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Abstrak

Teknologi Digital termasuk Big Data, Artificial Intelligence (Al), dan Data Mining telah menciptakan revolusi dalam
pendidikan: beralih dari metode pengajaran tradisional ke metode belajar mandiri, yang dapat memaksimalkan kompetensi
belajar mandiri peserta didik untuk menghadapi perubahan teknologi digital. Penelitian ini bertujuan untuk
mengembangkan metode untuk menyelenggarakan experiential teaching guna memaksimalkan kemampuan belajar mandiri
siswa di lingkungan digital dan memenuhi perkembangan ilmu pengetahuan dan teknologi yang maju. Penelitian ini
menggunakan metode campuran antara kualitatif dan kuantitatif untuk analisis dan penilaian. Penelitian ini berfokus pada
experiential learning tingkat tinggi yang merupakan pengalaman: diskusi kelompok, eksperimen & praktik untuk mata
pelajaran tertentu, yaitu sistem tertanam. Hasil penelitian ini telah mempresentasikan dasar ilmiah untuk mengembangkan
kompetensi belajar mandiri melalui kegiatan experiential di lingkungan digital dan mengusulkan dua strategi untuk
mengatur kegiatan experiential di lingkungan digital untuk mengembangkan self-efficacy siswa.

Kata kunci: Kompetensi belajar mandiri, Mengembangkan kompetensi belajar mandiri, Pengajaran berdasarkan
pengalaman, Pembelajaran berdasarkan pengalaman, Lingkungan digital

Abstract

Digital Technologies including Big Data, Artificial Intelligence (Al), and Data Mining have created a revolution in
education: switching from traditional teaching method to self-teaching method, which can maximize the self-study
competence of learners to meet changes in digital technologies. The research aims to develop methods of for organizing
experiential teaching in order to maximize the self-learning abilities of students in the digital environment and meet the
development of advanced science and technology. This research used mixed which qualitative and quantitative methods to
analysis and assessment. This research focuses on high-level experiential learning which an experience is: group discussion,
experimentation & practice for certain subjects, namely the embedded system. The result of this research has presented the
scientific basis for developing self-study competence through experiential activities in the digital environment and proposed
two strategies to organize experiential activities in the digital environment to develop students' self-efficacy.

Keywords: Self-study competence, Developing self-study competence, Experiential teaching, Experiential learning, Digital
environment.
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1. INTRODUCTION

Self-study competence is a learning method where students direct their own studying
outside the classroom and without direct supervision (Roll, 2021; Valverde-Berrocoso et al.,
2021). Since students are able to take control of what (and how) they are learning, self-study
can be a very valuable way for many students to learn. Self-study and traditional classroom
learning can be used together to help your child get the most out of his or her learning
experience (Jones & Lee, 2021; Onder et al., 2020). Together, these methods help students
learn and retain information better, helping boost comprehension, grades, and motivation.
Using self-study, students are able to go beyond simply learning what their class textbooks
and instructors teach them (Evans & Cleghorn, 2022; Schneider & Bodensohn, 2017;
Yurdakul, 2017). By practicing self-study, they are encouraged to further explore topics they
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are interested in, developing stronger study skills as a result (Gelen Assoc, 2018; Labouta et
al., 2018; Valverde-Berrocoso et al., 2021). One of the major advantages of self-study is that
students can take control over their own learning. And when students have control, they
become even more interested in learning (Liang, 2012; Sujarwo et al., 2020). Digital
experiential learning is a concept that places individuals in an interactive learning
environment, either physically or virtually (Chen & Hsu, 2020; Hite et al., 2019; Meyer et al.,
2019). The goal is to replicate and engage in real-world scenarios to teach particular skills or
techniques. Traditional methods of learning, such as classroom instruction and videos, are
slowly being phased out in favor of a more hands-on approach like digital experiential
learning (Chandrasekera & Yoon, 2018; Chick et al., 2020; Paepe et al., 2018). When
supported by VR, these methods allow us to learn skills through 3D simulations that closely
reflect real-world scenarios. This type of interactive learning plays a huge role in boosting
memory recall, and is one of the best ways to learn and practice hands-on skills, like those of
the skilled trades (llona et al., 2011; Ryoo & Bedell, 2017; Vagg et al., 2020).

Over the past two decades, information and communication technology (ICT) has
developed rapidly, they have strongly influenced the change of education in general and
teaching competency in particular (Avando Bastari et al., 2021; Thanh et al., 2021). Previous
research reported that the use of an online environment combined “face to face” classes had
an impact on the development of thinking for students (Sunday & Vera, 2018; Tran et al.,
2020). The develop students' creative competency will help students participate and self-
assess learning outcomes. The develop of technology and the role of it in flipped classroom
model to promoting and the growth of online learning environments should be enhanced
(Chai & Kong, 2017; Thanh et al., 2021). It is supported by other previous research that
found a positive impact on students' activities and learning outcomes at many levels and
subjects (Amoako Atta & Brantuo, 2021; Griffin et al., 2012). Besides the goal of introducing
a style-based blended teaching-learning model to develop learning competencies in general,
and at the same time develop a specific competency for the ability to integrate tools to
support learning activities (Asuman et al., 2018; Liang, 2012; Prestiadi et al., 2020). In which
ICT is the core tool, direction is completely consistent with the online teaching method in
education and training in educational institutions, and adapting to the current Covid-19
pandemic (Hung et al., 2021; Mardiana, 2020; Peterson et al., 2020). There are a lot of
research projects on developing self-study competence through experiential activities in real
environment. However, in the digital environment, experience activities imply their own
characteristics and are different from the real environment. This study focuses on develop the
scientific basis of experiential learning in the digital environment. We propose solutions to
develop students' self-study competence through experiential activities in the digital
environment (Tran et al., 2020; Xia et al., 2021).

2. METHODS

This research used mixed which qualitative and quantitative methods to analysis and
assessment (Almeida, 2020; Creswell, 2008). Due to the limited scope of the article, the
content of this section only focuses on higher-level experiential learning which are
experiences: group discussion, experiment & practice, and immediately passing the
knowledge that is already gained to others for a specific subject: Embedded systems. This
study provides students with characteristics, structure of FPGA, and role of FPGA in
embedded applications. After self-studying the content of the lesson, students will be able to
recognize the structure of FPGA, analyze the role of FPGA and apply FPGA in the design of
embedded systems. After introducing the characteristics and structure of FPGA, the role of
FPGA in embedded applications for students through textbooks and videos in online
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classrooms (digital part of B-Learning), the lecturer directly presented the exercise at online
classes (real part of B-Learning) according to the teaching schedule of the Embedded System
Design module. The form of teaching under B-Learning is now digital B-Learning.

3. RESULTS AND DISCUSSION

Results

Via research on self-study, self-learning competency, physical environment, digital
environment, and experiential education, it is possible to point out physical environment and
Digital environment. The physical environment composes of the tangible physical entities
and objects that the human can see, observe and perceive, it includes: the social environment,
the natural environment and the artificial environment. All entities that previously "lived"
together but cannot be linked each other. In a connectionless entity environment, teaching
and learning at school is completely independent and not connected to the surrounding entity.
Physical and digital environment is show in Figure 1.

Figure 1. Physical and Digital Environment

Base on Figure 1 the digital environment is the physical environment with additional
digital space - Cyber. In addition, digital technology organically integrates with social
organizations (businesses, agencies, residential communities, etc..., physical resources and
assets (houses, vehicles, roads, etc.) and the natural eco-environment make up the ubiquitous
digital environment. In the digital environment, entities are gradually digitized and create
data that can be interconnected to formulate a digital space. When every entity is digitized,
the data will become big data, making the digital space more abundant and diverse with
increasing connectivity. Self-study competence: Self-study competence is the ability to
identify learning tasks voluntarily and proactively; to set learning goals by themselves and try
the best to achieve them; it is also the ability to gain effective learning methods and adjust
their own errors and limitations when performing learning tasks through self-assessment or
suggestions from teachers and friends; moreover, it is the ability to actively seek supports
when having difficulties in learning. Digital self-study competence: More advance than self-
study competence, "digital self-learning competence” includes the ability to exploit digital
technology to self-study in the digital environment to personalize learners in order to
transform data to knowledge and perception. Studying in the same class, in the same learning
environment, and in the same digital environment, the better "digital self-learning ability" a
student has, the better he gains knowledge. Traditional Blended learning is a form of teaching
organization that combines traditional face-to-face teaching and online teaching to optimize
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the advantage of each form, to ensure the optimal effectiveness for the achieved education.
B-Learning model between real part and digital part is show in Figure 2.
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Figure 2. B-Learning Model Between Real Part (Left) and Digital Part (Right)

Base on Figure 2 show the number part (on the right) of B-Learning is for students to
self-study video clips of online lecture. They will take note if they do not understand. The
real part (on the left) of B-Learning is held by the lecturer in a workshop, exchanging “face to
face” with students. Students ask questions when they cannot understand in studying online.
With this model, lecturer will answer or students present the topic while the lecturer and
other students listen and discuss. Digital B-Learning: Digital B-Learning is a high-level
development of traditional B-learning, where face-to-face teaching is implemented in a
digital environment thanks to digital technology. In the digital environment, Digital B-
Learning, combining self-study with "face to face™ becomes simple. Because it has been
digitized and connected, the real-left part of Figure 2, lecturers and students can interact,
exchange and communicate on the web like a real environment. Experiential education: This
is a category including many methods in which learners will be encouraged to reflect and
summarize these experiences to enhance understanding and develop skills. Experiential
learning is a trend in teaching practice. Many studies have proven that the knowledge
presented by reading, seeing, listening, speaking... is the least effective experience and the
most difficult to remember. In entity environment without communication, teaching and
learning at school is completely independent, which is not connected to the surrounding
entity. The theory of experiential learning was initiated by David Kolb a century ago, when
the concept of a digital environment was not yet born.

Scientific basis for developing self-study competence through experiential activities in the
digital environment

The group discussion method is used to help all students actively participate in the
learning process, creating opportunities for students to share knowledge, experiences, and
ideas to solve problems which are relevant to the lesson content; it creates opportunities for
students to exchange and learn from each other to solve common tasks. If group teaching is
well organized, it will promote positivity and responsibility; develop students' ability to work
collaboratively and to communicate. However, the conditions for group discussion are quite
complicated. Firstly, there must be a place to gather members to attend and the members
must be in the same class and with the same schedule. For a big group of a class with over
150 students, when 1 student presents and discusses, only the lecturer and a few students can
listen, and more than 100 other students make noise or play with the phone. If this type of
class is divided into 10 groups, then 10 separate rooms and 10 teaching assistants are needed.
However, it is extremely difficult to have 10 private classrooms and 10 teaching assistants to
support related to paying for teaching hours and to renting classrooms.
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Some strategies to organize experiential activities in the digital environment to develop
students" self-study competence

Transferring knowledge from the lecturers’ guide to students’ self-study and doing
their own exercises. It is a mean of providing new knowledge for students because the
knowledge that students gain is through the experiential activity of solving "learning by
doing" exercises.Not all lessons and new knowledge of the subject can be turned into
problems for students to solve. Students after watching a video will study on by themselves,
read a lecture syllabus, then state the structure of the FPGA including programmable logic
blocks and gates. I/O interface, two types of programming block structure in FPGA; Good
and excellent students will be able to distinguish the similarities and differences between the
two types of programmable block structures MUX and LUT. In Exercise 2, the lecturer may
ask a question: what is the role of FPGA in the embedded system of measuring room
temperature with a thermal sensor with 12C interface? Fair students only understand that the
embedded system measures room temperature with a thermal sensor with 12C interface
requires an FPGA, but good and excellent students can make comments: If a regular MCU
without 12C interface is used, it will be very difficult (they have to program to interrupt, catch
edge, level of pulse). Also, if only FPGA in this application is used, it does not work because
certain difficulties in arithmetic calculations may appear. At this time, lecturer gives a
question concerning to the role of the FPGA in the system: For example, the temperature in
degrees Fahrenheit is measured by the sensor, while degrees Celsius is required displayed.
However it is FPGA does not support to perform math operations such as addition,
subtraction, multiplication and division to convert degrees F with degrees C. In this case, the
co-design method can be proposed. The FPGA is in charge of communicating with the 12C
sensor and returns the raw data to the MCU to perform arithmetic calculations. At the time of
this class, this is a situation that is not included in the syllabus and does not have a sample
exercise. Because there is no sample exercise to follow, in order to analyze the role of FPGA
in the embedded system, students has to brainstorm to bring the above problem to a new
problem in which there are connections. Students will define and determine the role of FPGA
in the system: Co-design Co-design combines the hardware capabilities of the FPGA with the
advantage of software processing of the microcontroller to create a powerful embedded
system.

Experiential activities through practical activities to form new knowledge

Through practical activities to create new knowledge for students, skills in drawing
circuits, writing programs to perform system control functions. Instead of teaching practical
content in the textbook, lecturers assign practical activities with corresponding content for
students to practice remotely (real part on digital environment). The results of students'
practice are new knowledge (KTM) in the curriculum.

The steps are conducted, first the lecturer assigns practical activities in the online class

For an embedded system using the PIC16F877A described as follows:

+ 4 Port B pins (PB4-PB7) each pin connects to an active low-level pushbutton

+ 4 Port D pins (PD4-PD7) each connected to a single LED

+ When the button is pressed, the corresponding LED will light up

Draw a detailed circuit diagram for the above system using Proteus software?

Write a C program to perform the above system control function and simulate the
system?

Then Students self-study the content in the textbook related to the requirements for
practical homework. Students watch the instructional video in the online class to determine
the goals to be performed in the online practice lesson, think about writing a control program
according to the requirements of the exercise. In practice time, students enter the online
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classroom to access the computer in the remote practice room with the online guidance of the
lecturer and the support of Teamviewer or Ultraviewer software to draw circuits, write
programs, and compile program and conduct simulation, check the program and circuit if
errors appear, and re-simulate. Draw circuit is show in Figure 3.

RS
100

Figure 3. Draw Circuit

The next step students report the results of the practical activites, the lecturer checks
and accepts the actual results of each student. In case students have computer which installs
circuit drawing and simulation software, they can present the content of the exercise at home
and report the practice results through the online class to the lecturer. Thus, through practical
experience activities, students may create circuit drawing skills, programming thinking
according to problem requirements. Fair student can draw different system design circuits
and prepare simulation programs guided by the teacher in advance. Good and exellent
students will be able to think and write a program depending on the requirements of each
problem.

Discussion

The teaching method in the digital environment is: everyone learns from each other,
the first learners teach the latter, the first to understand teaches the latter. So everyone
becomes a teacher (Leite et al., 2020; Xia et al., 2021). The most effective experiential
learning is that after understanding the lesson, the learners reteach it to others, which can
reach a 90% memory level. Therefore, when all entities are connected, the world is in the
palm of your hand, the person who gains first will reteach the next person, not only by
imparting knowledge, but more importantly, through teaching to understand deeply,
remember better the contents you have studied, turn the knowledge you are learning into your
own knowledge. Creating a class on digital space is simple, not as complicated as a
traditional classroom on a traditional university campus. Digital tools to create virtual
classrooms such as: MSTeam, Zalo, Facebook, Zoom (Kumalawati et al., 2021; Mu’awanah
et al., 2021; Rahmah et al., 2019). All members can connect in the classroom. One advantage
of the virtual classroom is that it can connect people from all over the country, who are
interested in a topic of discussion. Students enter the class do not need to move physically,
but just by clicking on the link sent by the class host. A digital environment requires
corresponding telecommunications infrastructure. That means, instead of building expensive
lecture halls, expanding the school area, etc., we will invest in building telecommunications
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infrastructure, BTS telecommunications stations, connecting 5G and 6G telecommunications
networks. Once the telecommunications infrastructure is available, the connection among
entities in the University will be digitized through the digital environment which forms the
digital assets of the University (Abdulbasit & Seyoum, 2021; Sholihah, 2019). If the
university has a library containing tens of thousands of books without digitization, there will
be no "digital assets" for students to carry out experience activities in the digital environment.
Therefore, in order to have a true digital environment, it is necessary to digitize documents to
form a digital library and build smart laboratories. So students can connect and do online
practice experiments remotely. It is in line with previous study that state there cannot be a
digital environment when managers and lecturers do not have the right mindset about the
digital environment (Davis et al., 2018).

Therefore, there must be synchronous solutions to “upgrade”, update the
qualifications, thinking and skills of using digital technology for managers as well as
lecturers. Training to develop digital competence for lecturers to digitize lectures and
learning materials. From that, a digital learning center will be formed, which puts digital
learning materials into the cyberspace to train, research and share knowledge. It is also
supported by other previous study that state once the data has been digitized, the next step is
to connect to big data (Sutarni et al., 2021). Finally, the corresponding equipment and smart
software must be done. Along with digital libraries, digital learning materials are documents,
information data, documents that are digitized and archived in service of teaching and
learning. The implication of this study hopefully will help students maximize their self-study
competence not only in the Embedded System Design module but also in other subjects.
Applying this method in teaching can form new knowledge to develop self-study competence
for students. Depending on the teaching purpose, lecturer can choose the appropriate topics.
The limitation of this research is limited to experiential activities through exercises that
involve the real part of the organizational form. B-Learning is carried out through a digital
environment with the support of LMS — learning management system and digital application
software. So it is very possible to get different results in the application of independent
learning competencies in other areas of knowledge.

4. CONCLUSION

The research has presented the scientific basis for developing self-study competence
through experiential activities in the digital environment and proposed two strategies to
organize experiential activities in the digital environment to develop students’ self-efficacy.
They are: experiential activities through doing exercises to form new knowledge;
Experiential activities through practical activities to form new knowledge. In these strategies,
the real part of the form of organization of B-Learning is performed through the digital
environment with the support of the LMS — learning management system and digital
application software. Learners acquire new knowledge hemselves in the subject curricula,
thereby contributing to innovating teaching methods in the direction of approaching advanced
technologies, meeting the needs of digital transformation in teaching and learning of the
industry Education today.
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