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Abstract Many challenges need to be addressed in facing the In-
dustry 4.0 (I4.0), especially for teachers in schools or colleges.
One of them is how to adapt a learning process with 14.0 where
computers and technologies play an important role. A hybrid
learning approach using a virtual laboratory could be the answer
to this problem. Hybrid learning combines face-to-face learning,
e-learning, virtual laboratory and practice in a laboratory. It could
optimize the advantages of all methods and introduce educa-
tional technology to students. Furthermore, it will prepare the vo-
cational teacher candidates in facing the 14.0. This paper focuses
on developing, implementing and optimizing a power electronic
course for vocational students with a hybrid learning approach
using a virtual laboratory in Universitas Negeri Yogyakarta, In-
donesia and it is based on the author’s experiences. The hybrid
learning approach is validated by experts from electrical engi-
neering education using an assessment method and analyzed by
means statistically. The result shows that the hybrid learning ap-
proach by using virtual laboratory can be adopted for improving
the analytical thinking in solving power electronics problems for
students as a vocational teacher candidate.

Keywords hybrid learning approach, power electronics, e-
learning, vocational teacher, industry 4.0
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1 Introduction

Modern industry in the era of industrial revolution 4.0 (I14.0) has led to
an increase in energy requirements, especially from renewable energy.
Most of the energy that is used by a human being is electricity. To im-
prove the quality and efficiency of electrical energy, many things can be
done by converting energy. However, traditional converter systems are
insufficient to increase the controllability, capacity, and the efficiency of
power as well as efficiency for energy systems [1]. For these reasons,
current studies are now more focused on electronics switching. Power
electronics consist of electronic switching principles to convert from Al-
ternating Current (AC) to Direct Current (DC), DC to DC, AC to AC
and DC to AC [2]. It is used in a wide range of applications such as
motor controls, industrial applications, vehicle systems, electromechan-
ical controls, and power systems integration of renewable energy re-
sources [1,2]. It becomes a subject course in the electrical engineering
education curriculum for preparing teachers in electrical engineering
fields.

The most common teaching approach used in higher education is a
face-to-face lecture, and it is known as the traditional teaching. How-
ever, in recent years, the lecture is described as passive teaching, be-
cause it discourages students to think critically and construct their
learning. It focuses only on face-to-face interaction. It does not accom-
modate student opportunities for collaborative learning. Moreover, it
does not give a chance to the instructors to implement learning with an-
alytical and critical thinking skills [3,4]. As a result, students may feel
bored in a classroom with traditional teaching [5]. They usually do not
get motivated by the face-to-face classroom. Besides, they might think
it will not bring any benefit for their future careers. Therefore, they pay
less attention to the lectures. They do not care and do not participate in
the class. As a result, it can cause behavioral problems for them.

Nowadays, the learning and teaching process on power electronics
course have changed greatly. Science and technology have become dig-
ital and an integral part of the educational system in many countries.
Many institutional educations provide e-learning to support the learn-
ing process such as downloading lecture notes, learning web-based ma-
terials, attending web-based lectures and video lectures [6]. Many lec-
turers have investigated the scope of information and communication
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technologies in education [3,4,7]. On the other side, some lecturers
have developed the virtual laboratory to give the practical skill for stu-
dents and implemented in many subject areas such as Chemistry [5],
Electronic Engineering [8], Robotics [9], Science [10] and Power Elec-
tronic [11,12]. The implementation of online learning and virtual labo-
ratories has many advantages. They are easy to use, reduce time, and
allow students to perform several experiments within a limited time
and plan their future studies carefully [3,5,7,10].

However, there are some problems with the way of teaching with e-
learning or virtual laboratories, especially for the engineering subject
like a power electronics course. E-learning or virtual laboratories cannot
satisfy the needs of the participants in the educational process. Skill de-
velopment must be obtained by experiment rather than only computer
simulation through e-learning or by the virtual laboratory. As a teacher
candidate in vocational school, students must have analytical and crit-
ical thinking skills to collect and analyze information, solve problems
and make the best decision [13]. It can be improved by some learning
methods such as causal thinking, creative thinking, knowledge-seeking,
systematic problem solving, and decision-making. The analytical and
critical thinking skills can be measured from several aspects like 1) in-
quisitiveness, 2) self-confidence, 3) analyticity and 5) maturity [13, 14].

2 The Objective of The Study

Considering the previously defined statement, the main objective of this
study is:

a. Developing a hybrid learning approach using a virtual laboratory
to increase analytical and critical thinking skills on solving the
problems in the power electronics course.

b. Implementing the power electronics course using a hybrid learn-
ing approach to increase analytical and critical thinking skills on
solving the problems in the power electronics course.

c. Optimizing the power electronics course using a hybrid learning
approach with the combination of face-to-face, e-learning, virtual
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laboratory and practice in the real laboratory to increase the ana-
lytical and critical thinking skills on solving the problems in the
power electronics course.

3 Research Method

The research of the optimization of a hybrid learning approach using
virtual laboratories in power electronics courses is carried out through
a procedure as shown in Figure 10.1. The first step involves the research
and information collecting for the need analysis. It is conducted by lit-
erature reviews, classroom observations, and report preparation for the
state of the art. The second step is to design a Power Electronics module.
The next step is developing the Power Electronics module that consists
of a manual, e-learning, a virtual laboratory, and a laboratory module.
The fourth step is the validation of the power electronics module by
the electrical engineering education expert. The fifth step is implement-
ing a hybrid learning approach in the power electronics course with
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Figure 10.2: The hybrid learning approach using virtual laboratory

integration of a virtual laboratory. The implementation of the hybrid
learning approach has carried out through classroom action research.
The instrument that used to measure the module of hybrid learning
on power electronics course was a questionnaire using a 4-point Likert
scale ranging from 1 (very weak) to 4 (very good/strength). The com-
petence of students will be measured by a test and the analytical and
critical thinking skills were measured by observation of the students
about inquisitiveness, self-confidence, analyticity, and maturity.

4 Result and Discussion

4.1 Developing Hybrid Learning Approach

The hybrid learning approach using the virtual laboratory on power
electronics course is illustrated in Figure 10.2. The components of hy-
brid learning using a virtual laboratory on power electronics course are
composed of fives elements. There are 1) student activities, 2) teacher
activities, 3) hybrid learning, 4) assessment system, and 5) support sys-
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tem. The development of a hybrid learning module was based on the
need of analysis.

The hybrid learning module was validated by three experts from
electrical engineering education who have experience in e-learning,
computer media development, and virtual laboratory. Based on the
judgment from the experts, the hybrid learning approach applied in
the power electronics course with virtual laboratory is highly recom-
mended with an average score of 3.22.

Average scores of 3.22 can be interpreted as good level; it means all
experts give a good or a very good interpretation in each aspect of the
hybrid learning module on the power electronics course. They agree
and give a good rate to the hybrid learning approach module with con-
fidence. Meaning, it can be implemented to improve analytical thinking
skills and evaluation ability for problem solving in the power electron-
ics fields.

Table 10.1: The expert judgment to the hybrid learning approach on power elec-
tronics course

No|Aspects of Hybrid Learning Approach Mean |Interpretation

1 |Usefulness of Power Electronics module in hybrid| 3,10 (Good
learning

2 |Face to face activities 3,02 |Good

3 |E-Learning activities 3,42 |Very Good

4 |Virtual laboratory 3,36 |Very Good

5 |Laboratory activities 3,04 |Good

6 |Assesment system 3,38 |Very Good
Summary 3,22 |Good

Average scores of 3.22 can be interpreted as good level; it means all
experts give a good or a very good interpretation in each aspect of the
hybrid learning module on the power electronics course. They agree
and give a good rate to the hybrid learning approach module with con-
fidence. Meaning, it can be implemented to improve analytical thinking
skills and evaluation ability for problem solving in the power electron-
ics fields.
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4.2 Implementation and Optimization
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The implementation of hybrid learning, using a virtual laboratory on
the power electronics course, is done in the odd semester from Septem-
ber until December 2018. It is implemented by class action research to
obtain the best method for implementing a hybrid learning approach
in the power electronics course. Active learning strategies are used to
allow students to participate in the classroom, e-learning, virtual labo-
ratory and practice in the laboratory. This method can enhance the skill
such as analytical skill, communication skill, and social skills.

Table 10.2: The average score test and analytical thinking skill

No|Aspects Cycle 1|Interpretation|Cycle 2|Interpretation
1 |Test Score 6,22 |Enough 7,96 |Good

2 |Inquisitiveness | 2,42 |Weak 2,92 |Good

3 |Self-Confidence| 2,68 |Good 3,28 |Very Good

4 | Analyticity 2,62 |Good 3,32 |Very Good

5 |Systematicity 2,48 |(Weak 3,12 |Good

Table 10.2 shows the result of test score and analytical thinking skills
aspect through the implementation of the hybrid learning approach in
cycle 1 and cycle 2. The learning process in cycle 1 was done by a hybrid
learning approach without the virtual laboratory. Cycle 2 was done by
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a hybrid learning approach using the virtual laboratory.

The combination of face-to-face, e-learning, virtual laboratory and
practice in the laboratory was planned, done, analyzed and reflected in
each cycle. Based on 2 cycles of hybrid learning using virtual laboratory,
we identified the following strategies to achieve the best results:

a)

b)

<)

Theory in classroom: Power electronics learning starts from learn-
ing activity in the classroom with the face-to-face method orga-
nized by the teacher. Face-to-face learning in the classroom is
meant to provide basic provisions for electronic concept theory.
From this learning, students are expected to have knowledge as a
solution to solve some problems in power electronics fields. The
active learning method is implemented in the classroom with the
face-to-face learning process.

Simulation using virtual laboratory: The virtual laboratory is a
laboratory clone obtained through the use of computers and soft-
ware. The use of a virtual laboratory is aimed so that students
could understand the procedures and do experiments in the real
laboratory. Virtual learning is done by using power electron-
ics computer-based learning media, Power Simulator (PSIM) and
Personal Simulation Program with Integrated Circuit Emphasis
(PSPICE) software to help students understand the procedures of
designing and analyzing the power electronic circuits.

Practice in real laboratory: Laboratory activities begin with the in-
troduction of tools and materials, measurements, and testing de-
vices, identifying tools and practice materials, assembling power
electronic circuits (rectifiers, controlled rectifiers, AC regulators,
DC chopper and inverters), measurement process and analyzing
input and output of the circuit. Student activities in the laboratory
are designed by the project-based learning which has a chance for
the lecturer to give some assignments to the students, for example,
designing power electronic circuits and solving real-world prob-
lems.

Analysis: The next step is to analyze the results of laboratory ac-
tivities in accordance with the theory that has been given. The
analysis is carried out in the form of reports accompanied by data
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on the results of lab works and projects. Every student must make
a laboratory activity report for every given job.

e) Presentation: The final step in hybrid learning is to present the
results of the project that students are working on. Presentations
are conducted in groups. It aims to train the students to work in a

group.

5 Conclusions

The hybrid learning approach on the power electronics course inte-
grated a variety of learning methods. Traditional face-to-face learning
in the classroom gives some basics knowledge for students. E-learning
adds the student’s understanding of theory and self-paced learning. It
contributes to the improvement of analytical thinking skill, and to the
evaluation of ability to solve problems in power electronics fields. A
presentation can give the students experience to prepare, design, prac-
tice and present the theoretical concepts in class.

The optimization of the hybrid learning approach for the power elec-
tronics course was done by integrating all of the resources related to
conventional teaching, e-learning, virtual laboratory and practice in the
laboratory. Students are more interested and they keep their attentions
in class, e-learning, virtual laboratory and practice in the laboratory. Al-
together, this research shows that hybrid learning can be adopted for
improving analytical thinking skill in solving power electronics prob-
lems for students as a vocational teacher candidate.
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Vorwort

Im Zeitraum vom 5. bis 7. Januar 2019 fand im Internationalen
Informatik- und Begegnungszentrum Sachsen IBS in Laubusch der , 1st
Interdisciplinary PhD Workshop of Media Computer Science 2019“
statt. Das {ibergeordnete Ziel des Workshops bestand darin, die
Fallstricke einer institutionellen Forschung in der Startphase der
Promotion zu  iiberwinden und dabei die angehenden
PromovendInnen zu befdhigen, ihre wissenschaftlichen Beitrdge
innerhalb einer wohlwollenden, aber kritisch eingestellten Community
einzuordnen.

Thematisch angesiedelt war der Doktorandenworkshop an der
Schnittstelle verschiedener Disziplinen und Fachbereiche aus der
Informatik und den Sozialwissenschaften. Er forderte durch
kooperatives Engagement von neun Professoren und Betreuern aus
drei sachsischen Hochschulen (HS Mittweida, TU Chemnitz und TU
Dresden) in einem innovativen 3-tdgigen Format das wissenschaftliche
Arbeiten und die Entwicklung von Soft Skills der 18 PromovendInnen
in besonderem Mafle. Hierbei wurden klassische Elemente und
Methoden eingesetzt, die von der gegenseitigen Vorstellung der
individuellen Arbeitsthemen bis zu wissenschaftlichen
Arbeitsanleitungen reichten. Dariiber hinaus sollten die Promovenden
mit Unterstiitzung erfahrener Wissenschaftler und Projektleiter
innerhalb eines innovativen Formats wissenschaftliche Doménen in
Kurzform gruppenbasiert ergriinden und gewonnene Erkenntnisse
prasentieren. Ein Open Review der eingereichten Promotionsbeitrage
komplementierte die zuvor aufgefiihrten Formate.

Der Promovendenkreis entstammte den nachfolgenden
Nachwuchsforschergruppen:

Agile Publika: Die vom European Social Fund (ESF) geforderte
Nachwuchsforschergruppe, bestehend aus fiinf Doktoranden und
einem Postdoc, erforscht Themenstellungen, welche fiir die lokale
Offentlichkeit von besonderer Relevanz erscheinen. Dabei stehen
Bewegungsmuster und Nahverkehr ebenso im Fokus wie
beispielsweise Meinungsbildungsprozesse in sozialen Medien.



Methodisch liegt der Schwerpunkt bei der Untersuchung dieser
Phanomene mittels computergestiitzter maschineller Analysen. Die
Gruppe ist interdisziplindr und hochschuliibergreifend zwischen den
Fakultiten @ Medien @ und  Angewandte  Computer- und
Biowissenschaften = der  Hochschule  Mittweida und dem
Medienzentrum der TU Dresden am Schnittpunkt von Informatik und
Kommunikationswissenschaft aufgestellt.

localizeIT: Im Rahmen der Innovationsinitiative Neue Lénder
“Unternehmen Region” forderte das BMBF seit dem Jahr 2005
unterschiedliche Projekte, wozu das Projekt sachsmedia (2007 bis 2012)
sowie die Stiftungsjuniorprofessur Media Computing mit ihren 5
Mitarbeitern im Projekt “localizelT — Lokalisierung visueller Medien”
an der Fakultdt Informatik der TU Chemnitz (2014 bis 2019) zdhlen.
Eine wesentliche Zielsetzung besteht darin, durch automatische
Analyse von Ton-, Bild- und Videomaterialien zu einem semantischen
Verstandnis der Medien der lokalen Fernsehlandschaft zu gelangen,
wobei insbesondere die Klassifikation und Verortung der darin
enthaltenen Personen und Objekte eine grofie Rolle spielen.

Der Tagungsband préasentiert die im Ergebnis des Workshops
iiberarbeiteten Beitrdge, welche aus dem interdisziplindren Austausch
von Wissenschaftlern und Nachwuchsforschern der TU Chemnitz, der
Hochschule Mittweida und der TU Dresden hervorgegangen sind und
sich in die Schwerpunkte Maschinelles Lernen und Life Sciences,
Multimodale Datenanalyse und Big Data, Social Analytics und E-
Learning einteilen lassen.

Viel Freude beim Lesen wiinschen Ihnen
Ihre Herausgeber und Workshop-Organisatoren

Jun.-Prof. Dr. Danny Kowerko (TU Chemnitz, Jun.-Prof. Medieninformatik)
Prof. Dr. Marc Ritter (HSMW, Professur Medieninformatik)

Prof. Dr. Thomas Kohler (TU Dresden, Medienzentrum)

Dr. Kristina Helle (HSMW, Modellbildung und Simulation)
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