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Model-Driven Engineering (MDE) offers significant benefits but faces usability challenges, particularly in
developing intuitive modeling interfaces. Most existing tools rely on textual or tree-based editors, which
are often difficult for non-technical users to navigate. Creating custom graphical editors based on existing
metamodels, a common way to describe modeling environments and languages, typically requires substantial
manual effort and specialized knowledge of complex frameworks such as Sirius. These hurdles limit the broader
adoption of MDE among developers and domain experts. Consequently, there is an increasing demand for
automated, flexible, and user-friendly approaches to generating interfaces that can make MDE more accessible
and practical across various domains.

In this work, we present a method for automatically generating a visual modeling environment from existing
metamodels. Based on this method, we devised Model2Block, a command-line application that automatically
generates block-based visual languages from metamodels defined using the Ecore language. The tool analyzes
an input metamodel and produces a corresponding set of blocks, which are then integrated into a web-based
environment. This enables users to visually build models using blocks that represent valid model elements.

We present an applicability study demonstrating that our method and tool were successfully applied to
a publicly available dataset containing more than 50 metamodels. Moreover, we present a case study of a
concrete modeling environment we generated from a metamodel, achieving, in this particular case, higher
usability and lower workload than an existing tool.
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1 Introduction
Model-Driven Engineering (MDE) is a software development paradigm in which high-level models
constitute the central artifacts of the development process. By abstracting system structure and
behavior into models, MDE seeks to improve productivity, maintainability, and portability across
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platforms. Central to this paradigm are metamodels, which formally define the syntax and semantics
of domain-specific modeling languages using frameworks such as Ecore [46]. Tooling support,
notably the Eclipse Modeling Framework (EMF) [46] and model-to-text transformation tools such as
Acceleo [42], enables automation across the development lifecycle and underpins many industrial
MDE practices [13].
From a Human–Computer Interaction (HCI) perspective, however, the effectiveness of MDE

is tightly coupled to the usability of its modeling environments. Despite their expressive power,
most MDE tools expose models through textual syntaxes or tree-based editors that require users to
navigate abstract structures and strict constraints. These interaction styles are often unintuitive,
cognitively demanding, and error-prone, particularly for domain experts without a (strong) software
engineering background [6]. As a result, a significant gap emerges between the theoretical benefits of
MDE and its practical adoption, rooted not in modeling capabilities but in limitations of interaction
design.
Designing custom graphical editors that better align with users’ mental models can mitigate

these issues, but doing so typically requires substantial manual effort and specialized technical
expertise. Frameworks such as Sirius [23] offer powerful capabilities for defining visual syntaxes,
yet they introduce additional complexity in terms of configuration, maintenance, and learning
curve. From an HCI standpoint, this creates a tension between flexibility and usability: while MDE
promotes abstraction and automation, the tools for interacting with models often remain rigid and
developer-centric. Consequently, there is a strong need for automated and model-driven approaches
to user interface (UI) generation that place interaction design concerns—such as learnability, error
prevention, and cognitive load—at the forefront.

Within this context, block-based visual languages [7] provide a compelling interaction paradigm
for MDE environments. Blocks represent modeling constructs as tangible visual elements that can
be composed through direct manipulation. Their constrained, snap-together behavior implicitly
enforces metamodel rules, reducing syntactic errors and providing immediate feedback to users.
Such environments have demonstrated strong usability benefits in educational settings, such as
Scratch and Code.org [43], as well as in domain-specific configuration tasks, such as workflow
modeling and IoT systems [49]. Google’s Blockly framework [25] illustrates how language constructs
can be defined declaratively and mapped to interactive visual components, in a way conceptually
similar to defining a metamodel in MDE.
From an HCI-informed MDE perspective, block-based modeling environments exemplify how

visual representations can bridge the gap between formal models and user cognition. By embedding
domain constraints directly into the interaction mechanisms, they shift complexity from the
user to the tool, aligning with the principle of designing notations optimized for communication
and problem solving [41]. Integrating such interaction paradigms into model-driven engineering
workflows opens promising directions for making MDE more accessible, especially for domain
experts, while preserving the rigor and automation benefits that characterize the paradigm.

With this work, we intend to answer the following research questions (RQs):

RQ1: How can we automatically generate block-based visual modeling environments
from metamodels?

Our objective is to define a reusable and automated approach that captures the structure and
constraints of a modeling language, expressed as a metamodel, within a generated modeling
environment with a concrete syntax that uses blocks as constructs.
Building on Blockly, we propose an approach to automatically generate graphical user inter-

faces from existing metamodels. Our work leverages block-based programming to produce visual
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modeling environments from metamodel specifications. By exploiting Blockly’s flexibility, we auto-
matically generate visual blocks representing the elements of the target metamodel and assemble
them into a complete web-based modeling interface. This interface enables users to construct
models that conform to the metamodel without requiring textual syntax or prior knowledge of
modeling frameworks, improving both accessibility and usability.

Our method supports the generation of robust, user-friendly interfaces without requiring modifi-
cations to the original metamodels, thereby preserving the integrity of existing domain models. An
example of a generated interface is shown in Figure 3.

We describe this process in Section 4 and present a prototype implementation in Section 5. Our
hypothesis is that an automated algorithmic approach can be designed and implemented to parse
and map all concepts represented in Ecore metamodels into a compatible Blockly representation.
RQ2: Can the method we devised be used to generate correct visual modeling environ-

ments from arbitrary metamodels?
We evaluate the applicability of our approach and the correctness of the generated environment

by applying our prototype tool to an independent dataset containing 53 metamodels [9], examining
the completeness of the generated blocks, and testing their integration in a web-based environment.
This evaluation is discussed in Section 6.

This study shows that our proposal can consistently produce a modeling environment for a given
metamodel without manual intervention.
RQ3: Can the generated visual modeling environments improve usability?
Finally, to evaluate the usability of the generated environments, we conducted a user study in

which participants compared the usability and workload of a generated environment for a particular
domain with those of existing tools. A summary of this study is presented in Section 7.

As shown, the participants rated the environment generated by our approach (using the System
Usability Scale (SUS) [14]) as more user-friendly than the most commonly used tool. They also felt
the workload of the generated interface was lower.

Based on the answers to our RQs, our paper provides the following contributions:
(1) A method for automatically generating visual modeling environments for any given modeling

language.
(2) A mapping between the Ecore language and a block-based environment.
(3) A prototype tool termed Model2Block that can automatically produce a visual modeling

environment based on a given metamodel.
In the remainder of this paper, we present related work in Section 3 and our conclusions and

future work in Section 9.

2 Motivational Example
In this section, we provide a running example to showcase our approach.
Consider the metamodel illustrated in Figure 1, which represents a language for constructing

continuous integration and delivery (CI/CD) pipelines [28], that is, scripts that aid software engi-
neers in developing and delivering software faster and reliably [33]. Simplistically, and ignoring
part of the model/language, a pipeline is formed by a set of jobs that, in turn, execute a set of
commands within a tool (e.g., an operating system). These concepts are represented by the classes
surrounded in red dashed lines.

To create CI/CD pipelines using this language, one needs to build a model in a modeling environ-
ment. This can be done using a concrete syntax (textual or graphical) specifically designed for the
purpose. However, to define such a syntax is a manual, time-consuming task. Another possibility is
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Fig. 1. Example of a metamodel defining a language for creating CI/CD pipelines.

to use a general-purpose modeling framework (e.g., EMF), which provides tree- or tabular-based
model visualizations. However, these general environments have a technical look-and-feel, may
not be the most suitable for domain experts, and often require the use of a heavy-duty modeling
environment.
On the other hand, block-based languages [7] have been used quite successfully, particularly

in environments where users often lack a computer science background, as shown in Section 3.
Thus, if we consider that each concept in the language, i.e., each class in the metamodel, can be
represented by a block, and that the relations between these classes can be encoded by how these
blocks fit together, we can define a visual language to create models of this language.
Suppose we use the general block shown in Figure 2 to represent a class 𝐶 with attributes 𝑎1

and 𝑎2. We would then create a concrete block for the class Pipeline, another for Job, and so on.
Figure 3.A shows the Pipeline and Job blocks.

Fig. 2. A generic block to construct a block-based concrete syntax for a metamodel-defined language.

Block-based languages also allow us to define how blocks can be put together. Since we know a
pipeline is composed of jobs, we can define this constraint in the block-based language. Figure 3.B
shows a concrete pipeline being created. It consists of a Pipeline named default_pipeline, which
in turn consists of a Job named build. In fact, these blocks cannot be used in any other way. This
ensures the models created follow the rules established by the metamodel.
This environment was, in fact, automatically generated by our approach and the prototype we

implemented. Moreover, it includes other features, as we shall discuss in Section 5.3.

3 Related Work
3.1 Modeling Environments and Frameworks
Model-driven engineering has a long tradition of employing graphical environments to bring
domain experts closer to formal modeling, as evidenced by comprehensive surveys of MDE tool
support [45]. Early environments such as the Eclipse Graphical Modeling Framework (GMF) [22]
and Eclipse Sirius [23] provided rich drag-and-drop editors tailored to Ecore metamodels, but
required significant manual effort in palette and tooling configuration [24]. On the other hand, we
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Fig. 3. Web-based visual environment showcasing the blocks generated from CI/CD metamodel.

propose a fully automated tool for generating visual languages that have proven successful among
their users.
Research on variability injection demonstrates how EMF/Sirius environments can be automat-

ically adapted to support visual product line engineering [26]. By contrast, our focus lies on
block-based visualization approaches rather than extending existing Sirius-based editors.

Blended metamodeling has demonstrated that combining graphical and natural-language inputs
can foster collaboration between technical and non-technical stakeholders, easing communication
and co-design [3]. However, these frameworks primarily focus on the definition of the languages,
that is, the metamodels, rather than on the concrete syntax for domain experts, which is the goal
of our work.
Several cloud-based platforms try to minimize the effort of modelers. MDENet simplifies this

learning curve for MDE newcomers by offering an online playground for exploring MDE con-
cepts without requiring tool installation [51]. Jjodel is a reflective platform addressing cognitive
complexity and usability challenges commonly encountered in MDE tools. It empowers language
designers to define and refine domain-specific languages with minimal overhead. By leveraging
modern front-end technologies, Jjodel bridges theoretical MDE research and practical applications,
providing an accessible solution for diverse modeling contexts [15]. Dandelion is another example
of a cloud-native, scalable graphical modeling platform built on MDE principles. It enables har-
monized metamodel representations and lazy model loading to support industrial-scale low-code
development [39]. BESSER is yet another online framework for defining models. It is based on the
Unified Modeling Language (UML) [16] and supports multiple model types, ranging from structural
(similar to UML class diagrams) to state machines [16]. However, these frameworks focus on the
modelers and their needs, which makes them quite interesting for defining and handling models
and metamodels. Unfortunately, they provide little to no support in terms of concrete syntax for
the metamodels/languages defined using them, which is precisely our goal.

3.2 Domain-Specific Visualization and Interaction
Additional approaches emphasize domain-specific visualization and natural interaction modalities.
Bottoni et al. pioneered graph-grammar–based methods for specifying editing and execution
patterns tied to metamodel rules, enabling formal interaction control [11, 12]. Draheim et al.
introduced visual reification, providing intuitive domain-specific visualizations for non-technical
users [20, 21]. However, these approaches still require some manual definition of the concrete
syntax, whilst ours is fully automatic.
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Lumertz et al. developed a graph-based metamodel for modular user interface design [37], propos-
ing a structured approach in which UI components are represented as graph elements to improve
reusability, composability, and consistency across applications. Ziegler et al. extended visualization
to simulation-driven metamodels [50], enabling dynamic visual feedback that supports analysis
and validation of complex system behavior during simulation. López-Jaquero et al. automated
gesture-driven editor generation [38], introducing model-based techniques that transform high-
level specifications into interactive, gesture-enabled editing environments. Domokos and Varró
contributed an SVG-based rendering framework [19], facilitating scalable, platform-independent
visualization of models through vector-based graphical representations. Gebhardt et al. presented
memoSlice, an interactive multi-view visualization tool for high-dimensional metamodels [27],
which supports coordinated views, filtering, and slicing to help users explore complex model
structures more effectively. Similarly, Blouin et al.’s Explen uses slicing techniques to support
efficient navigation through large models [10], reducing cognitive load by extracting relevant
submodels and enabling focused analysis of specific concerns within extensive model repositories.
While these works are fundamental for visualizing models and metamodels, especially those of
considerable size, they do not provide solutions for defining a concrete syntax for creating models
of a metamodel-defined language.

3.3 Usability of Model-Driven User Interfaces
Abrahão et al.’s work explores whether model-driven architecture can improve the usability of user
interfaces generated automatically from high-level models, as we now propose. While existing
approaches support UI generation, they do not explicitly integrate usability engineering into the
development process. By evaluating the usability of the final generated interfaces, the study shows
that identified usability issues can be used to refine platform-independent and platform-specific
models, supporting the idea that usability can be improved through model-based development [1].
Our work relies on generating a concrete syntax for the models, which has proven to produce
languages with high usability. In fact, we also demonstrate this for a case study using our approach.
Aquino et al. evaluate the usability of multi-platform user interfaces generated using model-

driven engineering techniques across different platforms and screen sizes. An experimental study
compares desktop and web interfaces generated from the same models and used on standard, large,
and small displays, measuring satisfaction, effectiveness, and efficiency. Results show that efficiency
is higher on desktop platforms and larger screens, while satisfaction tends to decrease on smaller
displays. The findings highlight the need to enhance model-driven engineering approaches to better
account for platform and device characteristics in order to improve the usability of generated user
interfaces [4]. Although the block-based language we generate can be used on “small” screens
because it runs in a browser, its usability is very unlikely to be good, as it has not been designed
for such environments. It has shown positive results in desktop-like environments, which was our
goal.

3.4 Block-Based Programming Environments
Block-based programming environments such as Blockly [30], Scratch [36], and OpenBlocks [40]
have demonstrated the power of visually structured interfaces to lower entry barriers for novice
users. By replacing textual syntax with modular, snap-together blocks, these systems enhance
accessibility and engagement, and have been successfully applied across domains including linear
programming [18], spreadsheets [34], industrial robotics [48], and Java programming [5]. We build
on these same ideas and principles to create a generic solution for metamodel-based languages.
The case study we present in Section 7 indeed demonstrates promising results.
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3.5 Automated Visual Environment and Interface Generation
Recent work explores automated generation of interactive visual environments and user interfaces
through declarative specifications, learning-based synthesis, and large-scale datasets. Transformer-
based architectures have been proposed to translate visual designs into functional code, reducing
the manual gap between UI mock-ups and implementation artifacts [17]. Complementing this
direction, recent research introduces automated pipelines for large-scale user interface dataset
generation, extracting structured layout and component information from web interfaces to support
AI-enhanced design tools [44]. Large-scale multimodal datasets such as WebCode2M provide real-
world webpage design–code pairs to support hierarchical UI code generation and benchmarking
of design-to-code systems [31]. Such datasets significantly improve the scalability and robustness
of automated UI synthesis approaches. Our approach builds on existing and proven interfaces, in
particular block-based ones.

4 From Metamodel Elements to Blocks
One of the main goals of our work is to generate visual modeling environments for existing
model-based languages. The most common way to define such languages is through a metamodel
[13]. Thus, in this section, we define how to map metamodel elements to blocks. It would also
have been possible to adopt a more formal approach to the transformation by defining a dedicated
metamodel for Blockly and then defining model-to-model transformations between each metamodel
and the Blockly metamodel. However, no formal metamodel for Blockly currently exists. Moreover,
developing such ametamodel within the scope of this workwould likely introduce biases comparable
to those arising from directly transforming the original metamodel into a Blockly representation.

Arguably, EMF and its Ecore language form the most used environment for creating metamodels.
Thus, we define this mapping for such kinds of metamodels. Nevertheless, the approach we propose
can be applied to other modeling environments.
To translate Ecore metamodels into a block-based representation, we first extract the model’s

relevant structural elements, including class names, attributes, relationships, and containment
references. Using this information, we systematically generate the corresponding blocks, with each
block type derived directly from its associated class name.

Briefly, each class becomes a block where the class name is used as the block’s label, while class
attributes are represented as field inputs. Containment and relationship references are mapped to
input fields or input statements, depending on their cardinality (e.g., one-to-many relationships
are represented using statement inputs). Finally, we define appropriate connection rules, including
next and previous statements, that reflect the model’s structural semantics. Table 1 presents in
detail the mapping between each Ecore element and the corresponding block feature. In the first
column, we present each supported Ecore element. Currently, we support a subset of all elements,
but, as we shall see in Section 6, it is sufficient to cover a significant amount of metamodels. The
second column details how each element is mapped to a block feature. The third column presents
the visual constructor that is created. To illustrate this process, in the last column we provide an
example of a concrete block for an element of the metamodel presented in Figure 3.
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Table 1. Ecore metamodel to Blockly mapping.

Ecore
Feature

Mapping Details Block Example Block

EClass An EClass, denoted 𝑐, is mapped to a block with
identifier 𝑐. This block interacts with other blocks
by receiving arguments as inputs and representing
relationships through explicit connections. In our ex-
ample, the Pipeline class in the metamodel is mapped
to a block named Pipeline.

EClass with
EReferences
to itself

An EClass named 𝑐 with containment or reference
relationships is represented as a vertically stackable
block capable of containing child blocks. Both con-
nection points are initially empty and are populated
at runtime to represent relationships through block
connections. In our example, the IfThenClass accepts
references corresponding to the blocks that appear
immediately before and after it on the canvas. In
cases where the same object refers to itself, those
validations would be normaly defined in the OCL do-
main, and therefore they would need to be checked
at runtime.

EClass
without
EReferences

An EClass named 𝑐 with no EReferences is repre-
sented as a value block. This block can be plugged
into the value inputs of other EClass blocks to indi-
cate a reference to an instance of 𝑐. In our example,
the Command block can be plugged into Job blocks.

EAttribute Each EAttribute 𝑎𝑖 of an EClass 𝑐 is mapped to an in-
put field, such as a text field, list selector, or checkbox.
The value entered in this field is read and processed
at runtime. In our example, the attributes Name and
Concurrent of the Pipeline class are mapped to a value
box and a checkbox, respectively.
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Ecore
Feature

Mapping Details Block Example Block

EReference
(Containment,
many=True)

A containment EReference between EClasses 𝑐 (mul-
tiplicity 1) and 𝑐1 (multiplicity [0..∗] or [1..∗]) is rep-
resented by allowing multiple 𝑐1 blocks to be verti-
cally stacked inside the 𝑐 block. For multiplicity [1..∗],
adding a 𝑐1 block automatically inserts one child
block to enforce the minimum cardinality. These
containment blocks are read and interpreted as con-
tainment relationships at runtime. In our example,
multiple Job Tool blocks can be placed inside a Job
block.

EReference
(Containment,
many=False)

This case follows the same principle as the previous
one, but restricts the number of children. For multi-
plicity [0..1], at most one child block can be added.
For multiplicity [1..1], exactly one input is required.
The containment relationship is evaluated at runtime.
In our example exactly one Command tool block is
placed inside a Command.

EReference
(Non-
containment,
many=True)

A non-containment EReference of an object 𝑐 with
multiplicity [0..∗] or [1..∗] is represented as a stacked
input parameter within the 𝑐 block. These references
are resolved and read at runtime. In our example, a
Command block can have several Tool block depen-
dencies.
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Ecore
Feature

Mapping Details Block Example Block

EReference
(Non-
containment,
many=False)

A non-containment EReference of an object 𝑐 with
multiplicity [0..1] or [1..1] is represented as a sin-
gle input value within the 𝑐 block. This reference is
read and resolved at runtime. In our example, the De-
pends on job block represents this non-containment
reference.

EAttribute.
name

The name of an EAttribute 𝑎𝑖 is used as the field iden-
tifier 𝑎𝑖, preserving its original case, and is displayed.
In our example, the placeholder corresponds to the
command text, which serves as the identifier for the
attribute in the metamodel.

EReference.
name

The name of an EReference is used to identify the
corresponding connection point. It is displayed in
message0 using the placeholder %N. In our exam-
ple, the placeholder corresponds to the Tool identifier.

5 Design and Implementation of Model2Block
In this section, we present Model2Block, a command-line tool that implements the transformation
defined in Section 4. We start by presenting its design (Section 5.1), followed by a description of
how to generate the block-based language (Section 5.2), and then by a description of the generated
modeling environment (Section 5.3).

We provide a reproducibility package that includes the tool’s source code [2].

5.1 Design
Blockly [30] provides a framework for defining web-based environments for block-based construc-
tions. Thus, our tool builds on Blockly to provide a modeling environment for metamodels.

To generate the language and the graphical interface, users interact with Model2Block by supply-
ing an existing Ecore metamodel as input. The tool parses the provided metamodel and generates
the components required by Blockly to create the corresponding web-based graphical interface,
along with the blocks and rules that guide how they are put together.
Currently, Model2Block supports two output formats. First, it allows the generation of JSON

Blockly configurations that can be imported into any Blockly environment. This corresponds to
generating the blocks and the rules for their connection, forming a concrete syntax for models
conforming to the metamodel. Thus, one can use the Blockly language definition produced by
our tool to create their own modeling environment. Second, Model2Block allows the creation of a
complete web interface incorporating the blocks generated by parsing the Ecore metamodel. This
provides an out-of-the-box modeling environment, ready for deployment and usage.
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The workflow of Model2Block is illustrated in the flowchart shown in Figure 4.

Fig. 4. Flowchart of Model2Block .

We have implemented Model2Block as a command-line interface (CLI), which provides a flexible,
efficient mechanism for users to interact with the system by specifying input and output parameters
via a variety of configurable options.

5.2 Generating Block-Based Languages
Regardless of whether the user generates only the JSON definition or the complete environment, our
tool always produces the blocks’ definitions based on the rules presented in Section 4. This process
entails defining each block and the rules governing how they connect to one another, mirroring
the semantics defined in the metamodel. This provides a concrete syntax for the language defined
by the metamodel, enabling language users to create models that conform to the metamodel.

The transformation rules are specified declaratively and applied iteratively to the inputmetamodel.
Each rule is triggered whenever a corresponding pattern is matched within the metamodel. The
process begins by parsing the original metamodel to extract all relevant elements, including classes,
attributes, containment relations, and associations. Based on this extracted information, we generate
the corresponding Blockly blocks for each metamodel class and configure their associated fields,
inputs, and parameters. Furthermore, we establish the required block connections (e.g., value and
statement connections) to accurately reflect the structure and semantics defined in the metamodel.
This means that the blocks can only be assembled in ways allowed by the metamodel. In fact,
every model created using the generated environment conforms to the metamodel, that is, it is not
possible to create incorrect models.

5.3 Generating Modeling Environments
The language generated by Model2Block can be integrated into a fully featured, web-based, block-
based modeling environment derived from Ecore metamodels. As illustrated in Figure 3, this
language constitutes only one component of the overall environment. The generated interface re-
mains compliant with the original metamodel and is designed to streamline the model development
process.
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The language can be generated either as a standalone JSON-based Blockly component or as
part of the complete modeling interface. In both cases, the language is generated and compiled in
accordance with the metamodel, ensuring seamless interaction with the generated environment.

The generated application is distributed as a compressed archive that can be extracted, configured
with the required dependencies, and executed as a standalone web application. Model2Block is
implemented with React1 and styled with Tailwind CSS2, providing a flexible, customizable interface
for developers and end users alike.

Key features of the generated environment include:
Modular Language Blocks Users interact with a visual drag-and-drop canvas to construct, mod-

ify, and visualize models. As shown in Figure 3.A, a palette displays all language blocks
derived from the metamodel. These blocks can be dragged into the modeling workspace
(Figure 3.B) to assemble structurally conformant models. When dragging and dropping the
blocks, the rules derived from the metamodel, and in particular from the relations between
the classes, determine how the blocks are mounted together. The blocks have visual clues that
help users determine where each block can fit. For instance, the block Job has a small curve
on its top edge. This shows that this curve must be placed in another block containing the
opposite curve, which is the case of the “input” ports of the Pipeline block. Although there
are several places in the Pipeline block where a Job seems to fit, the name of each “input”
provides another clue for the user. In this case, there is a job “input” where the Job block
should be dropped. In fact, Job does not fit anywhere else, as our tool generates a Blockly
configuration to force it. When dropping the block, the environment exerts a “magnetic”
force that helps the user place it correctly when it is close. As discussed in Section 3, Blockly
has been successfully used in many other contexts.

Persistent Model Management The tool includes dedicated controls (Figure 3.C) that allow users
to save and reload models. Models are persisted in EMF’s XML format [46], allowing their
usage in any other tool of the EMF context.

Text-Based Representation In addition to the graphical interface, a YAML-based tree view of
the model is provided (Figure 3.D). We chose a tree-based view (although textual) as it is
quite common for representing models (e.g., within the EMF environment [46]). This provides
a canonical view for all models, allowing users to see a representation that may be more
familiar.

Responsive Design The interface is fully responsive, adapting across desktop, tablet, and mobile
platforms. This feature is quite relevant as it is often challenging to define visual languages
that can be used on smaller screens.

6 Applicability Study
To demonstrate the capabilities of Model2Block, we conducted an applicability study using an
independently created dataset of Ecore metamodels to evaluate its effectiveness [9]. Some of
the metamodels contained in the dataset can be seen in Appendix A. This dataset was originally
introduced in a previous study that proposed a methodology for extracting architectural information
frommodel-driven projects to identify and analyze subsequentmetamodel versions throughout their
evolution [8]. The original authors validated their approach on a diverse collection of metamodels
of varying sizes and application domains.

For our evaluation, we adopted the same dataset, which contains 53 curatedmetamodels organized
into five domain clusters to ensure variability in both size and domain. The metamodels range

1https://reactjs.org
2https://tailwindcss.com
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in size from 3 to 190 elements, measured as the total number of classes, structural features, and
packages. Most of these metamodels are relatively small (1–50 elements), primarily originating
from task management, Petri net, and GWPN domains. A smaller subset represents medium-sized
metamodels (51–150 elements), while a few larger ones correspond to GMFmetamodels. The dataset
is openly available, ensuring the transparency and reproducibility of our evaluation.
During validation, we used Model2Block to automatically convert each metamodel into the

equivalent block-based view. The conversion failed in three cases due to malformed files, which we
were unable to parse. For the remaining 50 metamodels, we automatically performed a structural
comparison between the original metamodels and their generated Blockly specifications. Specifi-
cally, we compared the parsed classes, references, containments, and attributes to verify structural
consistency.

After applyingModel2Block and manually inspecting the generated blocks and environments, the
results show 100% accuracy in all successfully processed files. That is, all the Blockly environments
generated correspond to the underlyingmetamodel, and the blocks and their relationship correspond
to the metamodel specifications.

The resulting generated modeling environments can be found in our reproducibility package [2].

7 Case Study
We conducted a controlled user study to evaluate the usability and perceived workload of the block-
based CI/CD environment generated with Model2Block, compared to native GitHub Actions3, the
most used tool for CI/CD [29].The study aimed to determine whether a visual, block-based approach
improves usability and reduces the effort required to author CI/CD pipelines. The application used
in this study was generated using Model2Block and provides a block-based language derived from
the metamodel presented in Figure 1. It generates the corresponding GitHub Actions specification
in real time, performs validation, and supports executing the generated code. Although this work
is part of a previously published work4, for completeness, we present its summary in this section.

7.1 Method
The study followed a within-subjects design. Each participant authored equivalent CI/CD pipelines
using both tools, covering common build, test, and deploy scenarios adapted from standard CI/CD
examples. The order of tools and tasks was counterbalanced to mitigate learning effects. After
completing the tasks with each tool, participants completed the System Usability Scale (SUS)
questionnaire [14] and the NASA Task Load Index (NASA-TLX) questionnaire [32].
The study involved ten voluntary participants, all Master’s students in Computer Science in

the latter half of their first semester. Most participants reported limited prior experience with
CI/CD tools. Written informed consent was obtained prior to participation. While the number of
participants is limited and their profiles are relatively homogeneous, it reflects novice or early-stage
users, for whom accessibility is particularly relevant.

7.2 Results
The block-based environment achieved significantly higher usability scores than GitHub Actions.
The average SUS score was 82.2 (𝑆𝐷 = 10.9) for the generated environment, compared to 51.0
(𝑆𝐷 = 19.9) for GitHub Actions, yielding a mean difference of 31.2 points (𝑝 < 0.001, Cohen’s
𝑑 = 1.98). According to standard SUS interpretations, the block-based environment was generally
rated as excellent, whereas GitHub Actions scores were mostly below average.

3https://github.com/features/actions
4We omit the reference as it would disclose our identities.
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Perceived workload, measured using NASA-TLX, was lower for the block-based environment,
with a mean score of 3.9 (𝑆𝐷 = 2.95), compared to 7.65 (𝑆𝐷 = 4.98) for GitHub Actions. Although
this difference narrowly missed conventional statistical significance (𝑝 = 0.056), the effect size was
large (Cohen’s 𝑑 = −0.88), indicating a practically meaningful reduction in cognitive effort.

7.3 Error Analysis and Discussion
Given CI/CD scripts are usually defined using text files (often YAML files) and that there is little
support during their definition, , which is the case of GitHub Actions, their creation is error-prone.
Thus, evaluating the number of errors of our approach compared to an existing one provides
important evidence about the quality of the solution.

Overall error rates were comparable across both tools, but with different error patterns. GitHub
Actions errors were primarily syntactic, such as malformed YAML or invalid keys, whereas errors
in the block-based environment were mainly related to incorrect parameter configuration or block
placement. These issues could be further mitigated through enhanced validation and contextual
feedback.

7.4 Limitations
The main limitations of the study are the small sample size and the similar background of partici-
pants, which limit generalizability. Moreover, the limited number of metamodels/environments
used is also a limitation. Nevertheless, the consistency of the observed results and the large effect
sizes indicate that the block-based approach provides usability benefits, particularly for users with
limited prior CI/CD experience.

8 Current Limitations
Model2Block demonstrates a promising approach to generate block-based visual interfaces from
Ecore metamodels, but it still presents some limitations.

Currently, the implementation supports only a single metamodel at a time and does not handle
multiple metamodels, which may limit its applicability in more diverse scenarios. Nevertheless,
our applicability study showed its successful execution in all the correct metamodels in a public
dataset containing more than 50 samples.
The tool currently does not support OCL constraints. The relationships between blocks are

enforced by the blocks that can be connected, but the model may still contain errors if constraints
are defined using OCL.
We have not implemented any customization option. For instance, it is not possible to change

the colors, names, or other settings of the blocks.
There is also no support for incrementality; this means that if a metamodel changes, a new set of

blocks and the corresponding environment must be regenerated.

9 Conclusions
To answer RQ1, we have devised a method and developed a command-line tool that automatically
generates block-based visual interfaces from metamodels, enabling users to visually construct
models with blocks that accurately represent valid elements of the metamodel. This ensures that
visual models conform to the original structure/metamodel, making the tool useful for intuitive
and error-resistant model creation in a web environment.
This is a significant step forward in the creation of modeling environments, as existing tools

require extensive manual effort and produce visual languages with several usability issues [6]. Our
method produces block-based languages in a fully automated way, thereby reducing significant
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effort for the user. Moreover, block-based languages have been shown to be quite usable and useful
in several contexts [25, 34, 35].
Although, for now, our tool only supports Ecore metamodels, the method we defined can be

applied to any modeling environment, including BESSEER [16] (for which we are already working)
or MetaEdit+ [47].
To answer RQ2, we successfully applied our approach to a dataset containing 53 metamodels.

Note that this dataset is public and was not defined by the authors. The tool could not parse
three metamodels due to syntax errors, but for the remaining 50, it successfully generated visual
environments containing the expected blocks and their relationships, thereby validating the practical
applicability of our tool.
Finally, we answered RQ3 by drawing on prior work that validated a modeling environment

generated using Model2Block. Our user study showed that the environment’s usability was high,
above 82 out of 100, and that the workload was considered low by participants. While the limited
number of participants and metamodels used does not show that all generated environments have
these characteristics, it provides initial empirical evidence of such a scenario.
Future work will aim to enhance the tool’s functionality to address the identified limitations.

We intend to introduce richer customization options for both block definitions and the overall
interface layout, thereby enhancing the tool’s adaptability to diverse modeling domains and user
requirements. Moreover, incrementally will be supported to allow a generated visual environment,
its blocks, and the models created using the environment to evolve if the original metamodel evolves
too.
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A Examples of Metamodels Used in the Applicability Study
In this section, we present four metamodel examples used in the applicability study presented in
Section 6. We also present the blocks generated for each metamodel using our tool.
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A.1 Petri Net

(a) Petri net metamodel, one of the metamodels in the dataset used for our
validation.

(b) Blocks generated from the
Petri net metamodel.

Fig. 5. Petri net example.

A.2 Task Management

(a) Task management metamodel, one of the metamodels in the
dataset used for our validation.

(b) Blocks generated from the task
management metamodel.

Fig. 6. Task management example.
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A.3 Entities

(a) Entities metamodel, one of the metamodels in the dataset used for
our validation.

(b) Blocks generated
from the entities
metamodel.

Fig. 7. Entities example.

A.4 State Machine

(a) State machine metamodel, one of the metamodels in the dataset
used for our validation.

(b) Blocks gen-
erated from the
state machine
metamodel.

Fig. 8. State machine example.
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