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Abstract—In the post-digital world, educators are tasked with
navigating a plethora of resources to build effective interventions
for ever-changing skill requirements. Intelligent systems can
assist them by recommending educational content, providing per-
sonalized learning experiences and automating time-consuming
tasks, allowing educators to focus on creating engaging and in-
teractive learning experiences. However, it is also important that
educators are equipped to fruitfully engage with such systems
in a way that enhances their pedagogy and teaching practices
as far as help them to deal with societal challenges. The project
ENCORE aims to support this shift by developing an intelligent
system that selects quality Open Educational Resources (OERs)
to support the pedagogical design and teaching around key
skills affected by societal macro-trends, i.e. Green, Digital and
Entrepreneurial (GDE) skills. The project has two phases: a data-
driven phase using Natural Language Processing to match skills
with relevant OERs and a qualitative/expert-driven phase for
developing pedagogical guidelines and testing the system in real
educational contexts. This paper describes the main tenets of
the ENCORE project and the research actions taken to support
learners and educators in using OERs and targeting skills most
relevant to the new macro-trends of digitalization, climate change,
and post-COVID economic recovery challenges.

Index Terms—Open Educational Resources (OER); Pedagogi-
cal design; Natural Language Processing (NLP), Higher Educa-
tion, Green Skills, Digital Skills, Entrepreneurial Skills, Gamified
Learning.

I. INTRODUCTION

In the post-digital age, educational methods are undergoing
significant changes, driven by technological innovation and
societal shifts. This evolution extends beyond traditional class-
rooms, emphasizing online learning and new skills necessary

in future contexts [1], [2]. Adapting to these changes requires
a shift in pedagogical approaches that integrates scientific
and technical knowledge with critical debate [3]. The recent
COVID-19 pandemic and challenges like climate change and
digitalization further underscore the urgency for rethinking
education methods [4]. The European Union addresses these
challenges through the Digital Education Action Plan (2021-
2027), which aims to modernize education for the digital era
and adapt to changing requirements. This plan is reinforced
by the enhanced Digital Competence Framework and the
European Skills Agenda, focusing on digital literacy and skill
enhancement to support a climate-neutral Europe and the
digitally transformed workforce [5]–[7].

The rise of Open Educational Resources (OERs) has been
a key development in this transformation. These resources,
ranging from textbooks to entire online courses, support col-
laborative learning and help educators keep pace with tech-
nology [8], [9]. However, transitioning from open resources
to open educational practices requires further consideration
[10]. Moreover, despite the abundance of resources, challenges
remain in areas like OER quality, usage, and their integration
in intelligent systems for education. These challenges highlight
the need for new skills among educators and the potential of
micro-credentials and digital badges for skill recognition and
certification [11]–[13].

The ENCORE project described in this paper addresses
these issues by using Natural Language Processing to enhance
the utility of OERs, linking them to relevant skills within
established skill classification frameworks, such as the Eu-
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ropean framework of Skills, Competences, Qualifications and
Occupations (ESCO) 1. It aims to provide a comprehensive
framework for reusing and enhancing OERs, guiding educators
and learners in adapting to the digital age. The approach
also examines the interaction between intelligent agents and
users in the education domain, with a specific emphasis on
integrating game-based learning approaches and data-driven
technologies, aligned with expert perspectives [14].

The paper is structured as follows: Section II presents a
review of existing literature that leverages Natural Language
Processing (NLP) for the management and analysis of ed-
ucational resources. Section III delves into the background
literature on micro-credentials and open badges. Section IV
outlines existing approaches for personalized and gamified
learning, while Section V centers on pedagogical guidelines.
Section VI provides a detailed exploration of the technical
aspects of the ENCORE approach. Section VII emphasizes
the innovative nature of the approach and Section VIII outlines
future steps and presents the conclusion.

II. OPEN EDUCATIONAL RESOURCES AND NLP

In this section we review previous scientific articles focusing
on NLP methods applied on OER and the extraction of topics
from education and labor market related documents [15].

OERs, being freely accessible educational materials, range
from textbooks to audio recordings. Quality metadata is crucial
for their effective use and discoverability [16]. However, the
creation of high-quality metadata is often neglected by OER
authors, leading to challenges in resource discovery [17], [18].
AI techniques, particularly AI-based topic extraction, offer a
solution to enhance metadata quality. These techniques can
identify key topics within OERs, aiding in their classification
and discoverability [12], [19]. Typically, OERs are converted
into text format for analysis using NLP, which facilitates
human-computer interaction using written language [17], [18],
[20]. Topic modeling, specifically Latent Dirichlet Allocation
(LDA), is a common NLP method for identifying OER topics.
Studies like those by Molavi et al. [18], Sucunuta et al.
[21], and Tavakoli et al. [22] have used LDA for various
applications, from identifying main topics in online lectures
to developing learning recommender systems. However, LDA’s
unsupervised nature leads to varying levels of detail in iden-
tified topics [23]. To achieve a balanced topic identification,
avoiding both overly abstract and overly specific language is
crucial. Named Entity Recognition (NER), a subfield of NLP,
assists in identifying and classifying education-related topics
in text. NER methods include gazetteer-based, rule-based, and
machine learning-based approaches [24]–[26].

Advancements in word embeddings, like word2vec, GloVe,
and BERT, have significantly impacted NLP, especially in
tasks like NER [27], [28]. These techniques have been ef-
fectively used in the labor market domain for extracting skills
and knowledge from textual data, as demonstrated in studies
by Malandri et al. [29], Fareri et al. [30], [31], and Chiarello et

1https://esco.ec.europa.eu/en

al. [2]. They also show promise in analyzing degree programs
and job vacancies for skill alignment [32]. To the best of
our knowledge, the application of NER techniques to Open
Educational Resources has been limited in the literature.
However, there is an increasing interest in utilizing NLP to
improve the quality of OER and facilitate their discovery by
students [33], [34].

III. MICRO-CREDENTIALS AND OPEN BADGES

The adoption of open badges and micro-credentials ad-
dresses the skills gap among graduates and supports lifelong
learning. While these technologies are nascent, their rapid so-
lutions attract increasing interest from companies and training
institutions [13]. The European Commission has a history of
policies fostering skill recognition and transparency, such as
Europass and the European Qualification Framework, promot-
ing a unified approach for skill recognition among member
states. Open Badges, distinct from gamification elements in
educational platforms like Moodle, are digital badges based
on the Open Badge Infrastructure (OBI) by Mozilla Founda-
tion. They contain metadata about the credential earned and
can be showcased on platforms like LinkedIn and Europass
[35]. While often used interchangeably, ’digital badges’ and
’micro-credentials’ differ. A micro-credential serves as proof
of learning outcomes attained from a short learning experience,
assessed against clear standards. It is a certified document
containing the learner’s name, outcomes, assessment method,
awarding body, qualifications framework level, and credits
earned. Micro-credentials, owned by the learner, are shareable,
portable, and combinable into larger credentials. They adhere
to quality assurance standards [36]. This shift, supported by
recognition technologies like Open Badges, addresses the
rapidly changing employment landscape [37]. Employers, rec-
ognizing the skills gap in new graduates, increasingly adopt
upskilling strategies internally. Thus, understanding the value
of micro-credentials and the associated certification methods
like digital credentials and Open Badges is crucial for com-
panies adapting to market shifts.

criteria.png

Fig. 1. Common Microcredentials Framework criteria for MCs selection and
description. Image from [38].
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IV. ADAPTIVE AND GAMIFIED LEARNING

The rapid development of digital technology, including
Artificial Intelligence, is transforming the way education is
delivered and consumed [39]. Not only are educators changing
the way they design and create learning materials, but learners
are also adapting their learning styles to take advantage of
these new tools. As a result, traditional pedagogical strategies
must be reevaluated and revised to effectively engage learners
in the digital age. Effective teaching, as perceived by students,
involves personalized, one-to-one tutoring, enabling educators
to address misunderstandings and offer relevant feedback in
real time. However, providing such individual attention is not
always feasible, particularly with larger groups of learners.
Conversely, the most teacher-effective method is the one-to-
many lecture, where educators prepare material for a broad
audience in advance. While efficient, this approach may pro-
mote passive learning and fail to engage all students fully.

Digital technology can play a crucial role in bridging the
gap between these two approaches. Adaptive learning, for
instance, offers personalized learning experiences that cater
to individual needs, rather than adopting a one-size-fits-all
approach [40]. By utilizing techniques such as just-in-time
feedback, personalized learning paths, and ad-hoc learning
resource provision, learners can receive the customized support
they require to succeed. Adaptive learning has been widely
recognized as a promising approach to enhancing the overall
learning experience [41]. Furthermore, it is crucial to highlight
that ENCORE aims to advocate for a ”human in the loop”
approach to adaptive learning [42]. This approach emphasizes
the active involvement of human educators in designing and
overseeing the adaptive learning process. By doing so, human
experts can ensure that the technology provides relevant con-
tent and feedback to learners while also allowing for necessary
adjustments to the system.

Furthermore, the incorporation of gamification mechanisms
in education can encourage motivation and engagement, im-
prove student participation and cooperation, and stimulate
learners to reach their learning objectives [43]. Gamifica-
tion leverages the inherent human desire for competition,
recognition, and achievement, encouraging learners to take an
active role in their own education. Combining gamification
with adaptive learning can make the learning process more
enjoyable and effective, leading to increased retention and
improved outcomes [44]–[46].

V. PEDAGOGICAL GUIDELINES

The integration of educational intelligent tools has grown
exponentially, encompassing both enthusiasm and criticism
[47]. The pandemic has been a catalyst for this phenomenon,
not always in the most appropriate direction [48]. Indeed,
AI is entering education and training practice in unexpected,
problematic ways, with huge implications for education and
training professionals [47], at all levels of the educational
context [49]. However, the exploration of educators’ percep-
tions, practices, opinions and expertise with respect to systems
based on AI principles is only in its infancy [50]. The current

debate includes algorithmic literacy, understanding the ways
into which automations enact human action and how this
last instructs and supports AI development in ethical and fair
ways [51], [52]. From the educators’ perspective, intelligent
systems (particularly considering the field of learning ana-
lytics) could help educators automate routine administrative
tasks and promote several teaching tasks, from designing for
learning, searching for resources, and monitoring and provid-
ing judgments based on data to anticipate learning highest
standards as well as students’ difficulties [53]. As pointed
out in several works [47], [54], [55], there is a genuine need
to a) understand educators’ competencies to work with such
systems and b) evaluate the acceptance of AI-based digital
tools. Most works which attempt to measure digital tools’
acceptance use consolidated models such as the UTAUT model
or its precursor, the Technology Acceptance Model [47], [56].
Works coincide that perceived usefulness and ease of use
are positively related to digital tools usage intention, both
in educators [57], [58] and learners [59], [60]. Particularly,
educators’ acceptance of educational technologies is connected
to several factors. From the inception of technology acceptance
studies, the educators’ individual differences (particularly their
experience and exposition to technologies) play a significant
role [58]. However, understanding the immediate applicability
to the educational practice is another relevant factor which
crosses another relevant strand of research, namely, the ef-
fective development of professional learning settings overall
[61] and for technology uptake [62], [63]. In this field, it
has been emphasised that effective technological uptake very
much relies on the development of meaningful interventions,
connected to drivers of institutional transformation and linked
to a policy context; to establish diversified, adjusted to situated
professional needs; the provision of an appropriate mechanism
to circulate resources and to adopt them into daily teaching
practices, like peer-coaching, professional learning based on
problem-solving and in particular on communities of practice
[61] appropriate spaces to circulate evidence on the effective-
ness of resources or pedagogical approaches. In this regard, the
field of learning design has contributed with relevant studies
and conceptualisation of the support required by educators
when imagining interventions adopting technologies [64]. A
well-grounded principle is that of supporting, through situated
examples and mediating tools, the educators’ design-thinking
as a creative process where agentic expression and practice
can be adopted by the participants to a design for a learning
exercise. Most importantly, educators’ agency leads to a sense
of commitment, professional fulfilment and continuity in the
adoption of a particular tool [65]. Though educational AI tools
are emerging, similar patterns should be hypothesised. In this
regard, there is a shortage of research that must be tackled.
Furthermore, there are specific concerns relating the features
of intelligent systems, like for example the existence of educa-
tors’ concerns about AI ethics in education, including fairness,
transparency, and biases, as it has been shown in recent studies
[66]–[68]. To this end, the ENCORE system, which is based
on AI developments in support of instructional design could
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encompass resistance and or lack of engagement. Our focus is
based in three relevant principles: a) cultivating understanding
on the AI system supporting the ENCORE approach, display-
ing with clarity the ’human in the loop’ phase embedded in
the system; b) analysing and discussing the acceptance of
the ENCORE’s technology and its potential impact on the
professional development of university educators in a post-
digital and post-human context; c) developing pedagogical
guidelines supported by expert-based pedagogical scenarios
bridging the principles of professional learning with the strand
of design-thinking in education. Several pilots including these
three principles should support final engagement and further
spreading of the ENCORE’s system acceptance and integration
into the educational practice.

VI. THE ENCORE APPROACH

From a methodological point of view, the ENCORE project
combines quantitative/data-driven with qualitative/expert-
driven approaches to reach a nuanced and in-depth understand-
ing on how to support pedagogical design and teaching around
key skills affected by societal macro-trends. In particular, the
project develops pedagogical guidelines to support the (re)use
of OERs enhanced by the application of NER techniques com-
bined with the adoption of open recognition and credentials.

A. The development of pedagogical guidelines

To create all the supporting pedagogical material to use the
ENCORE database and the ENCORE enablers that is needed
to impact the education system. The pedagogical guidelines
will adopt learning scenarios pinpointing situated forms of
usage of the ENCORE system, based on the results of the
automated extraction of sets of skills, and the linked OER
database, as well as the enablers developed to support cogni-
tive engagement with the resources. Training materials and a
self-paced learning environment will be developed to present
the pedagogical guidelines (and hence the learning scenarios),
supporting staff development. The method to consolidate the
approach will rely on a Delphi survey (first loop of validation)
and an internal pilot phase based on a series of “educathons”
(staff development activities) with participatory engagement,
including learning design using the ENCORE approach, self-
evaluation and a survey including the UTAUT model, ad-
dressed to both HE lecturers and VET trainers. Similarly, an
external pilot will be based on a process encompassing edu-
cathons, a pilot test of the ENCORE approach, an evaluation
phase of the effectiveness of the use of the tools (and the
efficacy of the renewed training contents (learners), and a final
revision of the tools according to the collected and analyzed
feedback. Finally, this process will be in tight connection with
an open recognition and credentialization ecosystem of the
GDE competencies that will also be tested.

Considering the context presented above, in this Section we
present the concepts and the methodology that constitute our
proposed strategy. The general objective of ENCORE is to
contribute to the teaching and recognition of the skills most
relevant to the new macro-trends of digitalization, climate

Fig. 2. The ENCORE ecosystem’s components and information flows.

change and post-COVID economic recovery challenges. In
particular, we aim at facing the following challenges: (1) help
the students and workers to acquire the skills to face eco-
nomical, ecological and technological challenges; (2) mitigate
the skills mismatch between the demand of companies and
the supply of educational institutions; (3) support educators
to be aligned with the ever-evolving landscape of relevant
skills; (4) mitigate the reluctance to change of the education
sector; (5) support educators to face the evolution of the
educational context with proper pedagogical approaches; (6)
facilitate students in the certification of the skills they acquire
through non-standard pedagogical approaches.

With our approach we want to contribute to the teaching
and recognition of skills most affected by new macrotrends
by leveraging on the knowledge enclosed in Open Educational
Resources2. This knowledge will be extracted from the text of
OER using NLP techniques. With this approach, it is possible
to extract the information and knowledge contained in the
resources (see for instance [69]). In this context, our approach
mixes data-driven tools for teaching design with pedagogical
guidelines; these components will guide teachers towards a
proper design of courses able to reach the intended learning
outcomes and assessing the learning outcomes (Figure 2).
We aim to tackle learning outcomes linked to skills that will
help students facing the macro-trends of digitalization, climate
change and post-COVID economic recovery challenges. To do
so we leverage another source of textual knowledge, the ESCO
classification. By using NLP the OER are analyzed and Skills
detected and linked to the ones existing in ESCO. A dedicated
database is then organized with OER on one side and with
relevant skills on the other [70].

B. The Technological Ecosystem

From the technical point of view, the ENCORE project fol-
lows the approach of a technological ecosystem implemented
through independent and holistic components. In particular,
the main component of the ecosystem is a database containing
the OERs linked to GDE skills and the ENCORE enablers that
will provide useful learning paths by combining specific OERs

2https://www.oercommons.org/

Authorized licensed use limited to: UNIVERSITA TRENTO. Downloaded on July 29,2024 at 13:50:10 UTC from IEEE Xplore.  Restrictions apply. 



Fig. 3. Domain model of the database.

from the database. Through this approach, the technological
ecosystem can eventually evolve to include other tools to make
the holistic ecosystem more versatile and robust. This section
details the components of the ecosystem; specifically the
database and the enablers, their architecture, and an overview
of the pedagogical evaluation through which they will be
validated.

1) Database: The ENCORE database serves as the tech-
nological backbone, housing crucial information about OERs
and their relationship with GDE skills. Therefore, the database
schema must be both robust and flexible. Flexibility is vital
as the characterization of OERs and skills may evolve over
time, and a flexible database can accommodate this evolution
seamlessly. Furthermore, designing the database with flexibil-
ity in mind will benefit other components of the ecosystem,
minimizing the impact of any changes to the data schema.

The first version of the database will be based on the Dublin
Core Metadata Element Set (DCMES). This open-standard
metadata provides different attributes to describe educational
resources. Moreover, the principles of DCMES aligns with
the requirements of the ENCORE database, as its goals
focus on ”simplicity of creation and maintenance, commonly
understood semantics, international scope, and extensibility”
[71], [72].

Figure 3 depicts the domain model for the ENCORE
database. Each OER is characterized by the DC metadata
attributes, including:

• Title. An OER should have a title describing its content.
• Description. The description is crucial in the context of

the ENCORE project. OERs must be clearly described to
extract the GDE skills addressed in its content.

• Subject. The subject of the OER depicts the field tackled
by the resource, and it is also crucial to identify the skills
addressed through the content.

• Creator. The author or authors of the OER.
• Contributor. Entity or entities that contributed to the

OER content.
• Publisher. Entity or entities in charge of making the

resource available.
• Publication date. The date in which the OER was

published.
• Type. Category of the resource (image, dataset, text, etc.).
• Format. Technical format of the resource (applica-

tion/pdf, image/gif, etc.).
• Source. Reference to other resources from which the

OER was derived.
• Language. The language of the OER.
• Coverage. The applicability of the resource.
• Rights. Information related to the OER’s rights.
• Relation. This attribute is represented to the ”related to”

relationship in the domain model, and depicts related
resources to a certain OER.

In addition, each OER can be linked to one or more GDE
skills based on its content, which are characterized through
a label, a description, its relevance, and its domain (Green,
Digital, or Entrepreneurial domains).

This schema will be the base for developing this component
of the ENCORE ecosystem. However, another crucial step in
the implementation process of the database is the retrieval of
OERs to populate it with meaningful and quality resources
to be queried by other components. In this regard, a quality
assessment of existing repositories of OERs (ROERs) will
be performed to select and extract the required data from
their resources. The workflow proposed to tackle the OER
retrieval is described in Figure 4. For each selected repository,
a script will be developed to extract the metadata and textual
contents associated to its OERs by using available application
programming interfaces (APIs) or web scraping techniques.
The required data (driven by the database schema) will be
identified, extracted, unified, and arranged in structured for-
mats. Once the OERs have been extracted, a quality filter
will be applied to each OER. The quality filter allows the
identification of resources that could be less meaningful or
valuable to the context of this project. Finally, NLP tech-
niques will be employed to identify and link GDE skills to
each retrieved OER, to populate the ENCORE database with
quality, well-defined OERs complemented with meaningful
information regarding the skills covered by their contents.

The ENCORE database is complemented with a REST API
to enable the retrieval of the OERs metadata and contents
by other tools. With this approach, any software solution
complying with the API interface could take advantage of
the ENCORE database. In this sense, one of the beneficiary
components of this ecosystem are the ENCORE enablers.
These enablers will support teachers in the creation of learning
paths using the collected OERs, as it will be detailed in the
following subsection.

To describe and organize the various stages of usage, the
ENCORE Enablers approach comprises four distinct steps,
as depicted in Figure 5. These steps delineate the overall
objectives of the two ENCORE enablers: the Enabler for
Educators (E4E) and the Enabler for Learners (E4L). The
first step, Discover, involves educators delving into relevant
concepts and skills that will serve as the foundation for their
learning activities. These skills are identified within specific
the Green, Digital, and Entrepreneurial domains, and are
selected from the ENCORE database (introduced in Section
VI-B1). Educators identify pertinent skills and knowledge
concepts within the domain, such as ”circular economy” or
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Fig. 4. OER retrieval workflow.

”food waste reduction,” in order to identify suitable OERs.
Moving on to the second step, Collect, educators can review
the extracted educational materials within the OERs and care-
fully select the most relevant ones. They have the flexibility to
export these materials to other Learning Management Systems
trough a dedicated ENCORE plugin for Moodle3, or use them
to enhance and refine a learning path based on the concepts
covered in the OERs.

In the subsequent step, Design, educators have the ability
to convert the primary concepts from the collected OERs into
a concept map using semantic similarity algorithms. They can
then personalise the generated map by adding new concepts,
making edits to existing ones, and arranging them as needed.
The resulting concept map can be transformed into a learning
path, where relevant educational resources and activities are
associated with each node or concept. Educators have the
freedom to determine the order of these resources and include
various types of educational materials. These materials can
be manually added, linked to existing OERs, or generated
using generative models. Furthermore, the resulting learning
path can be shared with students in the subsequent phase.
Additionally, the learning paths can be utilized to validate
the assignment of open badges, depending on the successful
coverage of concepts and resources throughout the path.

Lastly, in the Execute phase, students gain access to the
learning paths crafted by educators. They can utilise notebook
interfaces to explore the learning activities presented within
each node of the path, allowing them to personalise their
learning experience by accessing different resources. These
notebook interfaces enable students to engage with the mate-
rials in a flexible and personalised manner.

2) ENCORE Enablers: Using the E4E, each Educator
has the autonomy to design Learning Paths for their
learners (Design phase of Figure 5). These learning paths
are designed to be decomposed into a set of Learning
Fragments, which are centred around the same topic or
subject matter. These learning fragments allow for a more
granular and focused approach to education, enabling learners

3https://moodle.org/

to concentrate on specific aspects of a competence while grad-
ually building a comprehensive understanding. Learners
can follow these paths (in the Execute phase) of Figure
5), acquiring competences in a well-organised manner, and
ultimately reach their desired end competences, which signify
their mastery and proficiency in a particular domain. This
approach fosters a systematic and efficient approach to skill
development, empowering learners to achieve their learning
goals and excel in their personal and professional endeavours.

Each learning fragment consists of a set of interconnected
Learning Activities and serves as a guided process
that helps learners achieve specific learning objectives. The
activities within each fragment are designed to be executed
in a particular order, facilitated by the Progress Edge
entity. As learners progress through each learning fragment,
they follow a structured sequence of activities that build upon
one another, providing a coherent learning experience. Each
activity serves a unique purpose, contributing to the overall
attainment of the learning objectives defined for that fragment.

The Progress Edge entity introduces the opportunity
to have multiple outgoing outcomes from a learning activ-
ity. It guarantees a logical and structured flow of learning,
ensuring a sequential order for completing activities. With
the Progress Edge, the learning journey becomes more
dynamic and adaptive, accommodating various learning styles
and preferences. Learners are empowered with choices, en-
abling them to engage with the material and receive tailored
feedback and validation methods based on their performance.

The Progress Edge enhances personalised learning experi-
ences in several ways:

• Diverse Outcomes: The Progress Edge allows for mul-
tiple outgoing outcomes from a learning activity, such
as unconditional progression, pass/fail assessment, exact
value, and custom validation. This diversity in outcomes
enables learners to receive feedback and recognition
based on their individual performance and understanding
of the material.

• Tailored Learning Paths: With the ability to choose
from different outcomes, learners can take a more tailored
approach to their learning journey. They can select the
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Fig. 5. The four steps of the ENCORE enablers approach.

path that aligns with their learning goals and preferences,
ensuring a personalised and engaging experience.

• Adaptive Feedback: The Progress Edge enables adaptive
feedback mechanisms based on the chosen outcome.
Learners receive specific feedback aligned with their
performance, helping them identify areas of improvement
and reinforcing their strengths. Learning Flexibility:
Personalized learning experiences are all about flexibility.
Learners can progress through the content at their own
pace, diving deeper into topics that interest them or
spending more time on challenging concepts.

• Motivation and Engagement: Personalization fosters
motivation and engagement in learners. When learners
feel that the learning experience caters to their specific
needs and interests, they are more likely to stay motivated
and committed to their studies.

Employing a systematic approach to learning allows learners
to effectively grasp complex concepts and develop compe-
tences step by step. Learning activities come in vari-
ous forms to cater to diverse styles and objectives. Synthesised
Activity involves proposing learning activities aligned with
specific goals, utilizing recommendation systems or generative
AI techniques. Set Activity grants learners autonomy to
choose activities based on individual interests, preferences,
and prior knowledge. It promotes personalized learning expe-
riences, allowing learners to focus on challenging areas, delve
into passions, and connect different sub-activities. Collabora-
tive Activity involves learners working together to achieve
shared learning goals, fostering teamwork, communication,
and cooperation. Assessment Activity plays a crucial role
in evaluating learners’ competence within the learning path.
It measures proficiency through quizzes, exams, or practical
exercises, providing a quantitative measure of performance and
valuable feedback on competence development.

OERs offer a valuable and versatile resource that can be
utilised across all the learning activities mentioned previously.
Whether in Set Activities, Collaborative Activities, Synthe-
sised Activities, or even Assessment Activities, OER provides
a wide array of freely accessible educational materials that
can enrich the learning experience. By exploiting OERs across
these learning activities, educators can enhance the quality and
accessibility of education while promoting lifelong learning
for a broader and more diverse audience.

C. Gamification and Open Badges

Gamification involves incorporating game elements to guide
users through challenges, ensuring their engagement in social
activities like group work or competitions. This approach
includes the provision of immediate feedback, characteris-
tic of a game-like environment, and encourages learners to
autonomously make choices to progress along individually
determined paths. [43]. Gamification mechanics are funda-
mental to the learning path personalization process in two
ways. Not only do they keep the learners engaged, but they
can also be used as tools to gain insight into the student’s
behaviour from a different perspective and thus help generate
a more personalised and engaging learning path. For this
purpose, the E4E provides a way to give specific gamification
feedback to students throughout the advancement of the game
narrative, via specific information defined in the edges of the
learning path [73]. In this context, gamification strategies, such
as completing levels, receiving feedback, or earning virtual
rewards, can seamlessly integrate with the acquisition of open
badges.

Within the ENCORE platform, this combination of gami-
fication and open badges empowers educators to create more
immersive and gratifying learning journeys. Learners are not
only motivated by the inherent enjoyment of gamified ele-
ments but also by the tangible digital badges symbolizing
their accomplishments, fostering a sense of achievement and
acknowledgment. This synergy actively promotes sustained
engagement and continuous skill development within the
educational framework. Furthermore, the platform advocates
for the social value of competence and skill recognition,
fostering practices that enhance opportunities for individuals
and communities to receive acknowledgment and contribute
to the recognition of others [74].

VII. THE INNOVATIVE NATURE OF ENCORE

The solution proposed in this article brings to the fore the
need of interdisciplinary collaboration to fully embrace the
potential of AI in education. Specifically, it blends technolog-
ical and pedagogical methods, exploring techno-pedagogical
approaches to achieve the project outcomes: improving and
refining educators’ and trainers’ usage of OERs. As we
emphasised in the introduction, the low OER usage and the
difficulties in selecting the appropriate materials in the middle
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of an increasing abundance, is one of the most relevant
problems to fully deploying open education. For what concerns
methods, the first relevant result relates to the OER database,
built over quality standards and affordances that facilitate
searching and retrieving the right record according to a skills
development perspective. Even if many collections and search
engines of OER exist, none of them is explicitly linked to GDE
skills. Furthermore, the database will create an interesting link
between ESCO skills and OER, again pushing the use of
ESCO in an educational context. The second relevant result
can be connected to an attempt that (to the best of our
knowledge) pioneers in the research panorama the integration
of Natural Language Processing techniques and pedagogical
expertise to support educational design. As a result, we antic-
ipate assisting educators in their quest to create cutting-edge
pedagogical approaches to addressing the social difficulties
of acquiring green, digital, and entrepreneurial skills through
the use of OER and personalized and gamified learning
paths for their learners. While preliminary evidence of this
impact has been explored in select areas, such as Model Driven
Engineering [73], [75], we are committed to conducting further
extensive research in other domains and educational contexts.

The proposed method introduces an additional innovative
component, as it not only pertains to enhancing educators’
professional practices but also certifies professional learning
within the ENCORE system through a certification process.
Given that the solution proposed will enable the creation of
digital-by-design courses, where every step supports educators
in learning with digital data and tools, an open certification
will be easier to reach, since educators (and learners) can
decide which of the generated information to add to the
certificate. Through the aforementioned elements, we bring
to the fore how ENCORE is based on a mix of expertise
coming from different domains: engineering, computer science
and pedagogy. The synergies coming from these three fields
will make it possible to have a rigorous pedagogical approach,
that is responsive with regard to actual educational needs
like quality, and updated resources to deal with the digital
transformation while embracing a green economy that gives
value to human creativity and entrepreneurship. In this regard,
technologically intensive educational activities, which have
been criticised for entailing naive, techno-deterministic ideas
about the connection between innovation and educational
quality [67], could be aligned with a sound pedagogical
perspective.

VIII. CONCLUSION AND FUTURE WORK

This paper has introduced the ENCORE approach, which
combines expert-driven and data-driven synergies to tackle
several challenges faced by the education system in the post-
digital era. These challenges include harnessing the infor-
mation and values included in Open Educational Resources,
supporting the certification of skills relevant to the macro-
trends of digitalization, climate change, and post-COVID
economic recovery, harnessing adaptive and gamified learn-
ing approaches for the educators and learners to delve into

an evolving landscape of relevant skills, and enhancing the
link between intelligent digital agents and human agents in
education providing support from both a technological and a
pedagogical standpoint.

To address these challenges, the ENCORE approach com-
bines a quantitative/data-driven and qualitative/expert-driven
side to gain a nuanced and in-depth understanding of how to
support the pedagogical design and teaching around key skills
affected by societal macro-trends.

The data-driven side of the ENCORE approach involves
extracting information from OERs and applying Natural Lan-
guage Processing techniques to link it with relevant skills in
common reference frameworks, such as ESCO. The ENCORE
database has already been created, and a first version of the
ENCORE enablers have been developed. As expressed in the
specific sections, such developments are based on data which
is not always efficiently labelled and require human interven-
tion in order to re-address algorithmic biases in dealing with
data. Additionally, there might be missing information from
OERs that should be extracted and elaborated to be success-
fully used. This information can include skills, competencies,
or qualifications that are not explicitly stated in the OERs.
Moreover, it is important to note that OERs are constantly
evolving, and new resources are continually being added to
OERs repositories. Therefore, there is a need for a constant
update of the resources to ensure that the ENCORE platform
remains relevant and effective.

More importantly, recent applications of Large Language
Models (like GPT and BARD) have sparked discussions on
the potentialities and challenges of these tools in the educa-
tion domain [76]. Even though the extent into which these
technologies can be used with proficiency and critical use is a
matter of ”AI literacy” [77], users may have little interest in an
AI-based digital ecosystem that does not incorporate similar
features. In this sense, ENCORE could integrate LLMs tools,
but this requires further research on how and why to introduce
such platform-based tools within the specific development of
ENCORE. The former discussion liaises with the expert-driven
educational side, which focuses on designing and promoting
pedagogical guidelines through participatory spaces, to support
the (re)use of OERs combined with the adoption of open
recognition and credentials. AI literacy is a clear focus for
educators as it has been media education for the reasons early
expressed: ethical perspectives, the political implications of
using a technology that is created elsewhere and applied in a
different space with users whose regulations belong to another
geographical area are various. In this regard, ENCORE offers
a fully-based EU development, but the question about the user
experience will be a fulcrum along with the several participa-
tory activities to engage educators and students in trials and
the successive improvement of the ENCORE approach. The
critical issue here is to support agentic practices enhancing and
enjoying technological uses, not imposing tools for the sake
of an imagined utopia in the future which does not belong to
the situated contexts into which the tools are offered. Much
research about engagement, but also the errors, biases and
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ethical implication of adopting tools like the ENCORE data-
driven approach to collect OER are necessary.

The ENCORE approach confronts a critical challenge:
bridging the gap between cutting-edge data-driven technolo-
gies and foundational educational insights to empower educa-
tors and learners in optimizing Open Educational Resources.
This dialogue is essential now more than ever, as technology
and education converge. By pioneering this discourse, the
project not only aims to deepen our understanding but also
offer a transformative framework that fully harnesses the
potential of open education in the era of artificial intelligence.
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[34] A. Romero-Peláez, V. Segarra-Faggioni, N. Piedra, and E. Tovar, “A
proposal of quality assessment of oer based on emergent technology,”
in 2019 IEEE Global Engineering Education Conference (EDUCON).
IEEE, 2019, pp. 1114–1119.
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