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Abstract
Our economies and societies are becoming more and more knowledge based which 
implies that increasing numbers of people need to be educated and trained on new 
subjects and processes. Thus, the reduction of the effort needed to design and pre-
pare educational and training programmes that meet the needs of the society and the 
market is of paramount importance. To achieve this goal, first, we define a learning 
programme model so that programme designers can easily exchange and re-use pro-
gramme structures and learning materials. The proposed model additionally enables 
easier creation of interdisciplinary programmes which is another need of today’s 
market. Second, we deploy a web-based tool that adopts this model towards facilitat-
ing the re-use of structures and materials. Third, to reduce the time required for the 
training actors to sense the market needs, we propose the establishment of an edu-
cational programme marketplace. All three endeavours have been validated in the 
energy transition sector and (positively) evaluated by experts during an international 
workshop.

Keywords Educational programme modelling · Education resource re-use · 
Effective programme design

Introduction

Technology progresses very fast and revolutionises many diverse sectors of the 
economy, where the application of novel solutions is beneficial. In order to max-
imise the benefits of the new technologies for both the society and the economy 
areas, many people in different geographical areas and of diverse backgrounds—
acting in different roles (Sum and Jessop 2013)—need to be trained. This involves 
educating students, raising awareness of citizens and (re-)training of workers; this is 
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not coming as a surprise since our societies are moving towards a knowledge-based 
economy. The times when a worker learned and executed one specific process or 
used the same specific machinery throughout their work life are gone.

An excellent paradigm of this situation is the energy sector, where the energy 
transition is considered a great societal and sustainability challenge that has to be 
jointly addressed by all actors (e.g. society, market, policy makers, employees of the 
sector at all levels, scientists, technology experts etc.). If we want the technologies 
that enable and support the energy transition to penetrate the market, young engi-
neers/students and already employed engineers need to be trained. Also, business 
model designers and solution marketers need to understand the new systems and 
services (e.g. flexibility services) in order to decide how to sell them. Even more 
importantly, the society members must get ready to understand and respond to the 
challenge selecting and using the most appropriate services and making energy-wise 
choices. Policy makers and authorities, which are catalysts of the energy transi-
tion, should have the opportunity to learn more on the different aspects of energy 
transition.

Currently, there is a huge gap between the knowledge, skills and competence 
needs of the involved organisation, and the corresponding availability in the society 
(Cedefop 2015). The gaps are in (a) knowledge of novel technologies, (b) under-
standing the inter-dependence between technology and societal needs and (c) soft 
skills such as problem solving, conflict resolution, critical and strategical thinking. 
A first cause of this gap is the inertia of the academia, i.e. the fact that educational 
and training actors sense the job market at a very low pace compared to the speed of 
technological evolution and market needs change. Second, even when these needs 
are identified (as is the case for the energy sector (Czako et al. 2018), it is not easy 
to bridge these gaps, due to the required effort to develop novel programmes for 
each of the above groups (technicians, students, managers, policy makers, citizens) 
across different countries, adopting different languages. For example, whereas aca-
demic institutions conduct research on relevant technological areas and possess 
knowledge on novel technologies, they only cater to their own students. Also, the 
renovation of curricula and the integration of new courses and activities is subject to 
the boundaries of schedule and approval paths of the Institutions and hampered by 
the internal organisation based on disciplinary separation (Faculties, Departments). 
Furthermore, multidisciplinarity has been poorly addressed by universities and even 
more poorly by vocational training up to now. For example, to deliver an Internet 
of Things (IoT) solution tailored to a smart grid, the designer must understand the 
basic principles of both IoT (which is a topic usually studied in Information and 
Communication Technology Departments) and energy system operations (which is 
usually taught in Electrical Engineering Departments). In other words, this knowl-
edge is not integrated in Acadmia, and thus, it is difficult for engineers to combine 
the disciplines of information solutions and power systems. The situation is simi-
lar in other sectors (e.g. energy sector, Industry 4.0, public services) and technolo-
gies like Artificial Intelligence and Big Data to name a few. Additionally, the peo-
ple who possess this knowledge and are in charge of transferring it to the learners 
in other disciplines are mostly technology experts with very limited knowledge of 
educational design and instructional design methodologies. Even more importantly, 
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they currently do not use tools that would enable course design and material sharing. 
Currently, in practice, professors and tutors do not use collaborative tools to design 
their courses while for the materials, they use, in practice they share them with their 
students through Learning Management Systems. These systems do not facilitate the 
sharing of the course designs and learning materials. If they had such tools, the pen-
etration of technology in the society would be much easier and more efficient.

Our aim is to define and deliver a set of tools that will support academia and 
training organisations to tackle the current mandate for technology-relevant educa-
tion/training worldwide. Namely, we aim to address the following research ques-
tions: (a) how can we overcome the inertia not only mainly of academia but also 
of training organisations in sensing the market needs, i.e. shorten the required time 
to sense the needs of the market and society? (b) How can professors and tutors of 
technological subjects share course designs and materials so that they educate/train 
more people in diverse settings, i.e. reduce the time to design a new programme 
and reduce the time required to develop learning materials. In this article, it is pro-
posed a graph-based structure to model educational programmes, which consists of 
three hierarchical levels: (a) the learning topic, (b) the learning outcomes and (c) the 
learning materials. The educational programme designer creates the instance of such 
model for an educational programme with a specific learning topic, targeting differ-
ent groups (e.g. students or employees of a company), embracing different learning 
modes (e.g. face to face, distance learning or blended), because they share the same 
set or subset of learning outcomes and set or subset of learning materials.

The instances of such model are created for an educational programme with 
a specific learning topic, the educational programme designer can easily cre-
ate courses targeting different groups (e.g. students or employees of a company) 
embracing different learning modes (e.g. face to face, distance learning or blended) 
because they share the same set or subset of learning outcomes and set or subset 
of learning materials. Also, to allow tutors/professors/training programme designers 
across the world to share these structures and material, a web-based platform was 
developed, where they create and share resources. Furthermore, to help the training 
providers (academia and training organisations) to sense in a direct way the mar-
ket needs, the establishment of an educational/vocational programme marketplace is 
proposed, where those in need of skills and training meet those who can offer them. 
It is considered that addressing these research questions will have a major impact (a) 
in the educational activities of our societies, as these will reach larger audiences and 
(b) in the sustainability of our societies, as citizens will be well informed to decide 
which technologies should accept/reject, businesses and policy makers will be able 
to recognise which technologies to adopt to tackle their challenges (e.g. energy effi-
ciency, environmental impact).

The rest of this paper is organised as follows: in “Related work”, a brief overview 
of the efforts to standardise the description of educational assets and of instructional 
design methodologies are provided. In “The requirements”, the energy sector is con-
sidered as a use case to elaborate the requirements for education and training that 
need to be met and are also highlighted other sectors that exhibit the same require-
ments. In “Graph-based learning toolbox”, the proposed model is presented, along 
with the rationale of the choices. The web-based tool used in the implementation 
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and validation of the proposed model is presented in this section. The educational 
programme marketplace is also presented in this section. “Assessment results” 
reports the evaluation results collected from an international audience of professors/
trainers and students/trainees. In “Discussion”, the discussion of the evaluation’s 
results, the results from the group interviews as well as quality and sustainability 
issues are presented. Finally, “Conclusion” concludes the paper.

Related work

Learning design is the framework that supports learning experiences and refers to 
deliberate choices about what, when, where and how to teach. Instructional design 
is the process by which instruction is improved through the analysis of learning 
needs and systematic development of learning experiences. According to this defi-
nition, instructional designers have two primary functions (a) to analyse learning 
needs and (b) to systematically develop improved learning experiences. Instructional 
designers often use technology and multimedia as tools to enhance instruction. In 
the domain of learning and instructional design, a set of models have been used to 
scaffold learning activities and processes (see also Koper and Bennett 2008) like the 
Analyse, Design, Develop, Implement and Evaluate (called in short, ADDIE) model 
initially presented back in 1975 (Kurt 2017), the Merrill’s Principles of Instruction, 
the Gagne’s Nine Events of Instructions, the Bloom’s Taxonomy with its revised 
versions (Bloom 1956) and others. These theories and models have solid grounds in 
psychology and pedagogy sciences and have been used by teachers and instructors 
for decades, especially when targeting non-adult education. According to Bloom’s 
taxonomy, learning is in fact a sequential and hierarchical process which starts from 
lower order thinking skills such as remembering and understanding to higher-order 
thinking skills such as creating, evaluating and analysing (Rust et al. 2003). Clas-
sifying the learning outcomes in the different levels of the Bloom pyramid helps the 
designer to specify the purpose of the learning experience they design and hence, 
specify appropriate tools. This approach is inherently appropriate when the topic at 
hand is related to technology as this is built in a hierarchical way.

All these theories contribute in assisting the instructors in their duty, learning 
experience design and deployment, which is an extremely complex process as they 
should pay attention to dozens of factors to design the perfect learning experience. 
In any case, adopting a model ensures that the learning design will achieve a certain 
quality and will not neglect important aspects of the experience design. However, 
they do not pay attention to the re-usability of the designs and learning materials, 
since these are aspects related to the classification’s ontologies of learning objects 
on a higher level of abstraction.

As technology entered the learning experience era, more than fifteen years now, 
different new attempts to standardise aspects of the learning process have been 
made. One of the first attempts of content packaging is Shareable Content Object 
Reference Model—SCORM (SCORM 2004), which focuses on digital learn-
ing objects that can be (re-)used through different Learning Management Systems 
(LMS). The main feature of SCORM is the transferability of content among different 
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LMSs based on a common metadata structure. This formalisation paves the way for 
a more adaptive learning environment which provides the learner with the freedom 
to choose his own study paths. A step forward happened with xAPI (xAPI 2020), 
a standard for learning experiences, which can be further personalised by track-
ing cross-platform and multiple format learning activities and micro-behaviours. 
In parallel, UNESCO, under the Open Educational Resource framework, gathers 
materials fostering their re-use (UNESCO 2020). The value of Open Educational 
Resources (OER) was recognised, as testified by numbers of technical and policy 
reports (Santos 2019). The Joint Research Report outlines the ten dimensions of 
open education based on the OpenEdu Framework (Santos and Punie 2016). Also, 
it shows how academics can establish Open Educational Practices (OEP) to prompt 
inclusion and innovation as important values, starting from their day-to-day activi-
ties such as teaching, knowledge creation and research. The aim is to create (make, 
own and control copies of the OER) without digital rights management restrictions, 
re-use (use the OER partially or completely for their own purposes in a wide range 
of ways), revise (adapt, adjust or modify the OER), redistribute (share the OER with 
others) and remix (combine existing resources in order to create a new resource). 
Several search engines and directories targeting the sharing of OER like MERLOT 
(MERLOT 2020) exist today. However, MERLOT is focussed on learning material 
sharing whereas the objective of the work presented here is to extend the sharing to 
educational programme design. A different effort focussed on the evaluation of OER 
defining the corresponding rubric. Guidelines for the design of distance learning 
experiences have also been produced as, e.g. by OpenUpEd (OpenUpEd 2015). Sim-
ilarly, CEDEFOP has provided guidelines on the definition of learning outcomes so 
that interested parties have a common way of describing and re-using them (CEDE-
FOP 2017). Further research aims at the definition of methodologies, ontologies 
and contents have been proposed as, e.g. in Boyce and Pahl (2007). In Tsatsou et al. 
(2017) and MaTHiSiS (2020), a graph-based approach was developed to model the 
learning experience in order primarily to enable learning experience personalisation 
and secondly to share learning design and resources.

As a consequence of the co-evolutionary process of developing new learning 
technologies for online environments and of sharing of learning material, a novel 
approach is to combine a standard system of metadata for content classification with 
a common structure of the learning process. Fostering multidisciplinarity is not a 
secondary goal of such an approach. In the following section, we will see how and 
with what results. The combination of a standard system of metadata for content 
classification with a common structure of learning process is an enabler to sharing 
learning materials and structures in a flexible and efficient manner. No standard or 
common way to achieve is yet in place.

The requirements

The modern knowledge society and labour market have rendered lifelong learn-
ing a mandate. The quote “knowledge is power” has nowadays been transformed 
into “Knowing how to learn is power”. Thus, the focus is on establishing a 
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common model to optimise the design, delivery and dissemination of educational 
programmes. To make the requirements as concrete as possible, they were defined 
in the context of the energy sector, which is the sector included in the list of the top 
Sustainability Development Goals defined by OECD (OECD 2015) as it has direct 
impacts on our societies and then discusses similarities with other sectors. The main 
intricacies that create novel educational requirements in the selected sector are the 
following:

• Energy transition employees need upskilling to understand and use the novel 
technologies that penetrate the market. Educating such large numbers of individ-
uals in few years is almost impossible and brings training efficiency to its limits.

• Energy transition employees need today multidisciplinary understanding, with 
most of them having graduated when multidisciplinarity was not at the forefront 
of education systems.

• Problem-based solving and case-based solving are an important issue as the 
problems in each new energy facility is quite unique in the sense that there are 
few replicas similar enough that the same methodologies can be blindly applied. 
This also points at the need for highly educated/trained people in this sector with 
high problem-solving competence.

• Energy transition relies on the evolution of multiple and very diverse scientific 
disciplines ranging from mechanical engineers and nano-technology to flexibil-
ity service design which is rather a business development topic. This mandates 
the intensification of scientific research in multiple domains at a high pace.

• For energy transition to become a reality, awareness in society needs to be raised. 
People need to understand the severity of the physical resource sustainability 
problem and how their actions can affect the situation. The understanding of 
shared responsibility definitely needs to be enhanced.

• Different learning modes (e.g. face-to-face, online synchronous, asynchronous or 
blended modes) must be supported to fit the needs to the diverse audiences. Face 
to face may be the preferred style for students, but asynchronous online is better 
suited to professionals and employees, as well as citizens. Today, blended and 
Massive Open Online Courses (MOOC)-based learning could significantly help 
in enriching the skill set and knowledge based of all people (students, employees 
and citizens alike).

• An easy and direct way for the market and professionals to declare their needs 
for skills, competences and knowledge enrichment is needed. This would enable 
academic and training actors to continuously sense the needs and prepare corre-
sponding programmes.

The sector of industry 4.0 is another sector where different novel technologies 
are combined to improve the efficiency of the processes which mandates the re-
training of the employees. For example, Internet of Things, Artificial intelligence 
and Big Data are technologies that drive industry 4.0 vision. Additionally, under-
standing both manufacturing processes and new technologies (e.g. artificial intelli-
gence) requires a multidisciplinary approach. On the other hand, the citizens need to 
become familiar with novel technologies that industries put in place to communicate 
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with them. In the public sector, technologies like Artificial Intelligence, Big Data 
and Internet of Things can bring significant improvements. Examples include arti-
ficial intelligence techniques for prediction of needs for resources (e.g. number of 
servants needed for a specific event or occasion). All these require (a) technical 
experts with understanding of the processes to design and develop them, (b) citizens 
feeling safe and confident to use the technologies and (c) policy makers to under-
stand the potential benefits and establish appropriate frameworks.

In summary, multiple sectors of the economy can benefit from diverse technolo-
gies. To enable this improvement, large numbers of experts/professionals need to 
be educated/retrained and the awareness of large audiences (comprising of citizens 
with different backgrounds) across the world regarding the use of novel technologies 
and approaches need to be raised. Still, tools that would allow educators to share 
resources (instructional designs and materials) and thus reduce the required effort 
are not yet in place. Similarly, online spaces where the people interested in training 
would join organisations offering it are not yet widely spread.

Graph‑based Learning toolbox

The learning model

For the definition of any course programme, the basic elements of instructional 
design are (a) Learning topics, i.e. general statements of what we want our students/
trainees to learn, which express the main learning goal and hence are usually broad. 
(b) Learning objectives, which are measurable sub-goals of lecture/units. (c) Learn-
ing outcomes, which consist of the specification of what a student is expected to 
learn as the result of a period of specified and supported study. Learning outcomes 
are concerned with the achievements of the learner rather than the intentions of the 
teacher (expressed in the aims of a module or course). For each programme/course, 
different learning materials are prepared and used to achieve the set of defined learn-
ing outcomes.

As a first step towards defining a more concrete structure/organisation, it is pro-
posed that each learning topic is sub-divided in multiple learning objectives, each 
learning objective is associated with multiple learning outcomes and each learning 
outcome can be achieved through multiple learning materials. As a second step to 
facilitate resource sharing, the “learning objective” was replaced by a direct link 
between the learning outcomes with the learning topic. The structure now becomes 
as shown in Fig. 1.

As a third step, the attributes of each element of the graph were defined so 
as to make search and re-use easier. Namely, the learning topic reflects the sub-
ject of the whole educational programme, and it is categorised under a specific 
field. This classification can be performed according to the well-established tax-
onomies, specifically (OECD 2015) and (IEEE 2019), and additionally, relevant 
keywords could accompany the topic to facilitate search. Each learning topic is 
characterised based on the following attributes: (a) thematic field under which 
is classified (e.g. smart and flexible energy systems, energy storage, renewable 
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energy, etc.), (b) title: this is the name of the instance of the learning graph 
model, (c) relevant keywords: to facilitate search from tutors looking for similar 
topics and (d) author and organisation.

For the learning outcomes, the widely used definition was adopted and existing 
guidelines on how to phrase a learning outcome were followed (Kennedy 2006). We 
consider that each learning outcome is associated with (a) a specific learning topic, 
(b) title: this is the name of the learning outcome, (c) relevant keywords: to facilitate 
search from tutors looking for similar topics and (d) author and organisation.

Finally, learning materials are whatever can be used by a learner to achieve a 
learning outcome. It can be a lecture offered by a professor, a serious game, video-
based lessons, documents and presentations, problem-solving projects (described in 
any format), web-based materials like quizzes, 3D objects, native mobile applica-
tions that can be executed anywhere, robot-based activities or HoloLens-based mate-
rials or any other. Each learning material is associated with the following attributes:

• Target learning outcome
• Targeted European Qualification Framework (EQF) level
• The targeted learning/delivery mode (e.g. face to face, online, blended etc.)
• The targeted audience
• Format
• Content
• Author and organisation.

Fig. 1  The proposed educational programme model
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A web-based application supporting the design of learning graph instances and 
the sharing of resources among all users of the application has been developed and 
is presented in the following section.

The web‑based tool to design learning programme

A web-based application supporting the design of learning graph instances and the 
sharing of resources among all users of the application has been developed (ASSET 
2020) using content management system technology. The learning graph tool helps 
learning/instructional designers, professors and tutors that find (a) available course 
structures (to avoid conceiving them from scratch) and (b) available learning materi-
als of different types. Once they find learning materials that can cover (most likely 
partially) their needs, they can autonomously adjust them using appropriate tools. 
They are also free to insert their (newly created) structures to help other tutors/
instructors in their work. The possibility to trade both structures and material is fore-
seen to be supported in the future so that the platform becomes a hub for all types of 
contents.

The landing page is shown in Fig. 2. The users, after completion of the author-
isation process, can create their own learning graph instances. For the search, as 

Fig. 2  The web-based learning graph creation tool
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shown in the figure, the user may fill in either the thematic field or/and some 
keywords. The graph instances of the relevant educational programmes appear 
with their first learning outcome shown as well as the relevant learning materi-
als. To see the rest, “show more” should be selected, as is the case for the first 
graph for topic “New Materials for solar cells applications” in the figure. Any 
user can create new learning graphs based on existing ones for the same or simi-
lar topics using the “clone” option without affecting the initial structure. This 
way it is easy to create (a) variations selecting the elements (learning outcomes 
and learning materials) that other tutors have created and (b) combinations to 
serve multidisciplinary topics.

Additionally, there is the option to create a new learning graph and select to 
populate it with existing or new learning outcomes and link them to existing or 
new learning materials. For this purpose, the tool supports the user to link a new 
learning outcome with any mix of existing and new learning materials. To facil-
itate this “mix and match” process, search functionality on learning outcome 
level and learning material level is supported as shown in Fig. 3.

The proposed learning model and the accompanying digital tool are meant to 
significantly facilitate sharing of learning graphs and materials because profes-
sors/instructors can create quickly learning programmes targeting:

• Different EQF levels, since these usually share common graphs (e.g. learn-
ing topics and outcomes). For example, assuming a professor has created an 
educational programme on electrical vehicles for undergraduate students, an 
instructor interested in preparing an educational programme at EQF level 4 
can inspect the available graph (through the tool) and keep (re-use) a part of 
the graph.

• Different teaching models (face to face, MOOC, blended or other) may have 
common components e.g. online test, case-based modules, lectures or educa-
tional apps. So, the same learning graph with additions or replacement of a 
subset of the learning materials can be used and thus significantly reduce the 
time required to prepare the new programme.

• Different subjects that may share subsets of the learning model structures 
(e.g. learning outcomes).

• Multiple disciplines since these may share structures associated with each of 
the involved disciplines plus additional ones.

• The society at large As the tool contains structures on different subjects, less 
effort is required to create a course for the citizens or to prepare a seminar 
using the available materials. Furthermore, MOOCs created for the citizens 
can very well be promoted by trainers and professors so that these reach 
wider audiences.

In all these cases, the tutors can re-use the whole learning programme and 
associated graph (organised in outcomes and associated with materials) obviat-
ing the need to design and develop everything from scratch.
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The educational programme marketplace

To bring academia and training organisations in direct link with the society and the 
market needs, the establishment of an educational online marketplace is proposed. 
In this marketplace, all training/education providers announce the programmes they 
offer indicating the topic along with keywords, the targeted EQF level, the learning 
mode (face to face, MOOC, blended), geographical data if the course is offered as 
face to face and information on how to reach the entity that provides the educational 
programme. On the other hand, companies that want to train their employees, or pro-
fessionals or citizens may search the available educational programmes according to 
the same attributes. If they find a programme that satisfies their needs, they contact 
the relevant provider and enrol in the programme. If they do not, the marketplace 
supports them in placing enquiries. These enquiries for educational programme 

Fig. 3  The web-based learning graph creation tool
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creation are delivered to the education/training organisations that are members of 
the marketplace community. These actors then decide whether to prepare an offer. 
It is worth stressing that taking advantage of the learning graph tool, it is easier for 
them to create the requested educational programme, thus the preparation time and 
the cost of the programme is reduced. This way, all involved actors (companies from 
the different market sectors, citizens and educational/training organisations) are 
benefitted. The proposed marketplace for the energy sector was developed using a 
content management system and delivered to the audience. It is worth stressing that 
for registering an educational programmes, the registration of the relevant learning 
graph in the learning graph tool is a possibility but not a prerequisite.

Assessment results

In order to validate the proposed approach and tools, we have pursued two evalu-
ation paths: one with the tutors and another one with the students/trainees. We 
collected feedback through questionnaires and group interviews. The results are 
described in the following sections.

Evaluation with the professors/tutors

To evaluate the proposed model and tools, two workshops with tutors/professors 
were organised: one in the framework of the 16th International Conference on Intel-
ligent Tutoring Systems (ITS2020 2020), which attracted 50 attendees reporting 
14 different affiliations across Europe, most of them coming from universities and 
vocational training organisations and another one in Spain (held in October 2020) 
which attracted more than twenty people. During the first workshop, instructors 
from academia and training organisations received a 10-min introduction and then 
experimented with the presented models and tools for one hour during which they 
created new programmes with the tool and then announced them in the marketplace. 
At the end of the workshop, they filled in an anonymous questionnaire providing 
their comments. After that, a group interview followed that allowed us to capture 
comments and collect feedback in a descriptive narrative way. During the second 
workshop, which followed the same structure but with more lengthy sessions (reach-
ing a two hours workshop), a group interview was conducted. Next, we present, first 
the results from the questionnaires and then from the interviews. It is pointed out 
here that in the instance of the tool used in the workshops, twenty-two educational 
programmes—with targeted duration of three months—, were available covering 
topics from the energy sector (fourteen courses), social sciences and humanities and 
entrepreneurial and business aspects (eight courses).

With respect to the validity of the concept of the learning model, as shown in 
the left-hand side of Fig. 4, 92% consider that the concept is valid and only 8% 
did not like the learning graph approach. With respect to “the time they estimate 
that could be saved through the use of the learning graph concept and the accom-
panying tool”, nobody declared they consider no time will be saved. A small per 
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cent, (namely 22%), consider they will save time but this will be less than 10%, 
while a significant percentage of 44% consider they will save more than 25% as 
shown in the right-hand side graph of Fig. 4. This is considered a major success 
as this was one of the main targets of our work. Saving time in the preparation 
and development of a new educational programme is anticipated to release sig-
nificant part of the professors/tutors/instructional designers’ effort which can be 
devoted to delivering the programmes to additional or larger audiences (Fig. 4).

They were also asked if they would be interested in joining the established 
community and sharing their own learning materials and structures openly. The 
results (shown in Fig. 5) indicate that more than 70% are willing to join and share 
their materials and structures. This is important since as more structures and con-
tent are injected in the web-based tool, the number of attracted users is expected 
to raise accordingly. The more valuable resource they find, the more they will 
come back and contribute. This issue is revisited in “Discussion”, addressing 
the approximate 30% which is not sure about their intention to engage and pro-
vide their materials openly. With regard to the “validity of the concept in other 
sectors” outside the energy transition sector, 89% answered “Yes” and 11% 

Response to the question: “Do you consider the 
learning graph model valid? “

Response to the question: “How much time to you 
estimate could be saved through the use of the 
presented model and tool?
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Fig. 4  Feedback collected from tutors with respect to the validity of the concept and the estimated time 
reduction

Responses to the question: would be interested in joining the 
established community and sharing their own learning 
materials and structures openly

Responses to the question: do you consider 
the approach valid in other sectors? 
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Fig. 5  Results from the feedback collected from the tutors regarding their intention to engage with the 
approach and to apply in other sectors
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answered “No”, as shown in the pie chart of Fig. 5. The audience included peo-
ple from engineering, agro-food, sociology and bio-medicine disciplines.

Another interesting result was that, despite the limited volume of available 
materials at the time of the workshop, (as shown in Fig. 6a) 84% of the respond-
ents declared they consider it likely or very likely to update their current edu-
cational programmes with learning materials already available in the tool. This 
shows that there is strong interest in incorporating learning outcomes in educa-
tional programmes that are already in place or in the phase of preparation. Addi-
tionally, assuming that the numbers of the learning graphs and learning mate-
rials included in the tool will increase, the interest is expected to increase as 
well. Fig. 6b shows the opinion of the attendees regarding the easiness to use the 
learning graph tool which was (as already said) a tool developed using a widely 
deployed CMS. The higher percentage of 44% declared that they found it quite 
easy to use, with another 32% declaring somewhat easy. A really low percentage 
considered it somewhat hard or very hard to use. Plans for its improvement are 
already in place based on detailed comments received from the audience.

Turning our attention to the marketplace, after presenting it to the audience, 
we asked them (a) “How easy it is to understand the concept and value of the 
ASSET marketplace?” and (b) “how easy to use is the marketplace?”. The results 

(a) Response to the question: How likely you 
consider to use the existing materials in your 

courses?

(b) Responses to the question: How easy-to-use is the 
learning graph tool? 

4%

12%

40%
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32%
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Neight
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Somewhat
hard

Very hard

Responses to two questions: “How easy it is to 
understand the concept and value of the 

marketplace?” and b) “how easy to use is the 
marketplace?”

Responses to two questions: “How valuable for your job is 
the marketplace” and “how much to you value the overall 

proposition (model, learning graph tool, marketplace)

(c) (d)

Fig. 6  Results from the feedback collected from the tutors with respect to value proposition and willing-
ness to use the existing materials
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are shown in (Fig. 6c) and show that the concept was easy to understand and the 
tool was considered as easy to use.

They were also asked how valuable is the marketplace for their job and 93% con-
sidered it to be useful as shown in (Fig. 6d). This is an important outcome because 
easiness to use does not guarantee further use and engagement; offering value is the 
prerequisite for engaging in its use regularly and sustainability. This result implies 
that training and academic organisation consider this marketplace an easy and valu-
able way to sense the market needs.

Finally, they were also asked to express how satisfied they are from the holistic 
proposition including the learning graph model, the learning graph tool and the edu-
cational programme marketplace. As shown in (Fig. 6d), nobody was waverer. They 
all declared satisfied with the majority of them (67%) declaring “very satisfied”. The 
collected results and the comments showed that people need such tools and they are 
ready to use them.

Evaluation with the students/trainees

Our instructional designs were evaluated with four hundred (400) students from 
European countries. We developed twenty (22) educational programmes among 
which 7 were offered as Massive Open Online Courses. They were all designed 
according to the learning graph concept and tool. From the total number of students/
trainees, 197 followed the face-to-face programmes and the rest the MOOCs. The 
number of complete responses that were taken into consideration in the following 
analysis was 176. Regarding gender, the sample under examination showed a clear 
prevalence of men (69.54%). These data seem to clearly demonstrate that the areas 
related to education in engineering are still preferred by male students. Over 95% 
of the interviewees are aged between 15 and 34 years. Obviously young people are 
generally more predisposed to increasing their skills. Regarding the education level, 
the questionnaire highlighted a clear majority of graduates (82.74%) while only a 
minority has a master’s degree (14.21%) or a Ph.D. (3.05%). The data seem to show 
a greater predisposition to follow the provided courses among those who have not 
yet greatly increased their skills. This is not surprising as the course providers were 
mostly universities which had the opportunity to promote their offerings to their 
students.

Table  1 summarises the results of the evaluation with the students. The Likert 
Scale was used to measure some specific characteristics of courses students followed 
in the face-to-face mode, so as to have a broad evaluation of the face-to-face offer. 
The results are quite encouraging: courses are considered engaging, comprehensive, 
multidisciplinary, flexible, useful, integrative, and preparing for in-depth education. 
However, they seem to be not exhaustive compared to the student’s expectations.

The 53.18% said that they enjoyed the experience and 45.09% said the course 
was well organised. Interesting, however, is that 46.24% of the respondent found the 
course "Truly formative” and 42.2% the courses helped them to complement their 
previous knowledge into the field. During the lessons, to deepen the topics studied, 
students were provided with various teaching materials that the respondents have 
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judged updated (36.42%), of right quality (54.34%), and matching the expectations 
(53.76%).

In Fig. 7, a series of statements on the function of quizzes and assignments were 
evaluated (adopting Likert Scale). First of all, the number of tasks assigned is per-
ceived just right for the 75.72% of respondents. In this case, the respondents agreed 
that it was a good way to experience the course (51.45%). They believe in their edu-
cational function (49.71%) and it is a good opportunity for self-assessment (46.82%) 
and engaging (46.82%). The answers probably mean that the students feel the need 
to rework the knowledge acquired through quizzes and homework because they see 
their educational importance to be involved in the lesson. Also, this practice gives 
the students the opportunity both to self-assess and to receive feedback from the 
teacher.

Finally, as can be seen in Fig. 8, the respondents assessed their experience with 
the programme as fairly or extremely good. It emerges that the courses are of high 
quality according to their expectation.

With respect to the courses offered in the form of Massive Open Online Courses, 
the relevant results showed the same tendencies. To corroborate the positive assess-
ment of the courses is 66.45% who said they learned a lot during the courses and 
55.48% said liked it, while 50,3% said they would propose it to a friend.

Discussion

In this section, a set of issues raised during the group interviews is discussed as well 
as the collected quantitative results and issue linked to the quality of the approach 
and platform. We consider the presented approach deserves further investigation and 
adoption as it succeeded in collecting positive comments from the students/train-
ees (as reported in “Evaluation with the students/trainees”) and from the professors/
tutors (as reported in “Evaluation with the professors/tutors”). The students/trainees 

Fig. 7  Feedback collected from the students about tasks, assignments and quizzes
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found the learning experience very good and the only aspect that must be revisited is 
the exhaustiveness of the educational programmes.

Turning the attention to the model and tool that led to this experience, the qual-
ity of the provided educational programme designs/models and materials is an issue 
that was pointed out by three attendees (professors/tutors) during the organised 
workshops. Quality is tightly bound to the sustainability of the relevant platform and 
approach, as any platform is of value if its content is of high value. Up to now, the 
quality was ensured by the fact that the offered resources are provided by excellent 
European Universities and by the fact that currently user account creation is con-
trolled. However, the vision is to leave the platform open to any organisation and 
enable the different users evaluate the structures and materials (e.g. provide a score), 
hence, implementing crowd evaluation. Additionally, from the beginning of this 
endeavour, it was defined that the platform will support both open and paid mate-
rials as many organisations are making profits out of them. This way creators can 
have full control of the access to their structures and materials. We consider that this 
would help increase the currently 70% percentage of potential users declaring they 
are willing to engage as reported in “Assessment results”. There, they were asked 
whether they would engage if the materials were offered openly.

Recognising that the value of the platform increases as the offered structures and 
materials (of high quality) increase and that similar challenges are faced in other 
disciplines, we also emphasised the applicability of the concept in other sectors and 
thus raised relevant questions during the group interviews. During the group inter-
views, it became clear that the attendees considered it can very well be applied in 
other sectors and reported that the discipline they are working in could very well be 
such a case. Furthermore, investigating the free text answers in the questionnaires, 
it seems the 90% of the comments positively addressed exactly this applicability in 
other disciplines. This indicates that the platform can expand further to additional 

Fig. 8  Results from the feedback collected from the students on the course experience
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sectors and technological areas and be of value to significantly more people. This 
in turn means that the model adoption will have a significantly higher penetration 
potential and users will devote the time that is required to learn and use it, which 
will lead gradually to its adoption by a continuously increasing audience.

Emphasis was placed during our evaluation in the capability of the model to sup-
port multidisciplinary programme creation. The graph structure allows the instruc-
tional designer to create multidisciplinary courses by implanting parts of one graph 
(say graph A corresponding to one discipline) to another graph (say graph B of dif-
ferent discipline). For example, the smart grid fundamentals include topics from 
computer networks and power systems. So, to take advantage from related pro-
grammes which successfully run in the past, the educational programme designer 
can first study the graph of computer network topic (graph A) and the graph of 
power systems (graph B) and then decide what learning outcomes from the original 
graphs serve their purpose. This way they create a new graph that may include ele-
ments of graph A, of graph B plus possibly additional ones. The learning outcomes 
inherited from graph A and B come with accompanying learning materials which 
may be useful for the newly created graph (and the relevant course). This way they 
exploit our model to combine two (or potentially more) graphs to create new and 
innovative educational programme.

Another interesting observation is that there are learning materials serving more 
than one learning outcomes. This is also supported by our web application. When 
tutors create a learning material to serve learning outcome A, they accompany this 
with keywords. If another tutor (who tries to find learning materials to serve another 
learning outcome B) searches using keywords, they may reach the same learning 
material. In this case, a replica of the learning material (in the tool) is associated 
with the learning outcome B. Thus, learning materials can be flexibly associated 
with learning outcomes.

An additional advantage of the presented approach is the easy enrichment of cur-
rently available programmes with new materials or learning outcomes that lead to 
soft skills currently in lack in the market. (See also the relevant comment in “Evalu-
ation with the professors/tutors”). The provided tool supports professors in finding 
materials on aspects (like “growth mindset”) and either use them, or prompt the stu-
dents enrol in a MOOC course to get a better idea or even identify the expert and 
invite them to give a lecture. This way a more holistic approach to teaching can be 
offered.

Another important observation is that the scientific fields distinguished in the 
standardised taxonomies mentioned in “Graph-based learning toolbox” above are 
quite broad. To facilitate sharing of structures and materials, two directions can be 
pursued: to create and formalise a vocabulary or to use keywords. This vocabulary 
will allow tutor/educational programme designers to establish a common under-
standing on the available topics/structures and materials. As any such effort takes 
time to penetrate, the fact that the tool supports keywords to accompany all elements 
of the graph contributes in its applicability and easiness of use. The definition of a 
vocabulary can also be pursued and has good potential as there is an ongoing effort 
to define specific skills and knowledge per sector and link them to educational/
training elements. The definition of the vocabulary would contribute to the formal 
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description of sub-thematic areas complementing and to the enrichment of current 
works (instead of competing with them) to reach a point where all these constitute 
an added value.

To summarise the evaluation process, the users that adopted the proposed model 
and used the tools reached the conclusion that this is a valid method that can sig-
nificantly facilitate new and multidisciplinary educational programme design and 
delivery. They also proposed that the learning outcomes can be associated with the 
skills or competences they target so that a more direct association with the skills in 
need is achieved. For example, the learning outcomes could be associated with skills 
from the list defined in the European Skills, Competences and Occupation—ESCO 
(ESCO 2020) framework. Once this is done, the educational programme would 
inherit the skills and competencies targeted by the included learning outcomes in the 
learning graph.

Conclusions

To address the intense needs for education, training and upskilling of large audi-
ences across different countries, we defined a graph-shaped model and a digital 
tool that significantly accelerates the creation of educational programmes through 
sharing and re-using course structures and learning materials. Different alterna-
tive mechanisms ensuring the quality of the resources offered through the learning 
graph tool have been outlined. Additionally, business models to ensure revenue crea-
tion and sustainability have been proposed. The international audience (of profes-
sors/tutors and students/trainees) that was attracted to evaluate the model and the 
tool. The course designers confirmed that the model is valid and applicable to a rich 
set of sectors (apart from the energy sector). The tool was considered easy to use 
while their interest in sharing their resources or integrating in their programmes 
the resources that are currently available in the digital tool was vivid. Additionally, 
to support the education and training providers in easily and promptly sensing the 
market needs accelerating knowledge penetration, an educational programme mar-
ketplace was proposed and presented. This was judged by external users as being 
a valuable tool for their job. The overall evaluation message was that the “offered 
toolbox” comprising the Learning graph model, the learning graph tool and the 
marketplace was considered a very satisfying holistic offering from education and 
training actors. From the students/trainees perspective, the collected results showed 
that they found the offered learning experiences interesting and engaging and they 
enjoyed the level of self-assessment materials. The future steps will include further 
evaluation of the proposed model and tools with additional audiences, comparative 
analysis and application in additional sectors.
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