these were a process failure in the case of project P3, where the process cost was excessive;
an interaction failure in the case of project P6, with relatively low uptake of the system, and an
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expectation failure in the case of project P5, with the capacity of the developed transformation
being inadequate to meet expectations.

The causes of these failures correlate with those described in [30]:

• Project P3: The cost of the process was due in part to poor communication with stake-
holders, and to the lack of a systematic process.

• Project P6: The poor uptake seemed in part due to poor communication with the end
users of the transformation and lack of knowledge of what they needed or would use.

• Project P5: The failure was in part due to lack of understanding of the IMDb (inade-
quate requirements elicitation), and also due to technical inadequacy of the selected MT
technology to process big data.

Poor communication with stakeholders is a potential problem in many MT developments due
to the fact that these developments are often internal projects embedded within larger MDE
projects. The MT developers receive requirements from the MDE team, but these may contain
incorrect or incomplete understanding of the complete system requirements. Techniques such as
joint application design (JAD) workshops are recommended by [30] to enable active participation
of end users and other stakeholders in the RE process. Similar issues have also been reported
with the use of domain-specific languages (DSLs), which are often also developed in internal
project contexts and tend to also have deficiencies related to lack of stakeholder involvement in
their construction [19], [48].

Technological deficiencies and problems are also a factor in MT project failure: due to
the relative immaturity and non-standardised nature of MT languages and tools, it may be
infeasible to solve a problem (such as the IMDb case) with MT technologies, or specifica-
tions/implementations in MT languages may be difficult to manage and maintain (project P3).
It may be difficult or impossible to express particular requirements using a MT language. There
is a lack of use of MT specification languages such as ATOM [43] or MT [20], instead MT
developers usually go directly to an implementation in a particular MT language such as ATL,
QVTo, ETL, etc [9]. ATOM and ATL both define model transformations by mapping input pat-
terns to output patterns. However, ATOM is a declarative visual language designed for formal
specification and verification, while ATL is a textual language with procedural semantics, widely
adopted for practical implementation. The validation and verification stage of the RE process
is particularly affected by the lack of MT specification languages and tools for MT analysis and
verification. Due to the immaturity of the MT field, experimental transformation techniques
may also be used in production projects (project P6), resulting in high development effort.

5.9 Summary

By examining the real-world experiences of MT practitioners in substantial MT development
projects, we derived the following outline RE framework for MT projects:

• The context of the transformation needs to be taken into account, i.e., whether it is a stand-
alone MT development, or an internal project within a wider project (Section 5.1). In the
latter case, the roles of stakeholders for the MT project need to be carefully considered,
according to the adapted onion model of Figure 2, and sufficient access to stakeholders
should be supported (Section 5.2). This is particularly important for agile developments
relying upon good communication with customer representatives (Section 5.3).

• Challenges with regard to requirements changes and conflicts arise in MT projects, as in
general software development projects, and need to be managed (Section 5.4). A particular
problem is that MT languages and tools are quite specialised and customers may rely upon
the MT experts to translate general requirements into detailed requirements suitable for
MT implementation (Section 5.5).
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• A range of relevant RE techniques can be used for MT developments, but as yet there
is no systematic selection procedure to guide the adoption of particular techniques. In
Section 5.6 we classify some RE techniques which have been found to be useful in practice.
A thorough RE process would probably use at least one technique from each category
(projects P1, P2, P3, P6, P10 satisfy this criteria).

• Challenges affecting project outcomes and possibly leading to project failures include stake-
holder communication issues, inadequate process management, and technical problems
with MT technologies – especially scalability and maturity issues (Sections 5.7, 5.8).

6 Structured Literature Review (SLR)

To investigate further the issue of RE in MT, and to provide an alternative source of information,
we carried out a literature review of published MT case studies covering the last twenty years
(2004–2023). This provides a broader range of information on the prevalence and application of
RE in MT developments, compared to the interview study. We provide a complete replication
package to enable the easy reproduction of our systematic review. The prepared package that
has been made publicly available1 includes a spreadsheet containing a list of filtered articles,
the classification of primary studies and extracted data.

6.1 Research Question for SLR

The main question which we consider for the SLR is Q1:

“What requirements engineering processes and techniques, if any, have been applied
in model transformation development?”.

The purpose of this question is to investigate the recent and current role of RE in MT. We
aim to collect the current available knowledge regarding MT developments and the role of RE in
these developments. It will also be used to identify any potential gaps in research and practice,
and guide the proposal of solutions and suggestions for further investigations and future work.
We have defined the structure of the SLR according to the PICOC criteria [29]:

• Population: Research papers presenting MT developments and case studies.

• Intervention: RE process and techniques used within MT developments.

• Comparison: Analysis of the current state of RE in MT.

• Outcome: Identification of issues that need addressing in RE for MT.

• Context: MT engineering and development.

6.2 Source Selection

The selection process of relevant and appropriate papers was done via two different paths. An
automatic searching method was used based on the main sources of scientific paper databases
such as: IEEE Xplore, ACM Digital Library, Science Direct, Google Scholar, Wiley Online
Library, and Springer Link were investigated. Moreover a manual search method was also
used in the following representative journals and conferences such as: Transformation Tool
Contest (TTC), Model Driven Engineering Languages and Systems (MODELS), International
Conference on Model Transformation (ICMT), European Conference on Modelling Foundations
and Applications (ECMFA), International Journal on Software and Systems Modeling (SoSyM).
One of the main advantages of applying the manual search was due to the fact that it allows us
to carry out a more in-depth study of some particular works based on specific topics and areas;

1https://tinyurl.com/bdfecw7t
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Table 9: Search terms for selecting relevant research studies

Group Term

A Requirements engineering
Requirements engineering technique

B Model Driven Architecture (MDA)
Model Driven Engineering (MDE)
Model Driven
Model Based
Model

also it can be used as a verification method in order to verify the correctness of the automatic
search method. In accordance with the objectives of this study, two search terms were selected.
Each term has its own set of keywords, and every selected paper must include at least one of
these keywords. Table 9 presents the list of selected search terms in this research.

The following search string is defined to identify the largest number of studies in this domain.

Search String = “Transformation” ∧ (A ∧ B)

We validated the search string using trial searches on Google Scholar to determine if it
discovered certain expected papers.

Backwards and forwards snowballing was applied to the initial selection of papers in order
to achieve completeness in selection.

6.3 Inclusion and Exclusion Criteria

Inclusion and exclusion criteria are considered in this survey for appropriate selection of primary
studies.

• IC1: Papers published between January 2004 and June 2023

• IC2: Publications that describe the techniques/processes for specifying requirements of
MT

• IC3: Publications in peer-reviewed journals, conferences, and workshops

• IC4: Publication in English

• EC1: Publications not written in English

• EC2: Publications before 2004

• EC3: Summary, survey, or review publications

• EC4: Non peer-reviewed publications

• EC5: Publications not focusing on MT

• EC6: Books, web sites, PhD theses, pamphlets, tutorials, duplicate papers, and white
papers.

In this research, we assessed the abstracts, titles, and keywords of papers based on our inclusion
and exclusion criteria. Additionally, in cases where the relevance of a paper was unclear, we
conducted a comprehensive examination of the entire paper.
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Figure 3: Overview of search and selection process

6.4 Applying the SLR Process

We conducted our study selection process iteratively to gather relevant primary studies from
the identified databases. This process involved an initial automatic database search and a
subsequent iterative snowballing-based search. We executed the predefined search queries in
the selection process for each repository, with the aim of identifying relevant articles from the
chosen data sources. The initial pool of studies, comprising 1884 articles, was generated after
collecting all the relevant papers and eliminating duplicates. To further enhance the precision
of article selections, we applied inclusion and exclusion criteria. This activity resulted in the
identification of 254 articles that met all inclusion criteria and did not violate any exclusion
criteria. Snowballing-based search: To guarantee thorough coverage of the study’s extensive
scope, in the ultimate phase of the search process, we employed backward snowballing to examine
the references of the remaining articles and forward snowballing to search for articles that
cited the existing ones, thus broadening our search horizon. By implementing this process,
44 additional articles were identified. We reviewed the full texts of these articles and arrived
at a total of 298 of relevant articles selected in accordance with the predefined inclusion and
exclusion criteria. After a manual screening process that takes into account the title, abstract,
introduction, and conclusion, our final pool consisted of 262 papers. Moreover, through checking
the quality of all the papers the same number of papers are preserved (262). Figure 3 outlines
the process applied in this research.

22



6.5 Information Extraction

We extracted the data and information from the selected SLR papers according to our research
question Q1.

The research question is broken down further into the following specific criteria, based on
the framework elements of Section 4 and Section 5:

1. Category of transformation (mirrors Section 4.1): Transformations can be classified as:
refactorings, migrations, refinements, code generations (model-to-text), semantic map-
pings, bx (bidirectional), text-to-model, data analysis, reactive (defining the response to
events), abstractions and other reverse-engineering transformations.

2. Transformation development process (aligns with Section 5.3): We consider the overall
methodology of the MT projects, e.g., if an agile or MDE process is followed.

3. Type of projects (corresponds to Section 4.2): The classification of the MT software devel-
opment project into greenfield vs brownfield, customer vs market driven, academic versus
industrial, in-house vs outsourced, single product vs product line, as defined in Section
4.2.

4. Stakeholders (matches Section 5.2): We are interested to identify the type of stakeholders
in MT development projects for this SLR, such as end users or software developers, and
how the MT project developers engaged with stakeholders.

5. Requirements engineering techniques and process (reflects Section 5.6): We identify which
RE techniques are used in cases, and whether a systematic and well-organised process is
followed for RE.

6. Requirements category and expression (ties to Section 5.5): We are interested in the cat-
egories of requirements (functional, non-functional, local, global) which are considered in
MT requirements engineering, and the degree to which requirements are explicitly ex-
pressed.

7. MT project outcomes (aligns with Section 5.7): The degree to which requirements were
achieved, and the degree to which stakeholder expectations were satisfied.

6.5.1 Category of Transformation

Considering the SLR cases, the result for the transformation category (criterion 1) shown in
Figure 4 is that about 28.24% of the SLR transformation case studies are refinements, 25.19%
are migrations, 19.47% are refactorings, and 18.32% are code generations. This distribution
reveals that no single transformation type dominates the field, indicating balanced research
attention across different MT applications.

6.5.2 Transformation Development Process

The result for the process of the transformation development project (criterion 2) in the SLR
cases was not very explicit as not many developers explained the scale of the transformation
and the time and effort that they consumed regarding the development in the analysed pa-
pers. Where size information was available, there was a predominance of small cases (66%) or
medium-sized cases (28%). The cases were predominately academic (92%), meaning that most
publications were written by university-affiliated authors. However, 95% of the projects were
customer-driven in the sense that they aimed to solve a practical or externally motivated prob-
lem (e.g., code generation for a specific DSL or system). Importantly, in many of these academic
cases, the customer or stakeholder role was either internal to the research team or inferred rather
than directly involved. Regarding the development approach used (Figure 5), 61% of projects
had no defined development process, 8% used an iterative/incremental approach, 13% used an
MDE methodology for MT development, and 3% used formal methods.
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Figure 4: MT categories of SLR MT cases

Figure 5: Software development methodologies in SLR MT projects
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Table 10: MT development types in SLR cases

Case
Brown-
field

Green-
field

Customer-
driven

Market-
driven

In-
house

Out-
sourced

Single-
product

Product-
line

Academic Industrial

Count 11 251 250 12 254 8 257 5 241 21

Percentage 4.20% 95.80% 95.42% 4.58% 96.95% 3.05% 98.09% 1.91% 91.98% 8.02%

Figure 6: SLR cases: Stakeholders

6.5.3 Type of Projects

The results for the type of development project (criterion 3) in the SLR cases show that 95.80%
of the MT development cases were greenfield, while only 4.20% were refinements or extensions
of existing transformations. About 95.42% of the cases were customer-driven and proposed so-
lutions for a particular type of client, while 4.58% of the cases targeted a wider range of clients
by considering the different possible users who could benefit from the software development.
Most of the cases (96.95%) carried out all the phases of the MT development lifecycle within a
single team, whereas 8 cases (3.05%) followed coordination among teams from different organ-
isations. Nearly all MT development cases (98.09%) developed a single product version, while
the remaining 1.91% released two or three versions. Furthermore, about 91.98% of the MT
development cases were academic, and only 8.02% were industrial. Table 10 summarises this
classification of the MT development types in our SLR.

6.5.4 Stakeholders

Regarding the stakeholders (criterion 4) of the SLR cases, the main stakeholders of the analysed
papers consisted of: 74.43% MDE practitioners, 8.4% domain experts and analysts, 10.69%
system developers, and 11.07% end users (Figure 6). The high proportion of MDE practitioners
as stakeholders validates the model we proposed in Figure 2 for the stakeholders of MT projects.

About 44.66% of the SLR cases used online forums and email as a means of communication
between the developer(s) and the stakeholder(s). In many cases (40.08%) there seemed to be
no attempt made to reach stakeholders, instead the transformation developers made their own
assumptions about the needs of the stakeholders. Direct stakeholder participation in develop-
ment or direct stakeholder consultation took place in only 6.87% of cases. Figure 7 illustrates
the methods employed to interact with the stakeholders.

6.5.5 Requirements Engineering Techniques and Process

Figure 8 depicts the techniques utilized to determine the requirements, revealing a heavy reliance
on problem descriptions and statements (68.32% and 61.83%) compared to other methods. This
suggests most studies adopted a top-down approach where requirements were derived from pre-
defined problem definitions rather than through iterative discovery or stakeholder collaboration.

For the SLR study cases, analysis of the application of RE processes and techniques (cri-
terion 5) throughout the development showed that 69.85% of cases applied some requirements
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Figure 7: SLR cases: Interaction with stakeholders

Figure 8: SLR cases: Finding out what was required

Figure 9: Requirements engineering techniques in SLR MT projects

engineering technique during the development life cycle such as: Domain analysis (30.92%),
semi-formal or formal rule specifications (not in an MT language) 30.92%, prototyping 6.49%,
experimental evaluation (interviews, questionnaire, observation, survey) 22.52%. Information
about the RE technique used by 30.15% of the the cases was not available, according to their
presentation of the cases (Figure 9). Around 52% used UML class diagrams for documentation,
11% used no diagrams, and 5.73% used graphs (Figure 10).
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Figure 10: Diagrams in SLR MT projects

6.5.6 Requirements Category and Expression

In the SLR we endeavoured to find out what types of requirements arose most often in MT
development, and how these differed from the requirements of other (non-MT) applications
(criterion 6).

Figures 11, 12 and 13 show the classifications of the requirements for the SLR MT cases. In
these cases, requirements could generally be classified as either functional and non-functional.
In the SLR, in contrast to the interview study cases, we found that functional MT requirements
were often divided into local and global functional requirements: local requirements express
how individual model elements or small groups of related model elements should be mapped to
elements of another model, or should be refactored in-place. In the case of bidirectional trans-
formations (bx), local correspondence requirements express how elements of one model should
correspond to elements of the other. Global requirements concern properties of source or target
models considered as a whole. Syntactic correctness is the property that the transformation
produces models which conform to the constraints of the target language. Semantic correctness
expresses that necessary semantic properties of the target model relative to the source model
are satisfied. Semantic preservation states that the semantics of the source model are preserved
in the target. Completeness states that all cases that may occur in the source model can be
processed by the transformation.

We found that the most common types of transformation requirement explicitly considered in
the SLR cases are: Local mapping (39.31% of SLR cases), Efficiency (34.35% of cases), Semantic
correctness (28.63%), Syntactic correctness (25.57%) and Completeness (18.32%).

6.5.7 MT Project Outcomes

This section discusses the outcomes of the SLR cases (criterion 7). Figure 14 shows the degree
to which the MT case requirements were achieved by the implementation: for 27.1% of cases
the achievement appears to be low, based on the information reported in the publication. Since
negative results are less likely to be reported, this percentage is likely to be higher in actual
practice. Unfortunately, reasons for project failure were not consistently reported. The most
likely outcome is moderate success (53.44% of cases), with only 15.65% highly successful. Re-
garding stakeholders satisfaction with the results (Figure 15), there is only definite information
in 24.81% of the surveyed cases. Of these, 1.53% report low satisfaction, 18.7% moderate sat-
isfaction and 4.20% high satisfaction. Overall, the picture obtained from the SLR cases shows
incomplete achievement of requirements and only moderate success in achieving stakeholder
satisfaction. These results may derive in part from the continuing technological problems and
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Figure 11: SLR MT project local functional requirements

Figure 12: SLR MT project global functional requirements

Figure 13: SLR MT project non-functional requirements28



Figure 14: Requirements achievement in
SLR projects

Figure 15: Stakeholder’s satisfaction in SLR
projects

deficiencies that have been identified in MT languages and tools [5], [12].

7 Comparison of Findings: Interview Study and SLR

This paper has utilized two complementary research methods: semi-structured interviews with
model transformation (MT) practitioners and a systematic literature review (SLR) analyzing
published MT case studies. While both approaches investigate the role of requirements engi-
neering (RE) in MT development, they offer distinct perspectives that contribute to a more
comprehensive understanding of the field.

Findings from the interview study and SLR exhibit strong alignment in key areas. Both
sources indicate that RE practices in MT development are informal and lack structured method-
ologies. Additionally, stakeholder engagement challenges are evident in both studies. There was
a wider range of transformation categories in the SLR compared to the interview cases, and a
more even distribution of categories. Interview participants frequently cited limited access to
stakeholders, a constraint also reflected in the SLR, where many studies inferred transformation
requirements without direct consultation with stakeholders. Furthermore, both studies highlight
a primary focus on implementation rather than formal RE processes, with most MT projects
prioritizing coding and transformation development. The studies also indicate a preference for
agile or informal requirements gathering techniques, particularly prototyping and iterative re-
finements, which aligns with SLR findings that example-driven specifications are more commonly
used than formal requirement definitions.

Despite these similarities, several notable differences are identified. A key distinction lies
in the populations covered by the two studies, rather than in their research aims. Both the
interview study and the SLR sought to investigate RE practices in MT development, but while
the interviews focused on industrial practitioners, the SLR predominantly identified academic
case studies, which is a reflection of what is available in the published literature, rather than
a deliberate focus. This reflects a gap in how RE is applied in practice versus how it is often
represented in academic studies. While many of these are customer-driven in motivation, the
customers are often idealized or abstracted, that is, they are not real-world stakeholders engaged
in the RE process, but rather hypothetical roles or proxy users defined by the researchers. Figure
6 shows that MDE practitioners are the primary stakeholders, which typically refers to transfor-
mation developers or researchers who implement and evaluate the MT, not necessarily external
users or paying customers. This highlights the gap between academic design assumptions and
industrial stakeholder dynamics. Another divergence is observed in stakeholder engagement. In
the interview study, stakeholders are primarily MT developers and project managers embedded
within larger model-driven engineering (MDE) teams, whereas in the SLR, many studies assume
idealized or hypothetical stakeholders, often overlooking practical constraints. Additionally, dif-
ferences arise in requirements categorization. Findings from the interview study indicate that
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MT developers frequently deal with implicit, evolving, or unstated requirements, whereas the
SLR cases categorize requirements explicitly into functional, non-functional, local and global
classifications.

The comparison highlights several key areas that require further investigation. First, there is
a clear need to bridge the research-practice divide. Although academic studies are often expected
to include well-defined requirements, our findings show that many published MT projects lack
evidence of systematic RE techniques or software development methodologies (see Figures 5 and
9). This suggests a gap between academic expectations and actual practice, even in scholarly
case studies. Second, the findings emphasize the necessity for standardized RE practices in MT.
The absence of formalized RE methodologies in industry suggests that practical, lightweight
RE frameworks tailored to MT development should be explored. Lastly, enhancing stakeholder
collaboration remains a critical challenge. Adopting structured approaches, such as joint appli-
cation development (JAD) workshops or stakeholder-driven requirement elicitation techniques,
could address communication barriers and improve the RE process in MT development. The
integration of insights from both research methods is essential to developing a robust, struc-
tured RE framework that aligns with both academic research and industrial practice in MT
development.

8 Threats to Validity

This section discusses potential threats that might affect the validity of our interview study and
SLR.

Threats to the validity of conclusions drawn from the interviews include: (i) the possibility
that the interviewees and examined cases are not representative of transformation developers
and projects; (ii) the risk that interviewees selected unrepresentative projects; (iii) the poten-
tial for interview questions to elicit a particular response; (iv) the chance that interviewees
presented inaccurate information, particularly by exaggerating project success; and (v) poten-
tial response bias, where participants may provide socially desirable answers rather than fully
objective responses.

To mitigate (i), some literature review was conducted to identify experts with relevant experi-
ence in model transformation development. This ensured representation across diverse domains
such as embedded systems, finance, re-engineering, transport, defense, and business. Of 15 can-
didates approached, 7 agreed to participate, covering a wide range of transformation projects.
Regarding (ii) and (iv), the study includes both successful and problematic projects, such as
projects 3 and 6, to provide a balanced assessment. To address (iii), the interview questionnaire
and methodology were reviewed and approved by an expert committee for ethical compliance.

To mitigate (v) response bias, participants were informed that their responses would be
anonymized and used solely for research purposes. Additionally, open-ended questions were
employed to allow participants to express their experiences without leading prompts.

A further consideration is that projects 4 and 5 were carried out by one of the authors,
introducing a potential risk of bias. To reduce this risk, responses from these projects were
reviewed independently by multiple researchers to ensure objectivity, and their findings were not
disproportionately weighted in deriving overall conclusions. While these measures help mitigate
bias, some subjectivity may remain, and future studies could incorporate external validation.

For the SLR study, a limitation is that case study papers may not fully describe the RE pro-
cesses applied during transformation development. In many cases, only high-level information is
provided about transformation details, making it necessary to assume that if RE or development
processes were not mentioned, they were likely not used. Additionally, factors such as publica-
tion bias, data extraction errors, and misunderstandings may affect validity [16]. To mitigate
this, credible digital libraries were used for source selection, and a double-review process was
applied, where each selected paper was independently assessed by two researchers to minimize
inaccuracies. Additionally, while the study focused primarily on peer-reviewed literature in the
SLR, the exclusion of grey literature is a limitation. Grey literature, such as industry reports and
unpublished case studies, may provide additional insights into RE practices in MT development.
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However, it was excluded due to concerns regarding limited accessibility, and potential bias to-
ward successful projects. Future research should explore methods to systematically incorporate
grey literature while ensuring rigor and reliability.

9 Conclusions

This study explored the role of requirements engineering (RE) in model transformation (MT)
development through two complementary research methods: a semi-structured interview study
with industry practitioners and a systematic literature review (SLR) of published transformation
cases. While conducted independently, the interview study identified key challenges in industrial
RE practices, which informed the focus areas of the SLR.

Findings from both studies highlight three major aspects of RE in MT development: (1) the
informal nature of RE practices and the predominant focus on implementation over structured
RE processes, (2) challenges in stakeholder engagement and limited access to domain experts,
and (3) the difference between research and industrial practice in how RE is applied. Most
MT projects are developed in greenfield settings, yet they are often embedded within larger
model-driven engineering (MDE) projects, which affects stakeholder identification and commu-
nication. The difference between research and practice may arise from MT being a relatively
young technology in industrial practice and its highly variable application domains.

One of the most significant challenges in RE for MT development is the lack of a system-
atic RE process. Although some RE techniques—such as prototyping, scenario analysis, and
example-based generalization—are used, they are often applied in an ad-hoc manner based on
personal experience rather than a well-defined methodology. This lack of structure is further
compounded by restricted access to stakeholders, limiting the applicability of traditional RE
techniques such as interviews and brainstorming. Additionally, the absence of clear guidelines
for adapting RE techniques to MT-specific needs hinders practitioners from effectively managing
transformation requirements.

Despite similarities in the issues identified by both studies, key differences emerge between
them. The interview study reflects real-world industrial constraints, including evolving require-
ments and time pressures, whereas the SLR presents a more structured, research-driven per-
spective, often assuming well-defined requirements. Additionally, while industrial practitioners
frequently work with implicit and evolving requirements, expressed from a stakeholder perspec-
tive, the SLR cases predominantly use fixed sets of requirements, categorized into functional,
non-functional, local and global classifications, with a more technical orientation. This contrast
highlights a fundamental gap between academic research and industrial needs.

The study identified four key obstacles to effective RE in MT development:

• Restricted access to stakeholders, which limits the applicability of structured RE tech-
niques.

• The lack of standardized RE methods tailored to MT, leading to ad-hoc practices.

• An absence of systematic processes for capturing and managing transformation require-
ments.

• A gap between research and industry, where structured RE techniques proposed in academia
are not readily adopted in practice.

These findings emphasize the need for lightweight, practical RE frameworks that balance
the flexibility required in industry with the structure provided in academic methodologies. The
results also highlight the importance of strategies to manage requirements changes and conflicts,
as well as a better understanding of the unique nature of MT requirements, including both local
and global functional and non-functional aspects.

To address potential response bias in interviews, several measures were taken. Participants
were informed that their responses would be anonymized to encourage honesty, and open-ended
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questions were used to minimize leading prompts. Furthermore, the study included practitioners
from diverse domains to reduce the risk of a single perspective dominating the findings.

Future work should focus on bridging the gap between academic and industrial practice by
integrating agile and formal RE techniques in a way that is both practical and adaptable to
industrial constraints. In parallel, we have started work on defining a more systematic process
for requirements engineering in the context of MT development [49]. By combining insights
from both the interview study and SLR, this research lays the groundwork for refining RE
methodologies in MT development, ultimately fostering better alignment between academic
advancements and industrial practices.
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to realize higher-order model transformations. ICSOFT 2013 - Proceed-
ings of the 8th International Joint Conference on Software Technologies,
10(3):536–541, 2013.

[P36] Runde M Buck T. Refactoring java programs using spoon. CEUR
Workshop Proceedings, 1431:98–103, 2015.

32



[P37] Alexandru Burdusel and Steen Zschaler. Model optimisation for feature-
class allocation using MDEOptimiser: A TTC 2016 submission. CEUR
Workshop Proceedings, 1758:33–38, 2016.

[P38] Luna M M Cabot J. Analyzing flowgraphs with atl. Transformation
Tool Contest, 2011.

[P39] Luna M M Cabot J. Solving the flowgraphs case with eclectic. Trans-
formation Tool Contest, 2011.

[P40] Javier Luis Cánovas Izquierdo and Jesús Garćıa Molina. Extracting mod-
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Mario Piattini. Implementing business process recovery patterns through
QVT transformations. Lecture Notes in Computer Science (including
subseries Lecture Notes in Artificial Intelligence and Lecture Notes in
Bioinformatics), 6142 LNCS(1):168–183, 2010.

46



[P208] Tirdad Rahmani, Daniel Oberle, and Marco Dahms. An adjustable
transformation from owl to ecore. International Conference on Model
Driven Engineering Languages and Systems, 6(2):133–149, 2010.

[P209] Struyf T Rensink A. Class diagram restructuring with groove. Trans-
formation Tool Contest, 2006.

[P210] Emanuel Montero Reyno and José Carśı Cubel. Automatic prototyp-
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