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Abstract—This paper describes the organization and results of several MOOCs delivered about technical topics
(i.e., digital electronics, VHDL design on FPGAs, open education and OERs repositories and the use of STEAM
technologies to encourage diversity and inclusion), where on-line laboratories have been used in some of them. An
analysis of the enrollment, students participating on tasks or quizzes, drop-out rate and certifications requests have
been done.
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1. INTRODUCTION
In4Labs is a Spanish project devoted to accelerating the transition of traditional industry towards Industry 4.0.

It has as one of its tasks the creation of a Massive Open Online Courses (MOOC) about Industry 4.0 technologies
including virtual and remote laboratories.

One of the main problems that we face in the design of MOQCSs in technical disciplines is that students need
to carry out practical activities. However, these activities are usually difficult to provide in MOOCs, where the
main resources are videos or readings. It is here where virtual and remote laboratories play an important role.
These educational tools allow students to remotely carry out these practical experiences [1] by using on-line
simulators or real hardware but controlled remotely.

Studies on on-line labs have shown that students can benefit from their flexibility and thus strengthen their
innovative capacity and logical thinking [2].

Platforms such as UNED Abierta already integrate
this type of laboratory in their courses, and it is here
where we will put the focus of study in this work [3].
This paper studies several technical MOOCs, ones
containing on-line laboratories and others not,
delivered in an OpenEdX platform (UNED Abierta) to 3= —
study the drop-out rate and certifications requests in :
each one of them.
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In particular, the research question to analyze in
this paper is the following:

RQ: Do MOQC:s including remote laboratories

The results of this paper may be of interest for
those looking for design new MOQOCs about technical < Prevous  New >
disciplines, especially those thinking about including

. . . Fig. 1. Digital electronics MOOC section with a video-lecture.
on-line laboratories as a resource in the course.

The structure of this paper is as follows: Section 2,

methods, describes the methodology followed in this
study. Section 3, results, provides the data obtained from the studied courses. Finally, section 4 provides the analysis
of the results and some conclusions.

2. METHODS
The methodology used to carry out this study is the following:

1) MOOCs definition. Among the decisions to take in the definition of this kind of technical MOOCs can be
found the following ones: syllabus definition; type of assessment; type of interaction between students; and use
of different type of credentials.. In particular, the following MOOCs were defined:

a) Introduction to Digital Electronics (Figure 1). This is a course about digital electronics with 5 modules
covering different topics of digital systems, such as bool algebra, function simplification, logic gates,
combinational circuits, flip flops, and sequential circuits (e.g., counters). This course includes 10-20 minutes
video-lectures (Figure 1) and numerous interactive virtual labs (Figure 2) to allow students to practice what they
learnt in the video-lectures [4].
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Fig. 2. Digital electronics MOOC section with an example of virtual
laboratory.




Enjoying FPGAs: Foundations, simulation and practice. This course teaches everything you need to enjoy
designing digital systems with FPGA devices. Students learn from the architecture of these devices to the use of
commercial tools and real practice with remote laboratories. The course is based on short and entertaining videos,
with a practice-oriented design thanks to the use of real devices through remote laboratories, provided by
LabsLand (Figure 3). Therefore, it is not necessary to have an FPGA to be able to take the course and enjoy

designing with real FPGAs.

b) Educational Robotics for all: gender,
diversity, and inclusion in STEAM. This course
focuses on the presentation of a combination of
teaching methodologies, educational robotics
tools, and a student learning management
methodology. All of these topics are discussed in
a way that focuses on strengthening the presence
of women in engineering. This course includes
10-20 minutes video-lectures.

Foundations to Open Education and OERs
repositories. This 5-week course is designed to
provide a comprehensive understanding of the
ways in which open education and open
educational resources are changing the rules of
education. The purpose of the course is to help
faculty and professionals dedicated to education
to understand the advantages of open education
and how they can apply it to their everyday
teaching. This course includes 8-15 minutes
video-lectures and numerous reading materials.
All the developed materials [5] (e.g., video-
lectures, powerpoints, reading documents) were
provided for download as open educational
resources (Figure 4).

2) MOOC assessment and interaction
definition. The assesment and interaction on each
one of the MOOCs were carried out as follows:

a) Introduction to Digital Electronics. The
assessment was based on one quizz per module.
Additionally, there was a pre-test at the beginning
of the course and a post-test at the end, to allow
the evaluation of the learning improvement.
Finally, a satisfaction survey was provided at the
end of the course. Students in this course were
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Fig. 3. Remote laboratory accessible in the Enjoying FPGAs MOOCs.

IDE screen where the student writes the VHDL code (up). View of the

webcam and the virtual control pointing to the remote FPGA laboratory
(down).

divided into two groups: experimental group, with access to video-lectures and virtual laboratories; and control
group, with access to video-lectures and static images, instead of virtual laboratories. The interaction between
students and the teaching staff was done through the course forums.

Enjoying FPGAs: Foundations, simulation
and practice. The assessment in this course is
organized through a final quizz test in each one of
the four modules. Additionally, there are two peer
to peer review tasks (modules 3 and 4), where
students have to grade the VHDL designs of other
students. The interaction between students and
the teaching staff was done through the course
forums.

b) Educational Robotics for all: gender,
diversity, and inclusion in STEAM. The
assessment in this course was done through a pre-
test at the beginning of each module and a post-
test at the end, to allow the evaluation of the
learning improvement in each module. The
interaction between students and the teaching
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Here you have all of our MOOC resources. You can use them and reuse them for your own educational purposes:

1. MOOC Videos:

* Module 1 videos on Canal UNED

* Rest of the videos on YouTube
2. Presentations on SlideShare:

* Word with the links to the SlideShare presentations

+ PPTs from all modules (ZIP)

3.Q ires, y readings, additi and research g ions

* Download questionnaires for all modules (ZIP)

* Download mandatory readings, additional materials and research questions for each module (ZIP)

Fig. 4. Screenshot of the Foundations to Open Education and OERs
repositories MOOC where all the developed materials are provided to
the students as OERs.




staff was done through the course forums but also
a social network activity was proposed. Students
were encouraged to Tweet with the
#STEAMA4ALL hashtag about their advances in
the course and some collaborative activities
(Figure 5).

Foundations to Open Education and OERS
repositories. The assessment in this course was

Contenidos > Module 5: Deployin... > Social network activ.. » Twitter publication
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Twitter publication
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Could you publish on Twitter three best ideas from the topic Deploying educational content
with Scratch, Crumble and Arduino using the hashtags #STEAM4ALL and

#DeployingEducationalContent?

done through a pre-test at the beginning of each
module and a post-test at the end, to allow the
evaluation of the learning improvement in each
module. The interaction between students and the
teaching staff was done through the course
forums.

3) Learning analytics of key performance
indicators. The following indicators were
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Fig. 5. Screenshot about the social network activity in the Educational
Robotics for all MOOC.

analyzed in each course in the last edition of each one of them:
o number of students enrolled in the course
o number of students that carried out any test or task
o number of students approving the course
o number of recognition certificates requested

3. RESULTS

The result of this study is shown in Table I, specifying number of enrolled students, number of students
submitting some tasks or participating in any quiz test, drop-out rate and number of recognition certificates
requested in total.

TABLE I. ANALYSIS OF DROP-OUT AND RECOGNITION CERTIFICATES REQUESTED.
Students Students Recognition
Enrolled doing passing certificates
MOOCs students some task the requested
or quiz course
Introduction to 339 60 21 12
Digital Electronics (17.7%) (6.2%) (3.5%)
Enjoying  FPGAs:
Foundations, 191 44 14 14
simulation and (23.1%) (7.3%) (7.2%)
practice
Educational
Robotics for all:
o 15 9 1
gender,  diversity, 172 0 0 0
and inclusion in (8.7%) (5.2%) (0.6%)
STEAM
Coonmeot | v | 29| s T e
repositories = =7 o7

4. DISCUSSION AND CONCLUSIONS

The results obtained in the study indicate that the number of recognition certificates requested in each one of
the courses is, in the best of the cases, below the 8% of the total enrolled students at the beginning of the course.

Another conclusion that can be derived from the results is that the use of remote laboratories inside the MOOC
do not provide additional motivation to pass the course, since the MOOCs about digital electronics and FPGA
design do not provide better results in this item. In three of the four courses only around 6% of the enrolled students
pass the course.

Regarding the number of students doing some task or quiz, in three of the four courses only around the 20% of
students carried out some task or quiz. This means that around 80% of the enrolled students did not carry out any
task. They were just interested, in the best of the cases, in having a look to the video-lectures, but they could not
devote time to any quiz or task.

The experiences described in this work will help authors of this study, researchers of the In4Labs project, to
specify the performance indicators of the MOOC that has to be designed in the project in relation to those described
in the present study.



This study presents some limitations, such as the low number of students analyzed. As future work, this study
can extend the analysis to more editions of these courses to obtain more accurate and sound results.

Another interesting future work will be analyzing the satisfaction questionnaires delivered to the students at the
end of each MOOC. This analysis will help us to understand if there are any differences in satisfaction, for example
between MOOCs with and without remote laboratories.
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