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This project has been funded with support from the European Commission. This publication reflects
the views only of the author, and the Commission cannot be held responsible for any use which may
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Introduction

This document is intended to present a benchmark of multiple good practices in the context of
internationalization studies, particularly focused on digital electronics and programmable devices, yet
being not limited to them. The guideline produced with this report is the result of activities of the
Output Result O1 related to the DECEL project. The O1 is functional to all the other activities in the
project since it is the one related to the implementation of new teaching methodologies applied to
COIL and in general virtual exchange initiatives within the reconfigurable digital electronics field. The
creation of a guideline as an outcome of the O1, concerning this latter topic, will start from a
comprehensive paper desk analysis together with an in-depth research process that should lead to the
selection of innovative tools applied to digital systems. Other EU projects and non-EU initiatives are
oriented towards the increase of the quality of higher education by motivating teachers of STEM
disciplines to use a multidisciplinary approach and teach with a massive support of technologies like
Classroom, MS-Teams, Blackboard, etc. The central goal is to suggest and recommend a model for
integrating intermediate and advanced digital electronics subjects (e.g., FPGA, microcontrollers, etc.)
and ICT in international teaching approaches such as Collaborative Online International Learning
(COIL), Project-based Learning (PBL) and Real Remote Labs (RRL). The main difficulty in teaching
reconfigurable systems is the multidisciplinary nature of such systems. Even very simple flipped
learning approaches require knowledge from multiple areas. Thus, some tools stimulating and
motivating intensive learning skills must be discovered. DECEL massively seeks to exploit a multimedia
approach to learning. It could be through course-oriented animated tutorials, language templates or
any other type of online resources, which provide significant assistance and enable the students to
succeed in learning and gaining the relevant knowledge and hands-on experience which is required for
the Engineering area.

Internationalization requires a wide range of skills, both technical and interpersonal. Some of the key
soft skills related to internationalization include:

® Cross-cultural competence: Understanding and adapting to cultural differences, including
differences in communication styles, values, and behaviors.

e Interpersonal communication: The ability to effectively communicate with people from diverse
backgrounds and cultures, including the ability to effectively negotiate and resolve conflicts.

e Adaptability: The ability to quickly adjust to new and changing environments, including the
ability to work effectively in multicultural teams.

e Emotional intelligence: The ability to recognize and manage one's own emotions and those of
others, including the ability to understand and empathize with others' perspectives.

e Flexibility: The ability to adjust to new circumstances and work effectively in unfamiliar
situations, including the ability to work under pressure and in ambiguous situations.

e Leadership: The ability to inspire, motivate, and guide others, including the ability to effectively
manage diverse teams and provide direction in a cross-cultural context.

® Problem-solving: The ability to identify and analyze complex problems, develop creative
solutions, and effectively implement those solutions.

e Language proficiency: The ability to speak and understand multiple languages, including the
ability to effectively communicate in both written and spoken forms.

Developing these soft skills through the different tools and techniques that will be implemented within
the DECEL project, can help individuals be more successful in an international context, by enabling
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them to work effectively with people from diverse cultures and backgrounds, and to navigate complex
and challenging situations with confidence and competence.

Cross-cultural
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Figure 1: Soft skills related to Internationalization

Project Based Learning is a well-known teaching method that would be used by DECEL as a viable
solution in which international students will gain knowledge and soft skills by working for an extended
period of time to investigate and respond to an authentic, engaging, and complex question, problem,
or challenge in a collaborative international environment. The teachers involved in DECEL are
experienced in teaching those subjects face-to-face and are actively seeking ways to engage with
digital technology tools and platforms to ease and enhance the quality of their courses. Our plan is to
motivate and support them by creating a network of exchange of good practices across universities in
the different partner countries. The promotion of blended learning will be achieved through remote
labs and COIL initiatives that will be part of the O3 and 04 in the DECEL project. In using active learning
tools to promote disciplinary sense-making, instructors of all levels of experience should take a
reflective and iterative view of their instructional practice. The aim of a novel blended learning
approach for HEI students is twofold: to achieve higher test scores in reconfigurable digital electronics
subjects with the help of ICT technology; to foster a culture on a broader scope (even at university
level) and to encourage teachers to adopt and follow the methodologies provided in this guideline.
This represents a promotion of new digital skills for academic staff.
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Internationalization activities for (reconfigurable) digital electronics

Understanding the concept of internationalization

The globalization process that our society is enduring allows interpreting the internationalization as
the change in the flows of people, goods, information, and languages, with consequences in
contemporary societies and most of all in education [1]. Higher education institutions (HEI) define the
internationalization concept as “the process of integrating an international dimension into the
teaching, research, and service functions of an institution of higher education” [2]. What is now called
'internationalization of higher education' is a recent phenomenon that has emerged over the last 30
years, driven by a dynamic combination of political, economic, socio-cultural, and academic rationales
and stakeholders [3]. Internationalization has been expanding rapidly in the European context, thanks
to the implementation of the 1999 Bologna Process, in which the autonomy of universities was
challenged [4]. As this process is increasingly adopted by the majority of HEI, there is the need to code
and measure the level of internationalization of a given institution: number of publications along with
foreign researchers, number of international students in local campuses, number of foreign lecturers
and researchers, just to name the most relevant ones [5]. However, such figures of merit have been
criticised in several literature works for many reasons [6] [7]. Among them, it seems that they favour
countries in which English language is used as the main medium of instruction while strongly penalizing
institutions with educational programs in native languages. Further, it has been noted that academic
mobility serves a small part of HEI in academic communities throughout the world, whether because
of the high costs associated with it, or due to the high level of requirements for funding and transfer
of credits involved in academic mobility programs [4]. On top of that, the current COVID-19 global
pandemic has posed unprecedented challenges to internationalization in HEI. Most abroad programs
have been cancelled, and the attempts to improve the quality of the international education suffered
from the closure of campuses and the absence of international students in many institutions around
the globe [8]. The context of Science, Technology, Engineering and Mathematics (STEM) University
courses, especially those related to digital electronics, makes no exception. Despite the global
expanding tendency of this sort of studies, and the common use of the English language as a learning
vehicle, the Erasmus+ Impact Study [9] clearly evinces a deficit in the participation of students in
international mobility programmes. Teaching processes in this field are still based upon traditional
learning methodologies, with limited or no bilateral interaction promoted in most of them, and where
the role of the teacher remains that of a mere lecturer in front of a passive cohort of students even in
case of established internationalization programs. The course schedule and the potential handicap of
accessing expensive laboratory equipment from anywhere when the international program is coming
to an end. Although these factors seem to be an insurmountable barrier to promoting
internationalization in the context of digital electronics, it must be remembered that several strategies
can be imagined both from the point of view of the student and the educator to integrate the
knowledge other cultural contexts in these courses [10]. HEI internationalization builds upon two
essential pillars: the traditional cross-border based and the recently explored at-home paradigm [11].
The latter probably under-estimated and less-discussed aspect of internationalization is the so-called
Internationalization at Home (laH), which is one of the focuses of the DECEL project. In this chapter,
we will review the definitions of the laH paradigm with pros and cons retrieved from different
experiences around the globe in several HEI. More in detail, we will explore the application of the laH
in the context of digital electronics teaching by evidencing the implementation barriers and eventually
all the benefits that should be adopted as a best practice not only for the institutions involved in the
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DECEL project, but also with a broad audience that could encompass different disciplines even if
outside STEM community.

Internationalization at Home: definitions, pros, and cons

laH is defined by [12] as “the purposeful integration of international and intercultural dimensions into
the formal and informal curriculum for all students within domestic learning environments”. The
promotion of the interaction of culturally diverse peers by remaining in their own country is seen as a
quality improvement factor for their future professional activities [13]. By benchmarking this concept
with respect to the traditional cross-border mobility, we can experience how laH candidates as a more
versatile inclusive teaching-learning modality, since it targets students and staff personnel that are not
able to participate in mobility programs. laH is increasingly adopted by HEI in uncertain times like
during the COVID-19 pandemics [8]. A search conducted on the Google Scholar engine to find the
number of published articles in the time frame 2012-2021 using the query “internationalization at
home” AND “higher education” lead to the results in Figure 1. There is a continuous interest in the
topic in the HEIs with a surge in 2020 and 2021 with the same expected growth rate in 2022.
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Figure 2: Number of published articles in the time interval 2012-2021 concerning laH in HEI. Source: authors search on
Google Scholar engine with terms “internationalization at home” AND “higher education”

Despite the growing tendency of IaH, these initiatives should be seen as a quality improvement rather
than a goal, also in view of the criticism raised on this teaching approach [14]. In fact, the literature
debates that the focusing on means rather than aims for a tendency to focus on “activity and not
results as indicators of quality” [15] or pretending to be guided by high moral principles while not
actively pursuing them [16] are valid concerns. To avoid the diffidence with respect to laH and to have
solid foundations to build new teaching activities upon, a Special Interest Group was formed within
the European Association for International Education (EAIE) in 2001 and the first courses on the
development of these initiatives were proposed in 2006, with a published guideline in 2007 [17].
International and intercultural dimensions should be integrated into teaching and learning in order to
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have an effect [18]. In general, laH has been favourably received as it offers international and
intercultural dimensions of teaching and learning to all students, including those who do not have the
opportunity to study abroad. Still, there are misconceptions that are to be seen as obstacles to its
implementation, including: teaching only using English; providing a “second best” option for students
with no-mobility resources; lack of skills in the teachers and instructors in internationalizing their
syllabus as well as the complexity in learning and assessment [19]. The DECEL project seeks to
overcome these challenges by providing training events specifically for teachers to enable them in an
laH context and at the same time creating stimulating learning environments based on collaborative
learning and on remote project experiences.

Notable case studies of laH: learning barriers, instruments, and benefits

In this report we analysed some notable cases in literature concerning laH activities. This study has
been pursued to understand the potential learning barriers, the instruments provided by information
and communication technologies (ICTs) in the implementation of the laH paradigm, and the benefits
evidenced at the end of the experience. Despite most of studies are not directly targeted to the field
of digital electronics, our aim is to capture the best approaches from any discipline and adopt yet
expand them in the specific context of the DECEL project. In Table 1, we summarize the following laH

activities using the work in [4] as a starting point for non-STEM oriented initiatives:

Table 1: laH case studies used as benchmark for the DECEL activities

Ref. Title of the study (year) laH activity Instruments Conclusions

[20] | Overcoming barriers for Online Video Students were
implementing international collaborative conferencing successful for
online collaboration tasks, pair work | software overcoming barriers
assignments in Chemistry activities
(2019)

[21] | Evaluation of an online laH Online Moodle Development of
course on the Social interactive Platform, awareness
Contexts of Addiction (2019) | course about discussions concerning the

cultural forums, different social and

differences. The | lecturers from cultural contexts.

final assessment | various Students

was evaluating countries recognized the

an article universality of their

written by field of

colleagues from knowledge.

other countries Changes in opinions
about their own
cultures and
societies

[22] | Nursing students’ Presentation of | “Zoom” Learning based on
perceptions of peer learning | online seminars. | platform for the interaction
through cross-cultural Groups of 10 audio and video | among students
student-led webinars: a students with (at | interactions was better than
qualitative study (2019) expected; this
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least) two activity created new
members of opportunities for
each country internationalization,
without
compromising
individual and
institutional
financial resources
[23] | Trialling virtual Students Not defined Development of
intercultural learning with enrolled intercultural
Australian and in three skills using
Hong Kong allied health different experiences out
students to improve cultural | courses, in two of the “comfort
competency (2019) universities. zone”, in which
Blended students learn
learning: during intercultural

experiences and
interactions

[24] | Internationalization at home: | Students Microsoft Teams | Students improved
An international enrolled in two for their learning
interdisciplinary experience different asynchronous experience and
(2021) universities interaction and developed

working ontwo | Zoom for real- intercultural and
different time platform interdisciplinary
disciplines (ICT for skills

and Marketing) presentations

[25] | The Multidisciplinary Several design Mainly offline Students benefited
International Virtual Design teams in discussion using | in the engineering
Studio (MiVDS) (2000) different e-mail and chat profession. Results

universities that
participate in
design topics for
mechatronic

of this study were
extended to other
institutions

What emerged from the literature analysis is that digital online capabilities are mandatory in almost
all laH. In fact, technology-based activities could promote equal access to internationalization
opportunities for all students [12] and open unprecedented remote teaching experiences making use
of the combination of collaborative learning environments and project-based learning tools, that can
be capitalized in HEIs. Advances in ICTs created more options for laH in the form of virtual academic
mobility [4]. ICTs can promote more opportunities for all students to get involved with colleagues and
lecturers who are in geographically distant areas, to produce knowledge and raise intercultural
awareness and skills [26]. All the studies considered in this summary show that the laH initiatives that
exploit ICTs in their implementation have the potential to facilitate experiences for a transformative
and intercultural learning experience [23], being on par with the traditional internationalization
channel. Raise the question to promote “remote Erasmus” like mobility. The interactions between
peers involved in laH are foreseen to happen both through multimedia material (slide decks, audio, or
video) and with common evaluation activities which promote knowledge exchange. However, one of
the studies states that online interaction among students is not enough. Indeed, the “faculty presence
and direct instruction has been found to be essential to depth and quality” [21]. Another important
point found in this literature analysis is that most of the studies target humanities and marketing

9
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disciplines, having very few examples in the context of STEM and in particular digital electronics [25].
This has been attributed by several researchers to the fact that STEM degrees are characterized by
large numbers of required classes and strict course sequences that discourage study abroad [27].
However, laH complemented with virtually shared classes using online digital tools, can bring to
students the experience of working with peers in other countries without leaving their campus and
without a perceived “time loss” during studies. A notable example in the context of digital electronics
has been provided in [25]. Here we must note that despite the interesting learning concept, some of
the technologies used in the students and peers’ interaction are quite outdated. To this extent, the
DECEL project will build on the good practices reported in literature concerning laH, but adding new
technologies for remote collaboration and learning, as we will see in the next chapters of this
document.

Beyond the laH concept in STEM: the Internationalization at Distance (laD)

The studies in curriculum internationalization in HEls evidenced two paradigms: traditional
internationalisation and internationalistion-at-home. However, as the teaching and learning activities
are increasingly supported by ICTs there are new opportunities for university internationalization that
go beyond the approaches described so far. For example, students can now remain at home while
using technology to study with an institution or program that is simultaneously located abroad. These
activities can be envisioned in a new third category called Internationalization at a Distance (laD), that
has been formalized in [28]. The key aspect of |aD is the geographic location of the learning provider.
The primary geographic location of the learning provider is expected in a different country than the
location of the student. The distinctive feature of 1aD is that the pedagogic perspectives and curriculum
materials are developed and devised outside of the student’s home country. The “learning provider”
in this case is meant to be intentionally broad, as it may refer to universities, lecturers, or peers who
are geographically located in another place. ICTs are massively used as a support mechanism for the
sharing of ideas, knowledge, skills, and pedagogies between the student and the learning provider
across geographic distances [28]. In the formalization of laD activities, the students are taken in
consideration through both distance learning programs and blended programs with online elements
connected to universities in other countries. This approach is particularly favourable for teaching STEM
disciplines like digital electronics, where different platforms and learning environments can be offered
by geographically distant HEls. However, the study in [28] shown that IaD still has not reached a certain
maturity level like laH and the perspectives and implications on the staff personnel need to be
thoroughly investigated. Considering the wealth of research focusing on the benefits and affordances
of teaching in online and distance learning contexts, a specific focus on staff perceptions of the
international and intercultural elements embedded within many programs is needed. For example, it
remains unclear whether staff feel they have the appropriate training or preparation for working online
with students based around the world. The DECEL project seeks to work around this limitation by
providing dedicated training sessions specifically for staff and teaching personnel to avoid “lack-of-
preparation” issues.

10
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Collaborative Online International Learning (COIL)

The difference between active and cooperative learning

Over the last few years, especially after the COVID-19 pandemic, different e-learning techniques have
been implemented in many universities, which can be grouped into two main categories [29]:

® Active learning is a range of teaching strategies that focus on the effective participation and
involvement of learners. Thus, in active learning, the main responsibility for learning shifts from
the teacher to the learner, who takes on a central role. There is empirical evidence that proves the
benefits and the effectiveness of active learning compared to traditional lecturing [30]. Active
learning involves students in the learning process, adapts the learner’s style and provides spatial
and temporal flexibility [31]. Six main types of active methodology have been found [32], namely:
Flipped classroom, Game-based learning, Problem-Based Learning, Project-Based Learning, Peer
instruction and Team-Based Learning. The last four would also fall under collaborative learning.
Flipped classroom [33] is probably the best known and most widely implemented active learning
methodology, which is why the two terms are sometimes interchangeably. In this approach,
teachers provide students with learning resources, usually video lessons, and students can work,
watch, or listen at home at their own pace. Later, in the classroom, students have time to apply
acquired knowledge, and collaborative and participative activities can be carried out.

e Collaborative learning can be defined as the educational use of small groups of students to work
together to maximize their own and others’ learning in a well-defined period [34]. Collaborative
learning results in a significant and positive impact on the two dimensions of relational
coordination: communication and relationships, and it plays a key role in the acquisition and
development of cooperative competence [29]. In facts, collaborative learning structures allow
more interaction and dialogue among learners and help to create a feeling of connectedness and
belonging among learners, which is crucial for learners [35]. Different experiences applying
collaborative methodologies have produced successful results showing numerous benefits,
including increasing knowledge retention [36], enhancing creativity [37], helping to prepare
students professionally [38], enhancing results in terms of competences acquired compared to
other teaching methods [39], or improving students’ theoretical and practical ability, cooperative
ability and autonomous learning ability [40]. Although collaborative learning has been seen as a
difficult pedagogical strategy, technology can make online collaborative learning more effective
and ubiquitous.

Defining COIL: a bridge for laH

The Collaborative Online International Learning (COIL) is a pedagogical strategy that helps in the
creation of an integrated intercultural environment with the use of ICTs to connect distinct
geographical locations with different cultural background [41] [42] [43]. COIL can be seen as a bridge
for IaH activities since it usually involves faculty members who teach similar or related courses in HEls
already engaged in cooperation frameworks. In COIL, the experiential learning tool, which can be in
the form of project work, serves as the medium for student collaboration. The faculty members
assume shared responsibility in mentoring the students on the collaborations [41]. The project can run

11
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from several weeks up to a semester-long project. In [43], it is prompted how COIL provides an
opportunity for economically-disadvantaged students who may not be able to participate in travel
abroad to also benefit from an intercultural learning environment without traveling. This is the evident
link with laH or even laD. COIL requires investment in ICTs from the HEls participating in the activity.
COIL has unique attributes that distinguish it from synchronous and asynchronous distance learning.
The work in [43] explains that distance learning could include COIL component and an experiential
learning component that requires student collaborations. The inclusion of a COIL component in the
syllabus of a course benefits students and faculty members through the sharing of course material.
This may be done with courses that are similar in scope or complementary and apply project-based
learning [41]. The literature reminds that cooperative learning or COIL overlaps with collaborative
learning. Cooperative learning falls at the end of the collaborative learning continuum where the
learning processes, activities, and experiences are highly organized [44]. With cooperative learning,
the objective is for students to synergistically work together to maximize their own and each other’s
learning. Regular debriefing helps the team members in cooperative and collaborative learn to reflect
on the learning process and to device ways to improve their effectiveness [44]. Thus, social,
interpersonal, and academic skills are incorporated into cooperative learning and are all critical to the
success of the class. To incorporate intercultural competence into cooperative learning, the
environment must be created and that is one of the objectives for COIL.

Two interesting case studies explaining COIL for digital electronics

In the context of collaborative learning, an interesting experience was made involving Canadian and
Japanese university students who worked together on some video game development projects. The
experiment is particularly interesting as the experience gained is reflected in the objectives of the
DECEL European project: to make students with different backgrounds and academic cultures
collaborate in a COIL environment [45]. The project involved the formation of teams of 5 students
made up of 2 Canadian students and 3 Japanese students. The duration of the projects was 3 months
and involved the development of video games, based on some guidelines provided at the beginning.
By nature, the video game ecosystem has long been designed for remote collaborative play, with a
team working/playing together, so game development could naturally be done the same way. Each
team actively worked online defining the video concepts (a summary describing what the game is
about), the game theme (the game's unifying idea) and the atmosphere (how the game will look and
sound). The Canadian students designed, tested, and developed the video games made in the teams.
The Japanese students provided Canadian students with valuable ideas on game design, such as the
type of music and graphics that the video games should have. The team members exchanged ideas
and information and kept communicating on their own game development projects by using a private
channel (the student from one team could read and write messages in their channel but could not read
or write messages in other channels. Both the instructor from the Japanese and the Canadian
universities had access to all the channels to monitor the students’ progress.

Another interesting case study is the one proposed in [46]. The experiment involved 12 Spanish
students studying industrial engineering and 12 Indian students studying computer engineering
working together in small teams to solve projects on digital electronic systems. The objective of the
study was to provide an opportunity to the students to develop interdisciplinary solutions to real-world
problems and work in diverse and multisite teams. The projects were related to the smart home, smart
lighting, assisting elderly people, automated car washing, remote-controlled car, and automated
irrigation system. Each team had to frame a problem statement, design a solution, simulate the

12
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solution using appropriate software, implement the solution in hardware and prepare a report. The
instructors and students collaborated through e-mail, cloud tools, and video conferencing during the
study. The students had to complete the project in 5 weeks. They spent almost equal time on software
simulation and hardware implementation. In a survey conducted at the end of the study, the students
said that they had no problem in using the tools and in communicating with teammates from the other
country, and they had an overall positive learning experience. This resulted in better motivation among
students and a higher average grade. This experience is the closest to the paradigm we have imagined
for the DECEL project (in term of study disciplines and tools used).

Lessons learned from literature about COIL that should be exploited in DECEL

Some learned lessons and suggestions from literature that lead to good practices for carrying out
future COIL activities particularised in digital electronics area are summarised below.

Before running the COIL project:

e The instructors involved in COIL should carefully plan activities for themselves and the students. A
Gantt chart is a project planning tool that can be used for scheduling the COIL activities in it,
updating it by marking the progress on each defined task [47].

e Create a concise presentation for the students, showcasing the COIL project objectives and its
process. The presentation should also include intercultural communication and awareness as
suggested in the work of [48].

e Define doable and clear software or hardware development activities for the students, according
to the entire COIL project duration.

During the COIL project:

® The students can use the discussion forums in the learning management system (LMS) or other
online communication tools for brainstorming project/problem design ideas, and to keep
communicating in the development process.

e Theinstructors should constantly monitor the student communications in the LMS, giving feedback
to them if necessary.

® Be very clear about what students must do in COIL, explaining their tasks on the first day of COIL.
Post the tasks list online to be freely accessible by the students.

® Emphasize the importance of COIL for developing cross-cultural skills. Explain how this will happen
during COIL to the student’s population involved in the project.

After the COIL project is finished:

e Wrap up the COIL activities by allowing the students to present their project activities made during
COIL. This can be done either synchronously via a live video conference, or asynchronously on LMS
or other online platforms where the students can upload their screenshots and pre-recorded
videos on their developed software or hardware.

e Ask the students to conduct a debriefing on the project that they have developed. A debriefing is
an introspective exercise that analyses what went right, what went wrong and what can be
possibly improved in a development project [49]. Writing a debriefing report is a self-reflection

13
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activity on the project development process where students learn about their past mistakes and
successes.
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Project-based Learning (PBL)

Defining the PBL concept

Project-Based Learning (PBL) is a teaching methodology that consists in motivating the students,
organized in groups, to learn actively the topics they need for solving a given problem. This is
particularly important in technological engineering areas, as solving real-life problems often obligates
engineers to study new matters, understand and apply them, and critically assess the results. The
general paradigm of PBL can be summarized as learning by doing instead of traditional doing by
learning where students learn what they need to do [a project] instead of doing [a project] with just
what they were taught [50]. PBL is not a new concept and has already been used for decades in various
areas of high education [50], with roots in the medical domain in the middle ‘60s. With the explosion
of easily accessible information observed the last few decades, the task of the teacher in the classroom
is changing. In many domains the teacher is losing his major role as the main source of information
transmitted to the students and is rather gaining more and more importance as being a provider of
reliable sources of information and the driver of the student’s reasoning process (learner facilitator).
Thus, the focus of learning process is moving from the teacher to the student and learning is becoming
the student’s major responsibility [51]. PBL is also closely related to collaborative learning as it should
be implemented with groups of students. It is thus an important vehicle to promote the development
of several non-technical skills such as teamwork, communication, reporting, self-organization, and
critical thinking. Besides, PBL also allows for the implementation of multidisciplinary projects spanning
along diverse areas and accommodating students with different styles of learning. This is particularly
true in engineering where real-life projects require a multidisciplinary approach and a close
cooperation of engineering teams from various areas. Some authors support that projects exploited in
PBL teaching should be open-ended in some extent, to reflect what really happens in real-life situations
and further motivate the students with challenging design constraints and non-trivial goals [52]. These
may be set with diverse levels of demand to fulfil different accomplishment levels and corresponding
assessment grades. To really engage the students and further increase their motivation, the project
driving a PBL approach must be implemented and experimented in the field, at some extent. Ideally,
the project activity should lead to a physical realization and allow the students to play with the system
and critically assess their project outcomes against simulation results or math models. However, when
true physical implementations are not viable (e.g., insufficient resources for large classes) realistic
simulations environments, often called “virtual labs”, or real remote laboratory infrastructures can
provide a not so rich, albeit reasonable, alternative. Although the emphasis of PBL is commonly
associated to STEM disciplines and applied to high-education levels, the paradigm of the project-based
learning is transversal to different areas of education and spans all levels of education [53]. Examples
are the use of PBL for teaching languages, usually referred to as Project-Based Language Learning
(PBLL), at the pre-school and high-school levels [54], teaching of arts disciplines [55], social studies [56]
or project management [57].

Exploiting PBL in engineering studies

Project-based learning methodology is particularly appealing for various engineering domains where
learning with practice is crucial for exposing the realistic challenges of engineering projects. In addition
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to the practical perspective, this is of utmost importance for developing many personal abilities that
are not conveniently exercised by traditional lecture-based teaching schemes. This is clearly recognized
by employers of engineering areas, not only for the technical and practical competences but also for
strong non-technical skills such as communication, interpersonal and teamwork, ethic awareness,
lifelong learning and critical thinking for problem solving [58]. Several studies have been published
reporting on the application of project-based methodologies and assessment of the learning outcomes
to various engineering fields, as computer programming [5], civil engineering [6], mechanical
engineering [59], electrical and computer engineering [21, 4, 12], among others. Electrical and
Computer Engineering and, more precisely, the target areas of the DECEL project (logic design, digital
electronics, and microcontroller-based system design) are examples where the learning process can
clearly be improved by adopting a PBL teaching methodology.

A PBL example for digital electronics

The following example illustrates comparatively the applications of a traditional teaching approach
and a PBL methodology, to an introductory course on digital design focused on Boolean algebra and
combinational circuit design. Following a traditional lecture-based teaching methodology the course
would include the following 5 major sections:

e Binary number system

e Concepts and theorems of Boolean algebra

e From Boolean algebra to logic gates and logic circuits

e Equivalence and manipulation of Boolean equations, truth tables, logic circuits

e Application of the theorems of Boolean algebra for minimizing logic circuits, including the two-
level circuit minimization technique based on Karnaugh maps

Although these topics are the basic building blocks to deal with the design and implementation of
(simple) logic-level digital circuits, the students tend to memorize them and the associated techniques
in a bottom-up fashion, show difficulties to relate them and do not gain a convenient awareness of the
applications and problems they will be able to solve with these tools. When faced to a problem that
do not fit in the examples exercised in the classes, many students show clear difficulties when they
need to re-organize their mental scheme for solving a problem. A PBL approach for such an
introductory course on digital systems could start by proposing a simple but real-life problem to be
solved. Take the example of a commercial product, not cutting-edge technology but that exists: a
“binary” clock that presents time in true binary format lighting on and off two or more sets of LEDs.
Although having a questionable usefulness, there are many brands and models, just Google “binary
watch” or “binary clock”.
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Figure 3: A binary watch (source: https://www.wikihow.com/Read-a-Binary-Clock)

To be able to read the time in these binary watches one need to know the fundamentals of the binary
number system and how to convert binary numbers to decimal values. Although the instructions
accompanying these clocks explain how to convert the on/off state of the LEDs to decimal numbers,
this is done without any formal analysis and is just a recipe for common people. Around this example
various activities may be proposed to practice with decimal-binary-decimal conversion, introduce the
BCD representation and two’s complement arithmetic. Then, the logic design problem would be
building a logic circuit to convert the binary codes shown in the clock to conventional 7-segment
displays. First, a simple BCD-7 segment decoder and then expanding it, or reusing it, to build a more
complex 6-bit decoder to convert a binary number between 0 and 59 to a decimal representation in
two 7-segment displays. Various goals and constraints may be proposed to create different levels of
complexity and motivate the students to learn more. In a first stage this may be as simple as applying
the basic two-level AND-OR / OR-AND minimization using the Karnaugh maps technique. For more
complex challenges the students could be called to minimize the number of logic gates using only two-
input NANDs, minimize the number of devices or sharing parts of the logic circuit among the different
functions to implement. Finally, in an ideal scenario the students should be able to build and
experiment their physical circuits and compare among them the different solutions.
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Real Remote Labs (RRL)

Defining the RRL concept

In a high-education programs it is unquestionable that experimental skills are fundamental for gaining
the competences in various engineering areas. This can only be fully achieved by doing, observing,
debugging, and re-doing with feedback taken from the true interaction with real systems. Although
nothing replaces the practice exercised with real hands-on experimental work, in some situations it is
not possible to provide these ideal conditions to a student community due to various reasons [60]:

e The system under experimentation is at an inaccessible location or cannot be replicated for being
used by all the students in a classroom, because it is unique or too expensive (e.g., an experiment
onboard a ship, a large telescope, heterogeneous computing cluster, deployed loT network).

e The system to be experimented is dangerous and require rigorous safety measures (e.g. robotic
platform).

e The HEl does not have the adequate resources nor facilities for providing the necessary
experimental activities to their students.

e The number of students is too large for doing the experimental works within the timeframes of
their regular classes.

e The students are not physically present at the University. The whole world experienced this
situation recently during the COVID19 pandemic crisis.

In these situations, remote laboratories can effectively be an asset to overcome those difficulties.
However, the remote interaction with a physical experiment also has several limitations that in some
cases are difficult, or even impractical, to overcome. Some examples are:

e Setting up an experiment requires some sort of construction of the system to be experimented,
like for example a generic electric circuit or hydraulic piping system. For these cases, a limited
number of system configurations may be achieved by means of remotely controlled relays or
hydraulic valves.

e Although accessible 24/7, a remote laboratory is generally used only by one client at a time and
must allocate a limited time frame for each experimentation event needing a booking system. The
local and remote users can use the system but requires the use of the booking system for everyone.

e |n experiments requiring real-time interaction, the latency of communications can compromise
the feel of the experimentation activity.

e The remote online interface for managing the RRL might be inefficient and sometimes far from
reality (eg. controlling the apparatus with the mouse instead of buttons and knobs.

e Some remote labs could include cyber security backdoors especially for logically or software
programmed connected hardware by uncontrolled people.
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Itis common to see included under the “remote laboratories” umbrella any type of remotely accessible
experimentation resources or tools, including systems based solely in simulation by software tools,
usually referred as “virtual remote labs”. We will only consider a strict category of remote laboratories
that allow, at some extent, the interaction with real physical systems. These are called “real remote
laboratories” (RRL) and must have two important characteristics:

e The system being experimented remotely actually exists as a real physical system, located at a
remote site.

e The remote experimentation activity consists in building/adapting/configuring the experiment,
providing some data to that system, or interacting in real-time with it, and
observing/analyzing/retrieving the responses of the system under experimentation.

Simulation is naturally a necessary tool in many engineering fields, and simulation environments are
getting more and more sophisticated, mimicking real physical systems with very high degrees of
realism. However, running virtual laboratory environments in a local computer or a remote computer
is not different, from the user point of view. However, situations exist that clearly justify accessing a
simulation environment installed in a remote machine instead of using local simulators, as the
availability of the tools or the limited performance of the user computers. There are many
implementations of remotely accessible laboratory facilities, in a wide range of domains of knowledge.
In short, a “real remote laboratory” is a system accessible by the Internet that allows remote users to
do some experimental activity on a physical system. We will discuss remote laboratories in the context
of the teaching activity of electronic digital systems and related matters, not considering details of
other areas of engineering or physics. Additionally, we will focus not only on “logic systems”, but rather
on “digital electronics” which also considers the issues associated to the electric behavior of electronic
digital circuits.

The case of digital electronic systems

Concentrating in real remote laboratories for teaching digital electronics (device level) and digital
systems (logic-, gate-, or RTL-level) there many implementations addressing similar objectives and
sharing common characteristics from their utilization point of view. On the top of the remote
laboratory workbenches, all remotely accessible laboratories require a booking mechanism for
managing the access to the always limited resources. For exercising with electronic digital devices and
their characterization in terms of the electric and timing behavior, one category of remote laboratories
makes use of network-enabled test and measurement instruments to allow the remote interaction
with the physical workbench. This is the case of the VISIR system (Virtual Instruments Systems In
Reality) [61], the variant Deusto-VISIR [62], the NetLab platform [63] or the iLab infrastructure [64]
that are devoted to remote experimentation of analog circuits, even digital gates in some platforms.
Several other systems exist that allow different levels of user interaction for setting up the circuit to
be tested and controlling the remote instruments. Another category of remote laboratories for digital
system design resort on FPGA platforms to allow the implementation and experimentation of digital
systems from a remote location [60] [65] [66]. There are many implementations of such systems
although most of such platforms do not differ too much in what concerns to the point of view of the
remote user. In general, a design is uploaded to the remote laboratory platform, either as the final
bitstream file used to configure the whole FPGA or a logic specification of the circuit to experiment
with (HDL or schematic). Then, the circuit is physically implemented in the remote platform. This may
be just loading the FPGA configuration bitstream or running remotely the design tools for the

19



Co-funded by
the European Union

DECEL: Digital Electronics Collaborative Enhanced Learning

integration of the user design in a host pore-built project and performing the device-specific
implementation steps (synthesis and place&route). Then, the remote user can interact with the system
through a web interface that apply logic values to the inputs of the real circuit and allow to observe
and analyze the circuit’s behavior. This can be accomplished either by retrieving output data generated
by the circuit under experimentation or watching, in real-time through a video camera, to see the state
of physical devices attached to their outputs (eg. LEDs, mechanical actuators, etc).

The flexibility of FPGA-based platforms is enormous, and these types of remote experimentation
facilities can address several application domains for exercising the design of digital systems. Examples
are control of DC motors [67], teaching low power electronics [68], image processing [69], computer
architecture [70], microprocessor design [71] or applications in the domain of the Internet of Things
[72]. In this technology field we can see that the RRL is used like a hardware-as-a-service platform
(Haas).

Remote labs in a digital electronic course: where and when?

Several countries such as United States, Australia, Canada, Germany, and the United Kingdom have
been early adopters of remote labs in digital electronics and have a strong history of utilizing
technology in education. These countries have well-established higher education systems and a strong
emphasis on technology-enhanced learning, which has driven the growth of remote labs.

In developing countries, remote labs in digital electronics are becoming increasingly popular as a
means of providing students with access to laboratory experiences and hands-on learning, despite
limited access to physical laboratory facilities. These countries are leveraging remote labs to overcome
the challenges posed by the lack of equipment, funding, and trained personnel in traditional laboratory
settings.

It is worth noting that the use of remote labs in digital electronics is growing globally, and many
countries are starting to incorporate them into their educational systems.

The case of teaching electronic digital systems (how to analyze, design, build) involves different levels
of know-hows for which the skills of real experimentation apply, although at different degrees. This
usually requires the study of many matters that are usually spread along different courses in high-
education programs. In this subsection, we now describe the sequence of matters for teaching an
introductory course on digital electronic design from scratch, to identify the main stages where
experimental competences should be exploited and RRL might be used. This discussion addresses the
main topics and opportunities for real experimentation for an introductory course on digital electronic
design based on the information from multiple HEI additionally to the four DECEL partners.

One important point at this initial stage is keeping the students aware that a logic circuit is formed by
simple electronic devices performing the elementary Boolean operators. First stage aims
understanding the representation and manipulation of information using the binary system: numeric
representation, binary arithmetic, text encoding, etc. This is the root of knowledge to deal with the
further subjects and these topics can be, and should be, exercised with simple software tools running
in basic computers or even smartphones. Next comes learning the Boolean algebra abstraction,
involving the symbolic manipulation of Boolean expressions, the representation of combinational
functions in different forms as Boolean functions, truth tables, minterm or maxterm list, minimization
of expressions (e.g., using Karnaugh maps). The path to achieve digital electronic circuits goes now
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through the translation of Boolean expressions to real logic gates and understanding the relationship
between zeros-ones and low-high voltages. Topics to exercise are the synthesis of combinational logic
circuits, minimization, and mapping to electronic gate-level devices, such as the SSI 74xxx series.
Although these devices are obsolete for years, they still find a place for educational purposes, but it is
more and more difficult to find these « old » components due to scarcity issues. Also, it is important
to understanding the electric representation of logic values as logic standards, noise levels and
input/output limitations of real devices. A first stage of experimentation with real electronic digital
circuits happens here and adds physical details that do not exist when dealing with Boolean algebra
and abstract logic circuits. Objective is to address and understand electric issues such as powering
electronic devices, dealing with floating inputs, pull-up/pull-down inputs, outputs load. Simple projects
involving a few small-scale integration ICs (e.g., 4-bit adder, 7-segment decoder) are adequate at this
level and realistic simulator (including breadboard and components pinout) are becoming the perfect
tool for this purpose. Following the principles of designing combinational logic, comes the concepts
related to sequential logic. Focus here is on understanding the dynamic behavior of basic clocked
synchronous memory devices (D-type flip-flop), finite state machines and sequential synchronous
standard functions such as counters and shift-registers. This topic also introduces the analysis of timing
characteristics in the behavior of sequential logic circuits, and this should be the focus of a next level
of experimental works. This aims letting the students gain awareness with important characteristics of
sequential devices depending on time (e.g., propagation delays, rise/fall times) and their impact in the
sequential behavior. Examples are the experimental analysis of propagation delays and transition
times under different loads and supply voltage conditions, and the analysis of the timing relationship
of the electric signals representing the data flow along a multi-register sequential circuit (e.g., a simple
shift-register). Laboratory experiments can be implemented on the top of the practical skills acquired
in the previous practices, adding the utilization of basic measurement and test instrumentation, as the
signal generator, oscilloscope, and logic analyzer. The construction of finite-state machines for
implementing control-oriented systems is usually the next subject to be addressed. However, the logic
complexity of simple, albeit realistic, finite-state machines that interact with physical sensors and
actuators (e.g., the classic traffic-light controller) makes difficult to assemble such circuits using
traditional prototyping platforms such as breadboards, due to the necessity of using a large number of
gate-level digital integrated circuits and the increasingly complexity of building the interconnections.
Programmable HW like FPGA devices is the preferred technology here to allow creating more complex
sequential circuits that interface with a large variety of input and output devices. Nevertheless, it is
still important at this stage to maintain a close relationship with the fundamentals of logic design and
not jumping immediately to automated tools for synthesizing FSM from state-transition specifications,
that hide important but real problems, as for example, state encoding or state merging/splitting. In
this sense, an initial level of practical works addressing the design of FSMs can be done still at gate-
level but targeting a FPGA platform and building the gate-level logic circuits in a schematic editor. This
is important for the students to better understand the whole design process and the problems
associated to the construction of complex control-oriented circuits. The examples of practical hand-on
exercises or experiments described above are important for the students to adjust their reasoning to
the real world of digital electronics.

Although nothing substitutes the real touch and feel when building and experimenting electronics in a
real physical workbench, in some situations it may not be possible to provide such facilities to all the
students, due to the reasons stated above.

In digital electronics, we identify 3 different types of experimental activities:
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Building (on breadboard) and experimenting basic combinational circuits using small-scale
integration ICs. This is an example where a RRL is impractical do be done, as one of the
competences to be exercised is the construction of the physical circuit. Simulators exist that allow
the virtual construction and simulation of circuits on breadboards [25]. Although these are not
“real remote labs” and do not allow dealing with the measurement and analysis of electric
guantities, such simulators are the possible approach for experimenting remotely the assembly of
digital circuits on breadboards.

Characterizing electronic digital circuits, either in timing (propagation delays, rise/fall times),
voltage levels at inputs and outputs, effect of output loading or power consumption. This type of
remote experiment can be well implemented using test and measurement instrumentation
supporting remote operation. A set of experiments can be pre-assembled with various
configuration parameters such as different loads connected to digital outputs, variation of the
supply voltage, clock frequency and rise/fall times or voltage levels of digital inputs.

For the topic of sequential circuit design and finite-state machine synthesis, a remote laboratory
should be able to provide the resources for: (i) implementing a FSM given a gate-level logic circuit
for the basic template of Moore and Mealy FSM (at schematic level, representing the next state
combinational logic and the output logic); (ii) experimenting the circuit remotely while embedded
in a physical system for performing some task involving real sensors and actuators. To accomplish
this the ideal platform is undoubtedly a FPGA-based system supported by a set of tools to allow
the easy integration of an FSM into a more complex project for the target board. Feedback to the
remote user can be supported by the most common approach of streaming video image of the real
system being experimented.
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Conclusions

This document is the outcome of a joint effort between Universities of Ferrara, Porto, Tours, and Alcala
in analyzing and benchmarking the best pedagogical strategies implemented in internationalization
activities concerning, yet not limited to, the field of reconfigurable digital electronics. A review of the
main studies about Internationalization at Home has been performed by exposing the pros and cons
of such an interesting teaching methodology that brings an international dimension to the courses
syllabi without the actual need to travel abroad both for staff personnel and students. Limitations,
implementation barriers, and challenges have been examined in view of a critic reasoning and in
attempt to apply the best solutions for the DECEL project. Then, the collaborative learning paradigm
has been investigated through several case studies evidencing the benefits of the COIL approach and
the active learning. A guideline of the steps to make the initiative successful has been provided and
will be used as a reference for the next activities of the DECEL project. Finally, a thorough assessment
of the real remote labs platforms was performed to give an overview of the new teaching techniques
in the era of an enhancement of the traditional project-based learning concepts.

All these studies have been performed in the context of the O1 of the DECEL project, for which this
report serves as the final document to be leveraged in the future project steps.
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