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Abstract. Collaborative networks and open innovation have high potential as co-
drivers of value creation for many production and service sectors such as
education. In higher education, it is increasingly frequent to observe universities
implementing teaching-learning systems with collaborative processes supported
by 4.0 technologies. Moreover, various pedagogical procedures, research
activities, and co-development projects have complemented these types of
collaborative processes, which today are considered desirable to be carried out
within Education 4.0. In this paper, the authors propose a reference framework
for designing new teaching-learning systems using the concept and vision of
Education 4.0. The proposed reference framework considers key enablers of
Education 4.0 and three dimensions to analyse and evaluate decisions made: (i)
Technological, (ii) Pedagogical, and (iii) Organisational. Finally, two case
studies involving collaborative networks and open innovation illustrate how the
proposed reference framework is used.

Keywords: Collaborative Network - Open Innovation - Higher Education -
Educational Innovation - Education 4.0

1 Introduction

Nowadays, technological advancement due to the capabilities and capacities of 4.0
technologies (connectivity, digitalisation, virtualisation, smartification, datafication,
among others) has allowed practically all the productive and service sectors to improve
their processes, leverage resources, and even grow and expand to other regions [1]. As
a result, 4.0 technologies have played a very relevant role to promote and improve
collaboration processes, internally in organisations and externally, in the exponential
formation of Collaborative Networks (CNs) [2]. In higher education, implementing
strategies based on collaborative processes has been increasingly frequent since these
allow improving teaching-learning processes that promote the participation of
academicians and students in collaborative environments. Moreover, these strategies
put them in real scenarios that allow them to work on joint projects to propose solutions
to current challenges and problems. Currently, models such as the triple helix
(involving the participation of academia, industry, and government) and the quadruple
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helix that adds the participation of society (e.g., users, consumers, citizens, workers)
have been implemented to support these dynamics [3].

In higher education, collaboration is essential to provide adequate active learning
environments, activities, and resources for the training and development of the core
competencies necessary for the profile of the 21st-century student. In this context, it is
necessary to implement new teaching-learning systems that stimulate collaboration and
complement their activities using 4.0 technologies, innovative learning processes, and
adequate infrastructure. In education, these pedagogical procedures, collaborative
activities, and 4.0 technologies are known today as Education 4.0.

Currently, various design approaches focused on innovative educational systems
within the Education 4.0 context consider not only the instructional and didactic aspects
but also the psychological, motivational, and engagement ones [4]. In addition,
approaches for the instructional design of modules meeting the requirements of
Education 4.0 exist [5]. Other design approaches take up the specific design of products
and tools for learning and infrastructure design for suitable teaching-learning
environments. These approaches separately address the product, processes, and
infrastructure development in education and are not conceived in an integrated
approach. This work proposes an integrated reference framework employing the
Education 4.0 vision and concept in the design of teaching-learning systems.

The rest of this paper is structured as follows: Section 2 presents the concept of
Education 4.0 in higher education and its four key enablers. Section 3 shows the current
relevance of collaborative networks applying open innovation strategies. Section 4
presents the proposed reference framework. Section 5 presents two case studies.
Finally, the conclusions and future work are presented in Section 6.

2 Education 4.0 in Higher Education

Education 4.0 is a relatively new concept recently approached by different authors and
implemented in various contexts in higher education. This concept arises from the
relationship between 4.0 technologies particular to the Fourth Industrial Revolution and
the Education sector. Therefore, the use of current and emerging technologies for
pedagogical purposes is known today as Education 4.0. However, other authors have
been more specific with this concept, referring to Education 4.0 exclusively as
developing necessary competencies in engineering education for Industry 4.0 [6].
Recently, the World Economic Forum developed a framework for Education 4.0 based
on critical shifts in learning content, development of critical skills and competencies,
and experiences that redefine quality learning in the new economy [7]. Recently, the
combination of heutagogy, peeragogy, and cybergogy approaches has emerged under
Education 4.0 [8].

This work follows the concept of Education 4.0 as described in the following
reference:

"Education 4.0 is the period in which the education sector takes advantage of
emerging ICTs to improve pedagogical processes that are complemented by new
learning methods and innovative didactic and management tools, as well as the smart
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and sustainable infrastructure used during current teaching-learning processes for the
training and development of key competencies in today's students" [8].

Therefore, identifying the key enablers to achieve the Education 4.0 vision is
necessary to guide educators during the teaching-learning processes. Four categories of
key enablers are used during the design and implementation of today's teaching-
learning systems: (i) Identifying crucial soft and hard competencies necessary to be
developed by today's students; (ii) Incorporating new learning methods in educational
programs with different modalities for information transfer and teaching-learning
methods; (iii) Implementing current and emerging ICTs considering technology-based
solutions and current tools and platforms, and (iv) Employing innovative infrastructure
(architecture, facilities, services, and platforms) to improve learning processes at two
levels, namely, the classroom/home level and the institutional level. These enablers
then allow new teaching-learning systems to emerge under the vision of Education 4.0.

3 Collaborative Networks Applying Open Innovation Strategies

Organisations have increasingly adopted collaborative processes from different sectors
as part of their continuous improvement, growth, and expansion activities. Nowadays,
thanks to technological advancement and the use of 4.0 technologies, the
implementation of these activities have grown exponentially. They have led to new
tools and best practices. They have also facilitated creating links so key entities and
actors can collaborate from different productive-service sectors at local, regional, and
international levels [9]. In addition, the global health emergency of 2020 - 2021 has
dramatically increased the implementation of collaborative platforms and accelerated
the digital transformation of many organisations and academic institutions [10]. This
has opened new opportunities for distance collaboration on synchronous and
asynchronous activities. These current dynamics make collaborative-based processes
accessible and flexible between different actors [11].

Consequently, encouraged organisations from all sectors (academia, government,
industry, and citizens) have generated collaborative and cooperative practices. It is
becoming more common to find these actors networked and interdependent.
Collaborative networks and open innovation (OI) have served as frameworks to shape
these practices. These concepts have shown a high potential to be co-drivers of value
creation and sharing resources, knowledge, complementary skills and capacities, and
even share responsibilities and risks getting as a consequence not only the creation of
disruptive processes, products, and services but also to make the most of resources, to
shorten development processes, and to increase social impacts [12].

In this context, CNs are defined as "a network that consists of various entities that
are largely autonomous, geographically distributed, and heterogeneous in their
operating environment, culture, social capital and goals. They have come together to
collaborate to achieve better common or compatible goals; their interactions can be
supported by computer networks" [13].



672 J. Miranda et al.

Since CNs induce OI strategies, OI has been used to define the networked nature of
innovation processes [9]. Thus, OI strategies combine internal and external ideas,
resources and technologies, and create synergies among various multidisciplinary
actors [14]. Hence, implementing these strategies plays a primary role in networks
ability to facilitate innovation and spur the openness of innovative processes.

Therefore, today, collaborative networks applying open innovation strategies are
excellent drivers for collaboration in Education 4.0. Hence, through multidisciplinary
collaborative activities, academicians and students can participate in different scenarios
internally in their institutions and externally in projects with actors participating in the
triple-helix and quadruple-helix models.

Today, in higher education, OI strategies are widely used in different universities
because these dynamics allow the structured participation of different actors for
education and research, development, technology transfer, and entrepreneurship.
Therefore, higher education institutions leverage these dynamics to develop curricular
strategies and strategies that link companies and academicians through collaborative
projects. These activities have been considered effective in achieving the vision of
Education 4.0 because they induce active learning processes and the implementation of
current ICTs.

Education 4.0 Reference Framework for designing teaching-
learning systems

We propose a reference framework for designing new teaching-learning systems based
on the concept and vision of Education 4.0. The proposed reference framework relies
on the theory of enterprise modelling, using instantiation processes that facilitate
enterprise integration [15, 16]. This reference framework aims to guide designers
during the design and development of new didactic products, teaching-learning
processes, and educational infrastructure through the generation of generic, partial, and
particular models. Then, modelling is done through the instantiation of a generic model
to partial and particular models. The definition of these models allows designers to
systematically perform activities and apply techniques and tools when creating any
teaching-learning system. Thus, the generation of these models allows designers to take
advantage of previous knowledge and experiences that result in the shortening of the
design, development, and implementation processes.

This framework has four stages related to the development life cycle. Hence,
didactic products, teaching-learning processes, and educational infrastructure can be
created through the following four stages of development: (i) Ideation. At this stage,
ideas are generated and evaluated, and then they can be created and implemented in
new products, programs or facilities. Also, at this stage, activities focus on
understanding the educational institution's needs, the social contexts, and the student's
profile to migrate these needs into requirements. (ii) Basic development: At this stage,
designers provide the concepts underlying the proposed solutions. Therefore, all the
functions or attributes that the product/process/infrastructure must include are defined.
In addition, in this stage, the identified learning goals must be aligned to the proposed
concept. (iii) Advanced development: The product/process/infrastructure is detailed
designed at this stage. At this point, the design process can be complemented using any
design methodology for teaching-learning systems to determine the learning content,
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dynamics, and instructions to be implemented. At this point, designers determine the
capacities and capabilities and consider the four key enablers of Education 4.0 as a
reference. Then, designers identify: (a) the key competencies to be promoted, (b) the
learning methods to be implemented, (c) the ICTs to be applied, and (d) the required
infrastructure to carry out the teaching-learning process. Once the proposed solution is
obtained, it has to be evaluated and validated; then, the i-scale tool evaluates the
innovation, learning outcomes, growth potential, institutional alignment, and financial
viability, among others [17]. (iv) Launching. At this stage, all the implications to the
proposed solution execution process must carry out. Some of the generic activities to
be performed are tests of implementation and evaluation, design of experiments, and
pilot tests. Finally, the learning assessment must be applied. The evaluation of the
students is very relevant at this point since the information obtained serves to discover
any weak aspect during the teaching-learning process that can be improved. Therefore,
evaluation mechanisms must be applied and aligned with the measurement of learning
goals. Figure 1 presents the proposed reference framework for the design of teaching-
learning systems in Education 4.0. Then, different activities have been defined to carry
out these stages. See Fig. 1.

These activities can be selected according to the following models:

Generic model. This model contains generic activities that can be used to design
any teaching-learning system in a general way. Consequently, designers can reference
generic models and then configure them to obtain partial or particular models.

Partial model. During the definition of this model, the designers take advantage of
previous knowledge and then apply it within a specific field or discipline.
Consequently, the partial activities to be performed and the partial resources to be used
must be defined.

Particular model. Designers must define the specific topic and themes to be
addressed. Also, specific requirements must be considered to define the specific
learning methods, tools, ICTs, and infrastructure to be implemented. Therefore, the
previously mentioned generic activities receive a deep level of specification. The
resulting teaching-learning systems will be highly particularised to a specific social
context, field, discipline, and topic.

Also, our proposed reference framework provides a toolbox that allows the designer
to reference the type of resources that can be applied. The toolbox is organised per the
main enablers considered in the concept and vision of Education 4.0: (i) The main soft
and hard competencies to develop; (ii) the learning methods to be considered in new
teaching-learning dynamics; (iii) the implementation of current and emerging ICTs for
technology-based solutions using existing tools and platforms, and (iv) the use of an
innovative infrastructure to improve pedagogical procedures and managerial processes
at two levels, the classroom/home level and the institutional level.

Finally, once the product, process or infrastructure has been obtained, it will be
necessary to analyse and evaluate it per the following views: (i) Technological, which
seeks to validate the use of technologies characteristic of Industry 4.0; (ii) Pedagogical,
which seeks to validate the implemented activities that promote the training and
development of desirable competencies in Education 4.0; the activities must follow an
active teaching-learning methodology of current learning models, and (iii)
Organisational, which seeks to verify that the proposed learning dynamics have an
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organisational structure that is important to identify key participants (internal and
external) within teaching-learning processes. In addition, this view verifies that the
proposed activities promote collaboration and cooperation initiatives.

Figure 2 presents an example of how each cell of the reference framework includes
different activities (analysis, synthesis, and evaluation) to be performed and how these
activities are supported by the key enablers of Education 4.0 and analysed and evaluated
according to the proposed views (technological, pedagogical, and organisational). See
Fig. 2.

Entity K bl 1
Educational Teaching- Educational T e s
s Product Learning Process Infrastructure Education 4.0
tage
Competencies
. Problem and i (Soft and hard)
Ideation Product idea requirements Eieatiousl <]
i requirement
\/ identification
Learning
methods
Basic Conceptual Learning goal Ped ical (modalities and
Development design and target and instructional specification and methods)
specification design concept concept
ICTs
. R (technology-based
Advanced Detailed and Process designing Infrastructure ]
Development engineering and process conf " tools)
design assessment
Infr
(at the home and
L i Program Infrastructure institutional
F yping . construction and levels)
implementation N N
\/ installation
. v

Fig. 1. The Education 4.0 reference framework for designing teaching-learning systems

Prefilam mud wegilirgrigy
Activities
|: Technological view
T T T T
l Softand hard I | Learning Methods | | 1CTs | | Infrastructure |
Key enablers of Education 4.0

Fig. 2. Performed activities at the problem and requirements identification stage (example)
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5  Design of Teaching-Learning Programs: Two Case Studies
Appling Collaborative Networks and Open Innovation

5.1 Case study: The Innovation Challenge Bootcamp as a Driver to Promote
Open Innovation

In China, the government, higher education institutions, and organisations are
promoting initiatives to improve the quality of engineering education, the
internationalisation of higher education through collaborative/joint programs, and the
acceleration of China's progress as a manufacturing powerhouse and leader in
innovation, technology and science [18]. In this context, there is a lack of alternative
credentials in engineering education that address holistically the topics related to
developing technology-based products, creativity and innovation [19]. So, Tecnologico
de Monterrey University in Mexico, through its Innovation Hub facility in China,
promotes OI activities such as co-design and co-development, entrepreneurship, and
technology transfer. Furthermore, it considers the participation of strategic partners
from governments, universities, and companies in both countries. The following case
study presents a hybrid learning program taught to students from China and Mexico.
The main objective of this program is that students from both countries collaborate to
propose technology-based solutions to current social problems. Figure 3 presents a
summary of the results obtained by using the proposed reference framework for the
design of this bootcamp. See Fig. 3.

Teaching- i I Credential: I ionChallenge Bootcamp
Duration: 5 days, 40 hours
Program format: Hybrid leaming
Location: TEC Innovation Hub Facilitics, Hangzhou City, Zhejiang Province, China.
ipant Profile: { inceri
Number of Participants: 14 (12 students from Hangzhou Dianzi University, and 2 from Tecnologico de Monterrey)
Number of developed projects: 3 projects — working prototypes.

Process development (particular model)

1. Ideation M 2. Basic development w\, Technelogical view

Problem and requirements Learning goal definition
identification : ) “Leaming management systems
. * Studentsmust know key concepts and apply cutting- -Virtual and digital platforms
- Need to ps edge tools, for the i i
+ Need for and collat i N »
* Need to train and develop desirable skills and competencies

in today's students
« Need for a flexible-active learning program Pedagogical view

D\ -Active leaming
) Mentoring and coaching
4, Launching 3. Advanced development -Learning assessments
“Innovation asscssments

Program implementation Program designing and prog
- Implementation: This program was carried out at the end of || #SSessment . Organiontion sl yirw

2019. 14 panticipants were enrolled and 3 projects were . mmm&“lsmng:'fht Innovation Challenge Open Tncvasion acifviies Based o0

developed. ) Oudivat . collaborative activities with students
- Leaming Mixed method anals lying =P 3 or (i) from both countrics

surveys about the perception of the soft competencies leaming outcomes, (ii) nature of innovation, (iii) growth | _panicipation of teachers from

trained and a qualitative evaluation about the obtained potential, (iii) institutional alignment,and (iv) financial | Mexico and China

wtking-poototypes. viability. -Participaction of keynotes from

M d China
Koy sy of Bdusation 4
[ T e— T T ey E— T —
= g S0/ Collaboration,
SN 7] £ i . : R LS. Virtual and Decision
Bl Cooperation, Critical ! Chalienge- P h
Thinking, Creativity and D et Pt b Ty Afaking Centre.
-"_ ™ l}l}nxaﬂcn ; and Problem- e plagiorms, and ia Collaborative
el lard: Development o ‘based leamnin - d frormd
g\ _& technology-based solutions [ T r Hologram professor b Makerspace

Fig. 3. Summarised results of the development process of the Innovation Challenge Bootcamp
applying the teaching-learning process of the Education 4.0 reference framework
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5.2 Case study: Collaborative Online International Learning

Processes that create new options benefit societal development. Innovation leads to the
generation of new services, products and technologies. Analysing the possibilities in
different countries will help us propose options in our regions (Latin America). In this
case study, the "Collaborative Online International Learning" (COIL) activity provides
a collaborative experience among various academic disciplines and countries. The
objective of this COIL activity was to develop critical thinking skills, effective
communication, innovation and collaborative work. By the end of this experience, the
students should have developed their capacity for effective communication through
online interactions with people from different cultures and disciplines. This program
works with the proposed reference framework to develop competencies using
experiential methods, ICT integration, and open infrastructure environments. See Fig.
4.

Teaching: Alternative C) ial: C ive Online Leaming

Duration: 3 weeks, 30 hours

Program format: Distance learning

Location: TEC Educational Facilities Mexico), Universidad Técnica Particular de Loja (Ecuador)

P Profile: P d d ionand icati

Number of Participants: 38 (13 students from Tecnologico de Monterrey, and 25 from Universidad Tecnica Particular de Loja)
Number of developed projects: 8 projects — open prototypes.

Process development (particular model)
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Fig. 4. Summarised results of the development process of the Collaborative Online International
Learning applying the teaching-learning process of the Education 4.0 reference framework

6 Conclusions and Future Work

In this work, we propose a reference framework for the design of teaching-learning
systems in Education 4.0. Then, the design and development of new educational
products, processes and infrastructure are supported. Furthermore, this reference
framework allows educational innovators to guide them while creating systems that
adopt the concept of Education 4.0. We accomplished this by providing the main
components shaping Education 4.0 in a toolbox comprised of its four key enablers.
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Finally, an evaluation was carried out to validate the technological, pedagogical and
organisational components used within the system produced.

We also presented two case studies to illustrate how the proposed framework is used
to design teaching-learning processes in academic programs. The presented case studies
show three main results: (i) Using the proposed reference framework, new educational
systems with their desired components can be obtained in the period of Education 4.0.
Hence, this reference framework can be an engine for educational innovation. (ii)
Using the proposed reference framework can be a driver to promote collaboration and
cooperative activities because the technologies employed and the active learning
activities applied induce the forming of collaborative networks and the implementation
of open innovation strategies. (iii) The creation of multidisciplinary teams, the
participation of international partners during teaching-learning processes, and the
shared use of infrastructure were possible thanks to existing CNs that promote not only
research and development activities but also teaching-learning activities.

Future work will focus on three specific lines:

(1) Improving the decision-making process to better define particular models.
For example, validate the answers to the following questions (a) what are
the key competencies to be promoted and how assess these competencies?
(b) what are the learning methods that best match with learning goals? (c)
What are the best ICTs and infrastructure to be applied according to
particular teaching-learning process?

(il) Define a complete set of the analyses, syntheses and evaluation activities.

(iii) Provide a set of metrics and indicators during the validation and evaluation
process to quantitatively measure the systems produced per the three
proposed primary views: technological, pedagogical and organisational.
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