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ABSTRACT
In this paper, we propose an approach for assisting educators in
deriving lesson plans for complex learning subjects like Model-
Driven Engineering (MDE) from existing educational materials,
leveraging generative AI techniques. Our method focuses on guid-
ing teachers in defining learning objectives and suggesting concrete
learning activities for students. Central to our approach is the de-
velopment of a metamodel that characterizes the methodology and
serves as the foundation for implementing supporting tools. By
utilizing available Open Educational Resources (OERs) and incorpo-
rating them into specific learning activities, our method provides
a general framework for supporting educators in designing les-
son plans. We present the methodology to generate lesson plans,
the metamodel conceptualizing plans ingredients, and demonstrate
their application through supporting tools, illustrating the potential
of our approach in facilitating the development of MDE teaching
materials.

CCS CONCEPTS
• Software and its engineering → Model-driven software
engineering; • Applied computing→ Computer-assisted in-
struction; Interactive learning environments; • Computing
methodologies → Artificial intelligence.
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1 INTRODUCTION
The rise of Open Educational Resources (OERs) [25, 27] marks a
significant milestone in the evolution of educational paradigms,
driven by a vision to democratize access to learning materials across
diverse fields [10]. Despite their undeniable benefits in fostering
collaborative learning environments and enabling educators to stay
alongside of technological advancements, OERs also present signif-
icant challenges. Issues such as limited accessibility, the scarcity of
structured learning activities, usability concerns, and the dispersion
of resources across various platforms often hinder their effective
use in educational settings [11, 17, 23, 26, 27].

In complex educational landscapes, such as the instruction of
Model-Driven Engineering (MDE), these challenges are accentu-
ated [6]. The intrinsic complexity of the subject, along with the
need for resources and tools that effectively bridge theory with
practice, complicates both teaching and the search of OERs. Conse-
quently, it becomes crucial to develop frameworks that can address
these shortcomings, optimizing the integration of OERs into curric-
ula, and ensuring a cohesive and engaging learning experience for
students [5, 15].
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Innovative technologies such as generative AI [8] have the po-
tential to address the challenges discussed so far and transform
educational methodologies by generating dynamic and customiz-
able learning content. By embracing generative AI, educators can
overcome some of the traditional barriers associated with OERs,
such as the development of tailored learning activities and the en-
hancement of resource usability and accessibility. This synergy
between generative AI and OERs presents a promising avenue for
addressing the pedagogical challenges e.g. in MDE education, of-
fering a pathway to more effective and personalized educational
experiences.

This paper explores the synergy between generative AI and
OERs, presenting a framework designed to enhance the education
of complex subjects like MDE through automated support for the
selection and amalgamation of teaching material. Through the inte-
gration of generative AI and OERs, we aim to tackle the prevalent
issues in utilizing OERs for subjects like MDE, notably the lack of
structured learning activities and accessibility concerns, while lever-
aging the strengths of both OERs and AI to enrich the educational
landscape.

Our contribution is threefold: firstly, we propose a generic frame-
work that employs generative AI to support educators in crafting
custom lesson plans through open educational resources; secondly,
we provide an analysis of the challenges and opportunities pre-
sented by OERs in the context of MDE education; thirdly, we in-
stantiate the proposed framework to support educators in crafting
MDE lesson plans based on available open educational resources.

2 BACKGROUND AND RELATED WORK
The increasing complexity of modern software has underscored
the importance of modelling and Model-Driven Engineering in
software development. Despite numerous studies on the practical
application of MDE, there remains a gap in understanding its imple-
mentation in educational settings [6]. Teaching modelling and MDE
is indeed widely acknowledged to be inherently challenging due to
its complexity and establishing suitable teaching environments for
MDE is further complicated by the intricate and diverse nature of
available tools [1, 6].

Frequently, educators within MDE face the task of selecting the
most suitable project tools for their courses. In this context, they
may opt for industrial-grade modeling tools or utilize tools explic-
itly crafted for educational purposes, or even resort to traditional
methods like pen and paper. The decision-making process regarding
tool selection is significantly influenced by contextual factors such
as the instructor’s familiarity with active project tools, the expertise
within their research group, and the accessibility of repositories
containing model or language exemplars like metamodel zoos1 [6].
Therefore, reaching a conclusion regarding tool adoption is not a
straightforward task and entails certain risks.

To partially alleviate the challenges related to the usage of tools in
MDE education, Barnett et al. [1] propose a web-based tool for MDE.
Their aim is to relieve both learners and teachers from the burden of
installing tools locally, dealing with configurations, and managing
tool updates, just to mention a few. Gómez-Abajo et al. [9] proposed
Moodle, an evolution of Wodel-Edu, to generate modeling exercises

1https://web.imt-atlantique.fr/x-info/atlanmod/index.php?title=Zoos

together with automated correction features. The approach takes
as input the correct answer/model for a certain exercise and by
operating mutations on the input generates exercises like multiple-
choices, match pairs, and so forth. In the realm of MDE education,
open-source platforms like Eclipse Modeling Framework (EMF) are
prevalent despite the well-documented challenges in maintaining
the necessary components and plug-ins consistently [6]. EMF’s
community-based nature and integration into the broader Eclipse
project have significantly contributed to its widespread adoption
among students. Conversely, proprietary tools such as MetaEdit+
tend to be less commonly used [6].

2.1 Open education in Engineering
Open education has seen a rising trend since its introduction by the
United Nations Educational, Scientific, and Cultural Organization in
2002. As defined by UNESCO, OERs indicates the “open provision of
educational resources, enabled by information and communication
technologies, for consultation, use and adaptation by a community
of users for non-commercial purposes” [25]. Open Educational
Resources (OERs), encompassing digital materials like textbooks
and complete online courses, foster collaborative learning and assist
educators in staying current with technology [27]. Nonetheless, the
shift from utilizing open resources to embracing open educational
practices demands further considerations [16].

In the engineering domain, open resources can provide a strate-
gic opportunity to enhance education quality, facilitate policy di-
alogue, and promote knowledge sharing and capacity building,
given also the ability to freely adapt and reuse existing knowledge
pieces [24]. Instructors have highlighted the advantages of these
resources for students seeking alternative explanations of topics
or those unable to access textbooks immediately [22, 24]. Addi-
tionally, employing a linked data approach to OER repositories
can create a more interoperable and integrated system for sharing,
connecting, and discovering resources, data, and metadata within
the educational community [22].

2.2 Generative AI and Education
Another emerging trend in education involves the increasing avail-
ability and applications of generative AI tools in the educational
domain [18], including for Model-Driven Engineering education
[15]. Tools such as ChatGPT and other large language models hold
potential as helpful and convenient aids for engineering education,
benefiting both students and educators [15]. However, it is crucial to
exercise caution in their use and consider establishing community
guidelines and standards for fair usage [15]. Studies have empha-
sized the proactive role the engineering education community must
take in addressing this issue, ensuring that the community reaps
the benefits of these tools while mitigating any potential downsides
through the development of clear usage guidelines and tools [15, 18].
Generative AI, while powerful, has several limitations that need to
be considered. One of the main challenges is the potential for biases
in the AI’s responses, which can arise from the data the model was
trained on. This can lead to unfair or unbalanced outputs, which
may not represent diverse perspectives. Additionally, generative AI
models can sometimes produce incorrect or misleading information,
known as "hallucinations," making them less reliable for critical

https://web.imt-atlantique.fr/x-info/atlanmod/index.php?title=Zoos


Designing and Generating Lesson Plans combining OER and GenAI MODELS Companion ’24, September 22–27, 2024, Linz, Austria

Figure 1: Methodology for generating lesson plans including materials and activities.

tasks. There’s also a concern about the lack of transparency in how
these models generate their outputs, which can make it difficult for
users to understand or trust the results. Finally, using AI in edu-
cation raises questions about inclusivity, as the content generated
might not be equally accessible or relevant to all students. These
limitations highlight the need for careful oversight and the devel-
opment of strategies to mitigate these risks when using generative
AI in educational settings.

Our contribution aims to integrate open educational resources
with the capabilities of generative AI, presenting a general frame-
work to support educators in designing lectures for a given sub-
ject [5, 15]. By combining these resources, we seek to leverage the
strengths of both approaches to enhance the educational experience
for both teachers and learners.

In the following section, we present a methodology for creating
lesson plans using a pedagogical approach grounded in learning
objectives (LOs) and the Revised Bloom’s taxonomy [12]. The im-
portance of learning objectives has been previously explored in
both engineering [14, 20] and computer science education [21],
with studies focusing on educators’ roles in defining effective learn-
ing objectives aligned with Bloom’s taxonomy [12]. The Revised
Bloom’s taxonomy is a widely used hierarchical model that enables
the categorization of students’ learning achievements into differ-
ent levels (i.e., Knowledge, Comprehension, Application, Analysis,
Synthesis, and Evaluation). This framework can assist educators in
identifying clear learning objectives and creating purposeful learn-
ing activities and instructional materials, even in MDE education
[3]. In this respect, our contribution is not limited to a single learn-
ing activity (as in the current state of the art), rather it deals with
education goals from the broader perspective of learning plans.

3 METHODOLOGY FOR DERIVING LESSON
PLANS

The methodology for deriving lesson plans is underpinned by a
workflow that provides a structured, dual-pathway process for de-
veloping educational content, as illustrated in figure 1. This process
leverages both artificial intelligence and educator input to tailor
lesson plans and activities that meet specific learning objectives,
offering a seamless integration of technology with pedagogical
expertise.

In the proposed workflow, educational content creation begins
with two parallel entry points: the selection (or generation) of
lessons and the definition of learning objectives (LOs), embodying
a comprehensive approach to educational planning.

The lesson selection pathway offers users the flexibility to choose
between retrieving a lesson from an Open Educational Resources
(OER) database, crafting a lesson manually, or employing AI tools
for lesson generation. This variety caters to diverse needs and pref-
erences, ensuring that the system is adaptable to various educational
contexts.

Simultaneously, the LO definition pathway provides an analo-
gous flexibility, allowing educators to either manually define the
LOs or to utilize AI for their generation. This dual-option approach
ensures that the educational goals are precisely articulated, and
that the designed activities are in perfect harmony with these goals.

Upon convergence of both pathways, the system undertakes
a comprehensive evaluation of the lesson materials and the LOs.
Should the LOs be unspecified or if the materials are not yet de-
termined, the system prompts the user to revisit and refine these
elements. This iterative feedback loop is crucial for aligning the edu-
cational materials with the intended objectives, ensuring a coherent
educational experience.
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Figure 2: The conceptual metamodel underpinning our methodology.

Following this evaluation, the system suggests a range of activi-
ties, employing the Revised Bloom’s Taxonomy[12] to align these
suggestions with the appropriate level of cognitive engagement.
This enables users to select and tailor activities that best suit the
educational objectives.

The next phase introduces AI-powered generation of activities,
where the initial suggestions undergo a refinement process. This
allows for customization and enhancement of the activities, facili-
tating a dynamic iteration between generation and refinement to
meet educational standards.

Once the activities are finalized and deemed satisfactory, they
enter a correction phase. During this phase, users can make any nec-
essary adjustments to ensure the activities align with the learning
objectives and the educational standards.

The culmination of this intricate process is the generation of
activities, which leads to a scoring phase designed to facilitate
assessment and feedback. This final stage is instrumental in evalu-
ating the effectiveness of the educational content and in providing
constructive feedback, thereby closing the loop on the educational
content development cycle.

The methodology discussed so far is supported by a metamodel,
illustrated in the next section, that conceptualizes the main ingre-
dients underpinning lesson plans.

4 METAMODEL FOR SUPPORTING
TEACHER-DERIVED LEARNING
ACTIVITIES

Figure 2 depicts the conceptual metamodel that underpins the
methodology for building lesson plans. The creation of the meta-
model has been based on the needs of the lesson plans generation
methodology. By going into more details, a MacroSubject contains
Topics and LearningObjectives, and is characterized by a Title
and a level of difficulty (see the attribute difficulty_level and
the corresponding PerceivedDifficultyLevel type). The collec-
tion of subtopics for a certain subject have a title, the language
in which the material is provided, and a description of the topic.
Moreover, topics might have dependency relationships in the sense

that one topic is subsequent to the learning of one or more other top-
ics. For example, a “computer science” subject might include “meta-
modelling” and “model transformations” where the latter subtopic
depends on the learning of the former one.

Since each subject could be covered in different portions and
levels of depth, our metamodel foresees the definition of multi-
ple learning objectives. In this respect, a LearningObjective is
linked to one or more subtopics, and is characterized by a cer-
tain learning level (as defined by the Bloom’s taxonomy) and a
type_of_learning. Moreover, for each learning objective a num-
ber of Exercises are defined to test the successful achievement.
As it can be seen in the figure, an exercise is defined by a set of
properties as the language, a description, the type of exercise,
and so forth. So, to continue the example mentioned before, a learn-
ing objective might be to “learn model-to-model transformations”,
possibly including an exercise to complete a transformation rule in
a target transformation language.

It is worth mentioning that the term “distractor” is generically
used in the metamodel to represent all those cases where recog-
nizing wrong alternatives among the available solutions for an
exercise is part of the skills for achieving a learning objective (like
the mutations generated by Moodle [9]). Following up again our
running example, a distractor for the completion of the model trans-
formation rule might be a syntactically wrong construct, and/or an
inappropriate use of specific language libraries.

The conceptual metamodel has been used as the foundation for
creating a concrete education system called Enabler for Educator
(E4E), the realization of which is illustrated in the next section.

5 THE ENABLER FOR EDUCATORS
The Enabler for Educators (E4E)2 is a system primarily focused on
supporting educators in deriving comprehensive lesson plans. The
E4E streamlines the process of creating lesson plans by automati-
cally generating and curating diverse learning activities. Educators
collaborate with the system to tailor these activities into cohesive
lesson plans that align with educational objectives and cater to the
individual needs of learners.

2https://dev-e4e.polyglot-edu.com/

https://dev-e4e.polyglot-edu.com/
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Figure 3: Homepage of the Enabler for Educators (E4E).

The E4E offers its primary service as access to an extensive collec-
tion of OERs. The E4E frontend has been designed using a co-design
approach with experts in OER, professional training and instruc-
tional design in the context of the European project ENCORE3.
This service empowers educators, as well as potential users, to
effectively explore pertinent OERs by inputting specific keyword
(skills and/or concepts) into the search function. This search ca-
pability can include all the terms (AND search) or at least one of
them (OR search). The database’s contents are also visualised on
the homepage (Figure 3). This is achieved through a Venn Diagram
representation, visually categorising the OERs across the various
Green, Digital, and Entrepreneurial (GDE) domains. Beyond this,
users are provided with the opportunity to engage in advanced
searches. They can fine-tune their results by applying filters based
on domains, resource types (such as videos, datasets, comprehen-
sive lectures, etc.), and target audience categories (ranging from
academic and professional training to the general public, and more).

Once the search is conducted, users gain the ability to explore the
results at their disposal. These results can be organised in multiple
ways, such as sorting them by relevance, categorising them by the
type of resources they are, or arranging them according to their
ranking which is determined by quality metrics. Additionally, users
are granted the option to seamlessly navigate through distinct OERs,
each viewable in its own separate window.

To enhance the analysis of these results, the platform offers
interactive visualizations. These visual aids facilitate a comprehen-
sive understanding of the outcomes, presenting various elements
categorized by domain, concepts, or resource types (Figure 4).

Furthermore, educators have the ability to enrich the database
by incorporating their own educational materials (Figure 5). This
can be achieved through manual addition of text-based learning
resources, alongside the creation of exercises and assessment ac-
tivities by using the platform APIs (described in Section 5.1) that
exploit generative AI algorithms.

The educational resources retrieved through search or added
manually can be saved, permitting their later utilization within
personalised categories. Users possess the capability to handpick
pertinent OERs either directly from the search list or while re-
viewing individual resources. This functionality allows them to

3https://project-encore.eu/

Figure 4: Filtered OERs.

Figure 5: Adding a new educational resource to the database.

construct collections of OERs, which subsequently prove valuable
during the lesson plan definition phase. Additionally, these per-
sonally curated categories can seamlessly integrate into Learning
Management Platforms like Moodle4.

After the instructional OERs are collected, the educators define a
set of learning objectives (LOs) they want to reach through the les-
son plan and the specific learning activities. This part is supported
by exploiting the platform APIs using generative AI (described in
Section 5.1) to identify and generate pertinent learning objectives.
The educator can indeed generate and modify learning objectives
(such as "Define the core concepts of Model-Driven Engineering, in-
cluding models, metamodels, transformations, and model-driven ar-
chitecture.", or "Implement model-driven techniques to automate the
generation of software artifacts such as code, documentation, and
tests from high-level models.") that can be then used as reference for
creating learning and assessment activities (as described in Figure
6). The learning objectives, together with the chosen instructional
OERs, form the foundation for the design of learning activities
within the lesson plan.

5.1 The E4E APIs
The E4E is built upon a foundation of APIs5, granting users access
to a suite of proprietary services designed and implemented to
4https://moodle.org/
5https://github.com/polyglot-edu/SK_API

https://project-encore.eu/
https://moodle.org/
https://github.com/polyglot-edu/SK_API
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Figure 6: Screen for defining/generating the Learning Objec-
tives (LOs).

elevate the user experience by facilitating AI operations in a lesson
plan definition. These APIs are tailored to leverage cutting-edge
OpenAI6 models, empowering users with enhanced capabilities
and functionalities.

These APIs are built as an ASP .NET Core C# project and are
based on the capabilities ofMicrosoft Semantic Kernel7, that ensures
seamless communication between the E4E and AI models. This tech-
nology selection not only ensures a high degree of maintainabil-
ity but also enhances scalability by establishing a straightforward
framework for defining and incorporating new APIs. The project’s
core programming language, C#, is chosen for its versatility and
robustness, seamlessly integrating with the .NET8 ecosystem.

In terms of Natural Language Processing (NLP), the APIs heav-
ily rely on Microsoft Semantic Kernel to interface with the Azure
OpenAI platform9, enabling the formulation of semantically rich
prompts for the GPT-3.5 Turbo and the GPT-4models. Thesemodels,
powered by Azure OpenAI, excel at generating learning objectives
and providing various types of exercises along with their solutions
and corrections. The answers generated by these models are for-
matted to facilitate further processing of the generated data.

To streamline API documentation and testing, Swagger is inte-
grated in the E4E, providing an interactive interface for exploring
endpoints and facilitating comprehension of the API’s functionality.

All the implemented APIs share a cohesive architecture (depicted
in Figure 7), designed to facilitate seamless integration of user
inputs, model processing, and presentation of results. This unified
architecture ensures a smooth flow of operations across all APIs,
promoting consistency and efficiency in handling various tasks
within the E4E.

The general workflow to utilize the architecture is as follows:
(1) User Input: Users interact with the APIs by providing input,

either through selection from predefined options or by di-
rectly inserting values. These inputs constitute the required
variables for the task at hand. Examples of inputs include
links to lesson material, desired language, level of difficulty,
etc..

6https://openai.com/
7https://github.com/microsoft/semantic-kernel
8https://dotnet.microsoft.com/
9https://azure.microsoft.com/en-us/products/ai-services/openai-service

(2) Input Model Formation: The user-provided inputs are
structured into an input model, which encapsulates the nec-
essary variables for further processing. This input model
serves as the basis for subsequent steps in the workflow.

(3) Variable Retrieval: The input model is utilized to retrieve
specific variables connected to the inserted values. These
variables are essential for generating a meaningful prompt
for the model.

(4) Semantic Function: Using the retrieved variables from the
input model, a Semantic Function (prompt with variables) is
invoked. These prompts are crafted to direct the subsequent
model in generating a response in a predefined format. They
are tailored and optimized for Large LanguageModels (LLMs)
such as GPT-3.5 Turbo and GPT-4, leveraging the few-shot
prompting technique 10 to ensure the production of highly
reliable responses.

(5) JSON Output: The response is processed and structured
into a JSON format, facilitating easy integration and inter-
operability with the E4E. This JSON output encapsulates the
generated model’s details and relevant metadata.

(6) User Interface Presentation: Finally, the JSON output is
organized by the system into a user-friendly and visually
appealing interface of the E4E. This interface provides users
with access to the final resource in a convenient and under-
standable manner.

This API architecture ensures a seamless flow of information and
processing, enabling users to interact with them and obtain mean-
ingful insights and results.

5.2 Preliminary Evaluation
The tool was preliminarily evaluated by 16 educational experts
(9 F, 7 M) from universities and professional training institutions,
representing a diverse range of disciplines. These disciplines were
selected to cover the three key skill areas of digital, green, and
entrepreneurial education, reflecting the core focus areas for both
educators and learners. The foundational principles of MDE played
a crucial role in shaping our approach, enabling us to design a
methodology that extends beyond MDE to address the needs of
various educational contexts. By leveraging MDE concepts, we
were able to propose a flexible and adaptable framework that is
relevant not only to digital education but also to the green and
entrepreneurial skill areas. This inclusive approach ensures that
the tool can be effectively utilized across a broad spectrum of edu-
cational environments, thereby enhancing its overall impact and
applicability. Participants were asked to fill out a short survey af-
ter using the tool to find relevant OERs and design a potential
learning paths with the resources. On average, in response to the
question "How relevant are the OER that you found?" (on a scale
from 1 "not relevant at all" to 5 "completely relevant"), participants
reported finding the OERs somewhat relevant (M= 3.1, SD= 0.9).
Regarding the question "How informative were the OERs you re-
viewed?" (from 1 "not informative at all" to 5 "very informative"),
they considered the OERs to be very informative (M= 3.3, SD= 1.1).
Lastly, when asked "How relevant is the information generated
with AI tools?" (from 1 "not relevant at all" to 5 "very relevant"),
10https://www.promptingguide.ai/techniques/fewshot

https://skapi.polyglot-edu.com/swagger/index.html
https://openai.com/
https://github.com/microsoft/semantic-kernel
https://dotnet.microsoft.com/
https://azure.microsoft.com/en-us/products/ai-services/openai-service
https://www.promptingguide.ai/techniques/fewshot
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Figure 7: E4E APIs workflow.

they found it quite relevant (M= 3.2, SD= 1.0). To further investigate
participants’ opinions, several open-ended questions were asked
to collect feedback on the main opportunities and limitations they
encountered while using the tools. Responses to these open-ended
questions were then analyzed using thematic analysis to identify
the primary opportunities and limitations of the tools.

Generally, participants reported that the platform provides free
educational resources through an intuitive and neatly designed
interface, making information easily accessible and readable (e.g
"The interface is neat and intuitive." P2, "A lot of information is dis-
played in an easy-to-read format" P4). Participants noted the wide
range and diversity of the open resources, along with interactive
visualizations that aid in exploring them. The interface’s organized
and straightforward navigation, combined with its aesthetically
pleasing design, supports the selection and use of open educational
resources (e.g. "The ability to select specific OERs and have function-
alities that supports this selection effectively is highly beneficial." P13).
Regarding the AI functionalities, the tool is primarily seen as a sup-
port rather than a replacement for educators. It is particularly useful
for generating variations on specific topics or defined subjects and
for creating first drafts of potential assessment materials (e.g. "You
can then find ways to reimplement the same educational content using
different approaches." P7, "This tool is excellent for creating handouts
and preliminary drafts" P8). The use of existing taxonomies (such
as the Revised Bloom’s Taxonomy) and the step-by-step process
helped participants structure their learning activities (e.g. "I think
this is a good instructional design tool for supporting educators in
thinking about their content and the methodologies they can use."
P16). Additionally, the ability to edit all automatically generated
outputs provided flexibility (e.g. ""It is very important that I can
edit the information generated by the AI." P3 "Editing is crucial for
tailoring the output to my needs." P8).

On the negative side, participants reported that the OERsmay not
always be updated or maintained, leading to outdated information
(e.g. "OERs are not updated regularly, which is a problem in many
fields." P2 "OERs are not updated regularly, which is a problem in
many fields. You have to review the content thoroughly to ensure
it is still relevant and pertinent." P12). Participants noted limited
search results and repeated keywords due to database normalization.
Filtering by less common categories often yields few resources, and
some users had difficulty finding specific types of materials, such as
lab activities, videos or case studies (e.g. "The resource I found was
good and useful for promoting sustainability and generating a lesson

plan. However, I couldn’t find case studies or exemplary material."
P5). Additionally, the search functionality was criticized for not
displaying the keywords used and producing irrelevant or zero
results for certain searches, indicating a need for improvement in
keyword handling and result cleaning. Concerning the generative
AI function, AI-generated educational and assessment materials can
be interesting but still have many limitations, such as the accuracy
of the generated material, making AI not always reliable (e.g. "Not
sure about about the reliability of this generated content" P2); the
difficulty of generating material of appropriate difficulty (e.g. "You
cannot always be sure that the content generated is aligned with the
parameters you have selected" P16); and the omission of sources for
generated content (e.g. "The biggest flaw I find is that it does not cite
the corresponding sources." P10).

6 DISCUSSION AND CONCLUSIONS
This paper contributes a methodology for generating lessons plans.
We adopt modelling approaches to both define the process and the
conceptual foundations used as guides for a concrete implemen-
tation. This discloses the opportunity to (partially) generate new
systems for lessons plans and/or to enrich the existing planning
with additional features (e.g. automated correction of assignments,
adjustment of learning plans based on students’ performances, and
so forth).

This approach can be considered as a low-code solution [7] for
education support and in particular for crafting lesson plans. In a
discipline like MDE it can be useful to have this support in order
to fine tune both the topics to be covered by e.g. a certain course
instance and also the level of detail/difficulty at which a certain
topic should be learnt. By means of this level of customization it
could be possible to create courses tailored to professionals who
might be interested only in specific subjects related to modeling
(notably UML profiling versus metamodeling for language engi-
neering). Nonetheless, features aimed at further enhancing adapted
and personalized learning experiences could be integrated into the
proposed approach. For instance, incorporating various branches
and options in the learning path to tailor the type and difficulty
level of materials encountered by learners. Educators could oversee
and manage this process, supported by the use of generative AI
systems.

Building upon prior research in MDE education [4, 15, 18], this
paper introduces an approach that highlights the capabilities of
generative AI tools in aiding MDE educators. By enhancing their
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instructional materials, these tools aim to deliver more personal-
ized and diverse learning content to students. Nonetheless, we also
recognize the potential drawbacks of using Large Language Models,
such as hallucination, limited reliability, the risk of plagiarism, and
challenges with reproducibility [15]. Addressing these concerns
requires collaboration between educators and the AI system, and
should be carefully considered during the implementation of such
tools in the educational domain. These points also emerged in the
preliminary evaluation, underscoring the importance for educators
to gain the necessary competence to critically review the content
generated by LLMs while keeping such elements editable and flexi-
ble enough. Moreover, being able to track the sources is another
important aspect that characterizes the use of generative AI tools
in the educational domain.

Additional steps are necessary to leverage generative AI tools
effectively in MDE education and further investigate the opportuni-
ties of the approach outlined in this paper. For example, conducting
a more extensive user evaluation of the enabler and analyzing edu-
cators’ actual interactions with the tool is still ongoing work. As
a next step, potential enhancements to the enabler could include
integrating it with modeling environments such as Papyrus 11, col-
laborative modeling frameworks like jjodel [19] and even Online
Education Platforms for Teaching MDE [2]. This integration would
support educators in creating learning activities and assessment
materials accessible to students through such alternative tools.

Furthermore, there is room to enhance the personalization of
LLM for specific learning activities within MDE [13], such as en-
gaging with models and offering diverse variations or managing
model-driven concepts. In this regard, personalization and fine-
tuning of large language models can also be accomplished by using
MDE specific material and OERs that can be available in special-
ized repositories (such as the learning material in the MDENet
community16 12). This approach can enable the language model to
concentrate on generating material that closely adheres to MDE
concepts and style.

In a broader perspective, this work is based on the interplay of
modelling techniques and LLMs features. We believe that in the
near future many MDE solutions will include AI-powered compo-
nents to solve complex tasks [13]. Analogously to what mentioned
for our methodology, more research will be needed to tackle chal-
lenges ranging from the non-determinism of the results to the
sustainability of the proposed solutions.
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