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Abstract. This research aimed to find the connection between the trends in the Freedom of
Learning Program and computational thinking (CT) practices to see if the Freedom of Learning
Program could be used for developing students' CT Skill. The other goals of this research are to
analyze how these trends and CT practices apply in a mathematics learning activity. The methods
used in this research are the combination of the library and field research. This research also
using a qualitative approach, and the results produced are descriptive data. Library research used
to find the CT practices that could be applied in the nine trends in Freedom of Learning. Field
research is used to analyze a student's mathematics learning activity to find CT practices and the
trends that appear in the learning activity. The results of this research are (1) the CT practices
could be applied in every trend with the students as the object of it, (2) in the learning activity
every CT Practices (abstraction, decomposition, debugging, and patterns) appear, (3) Some
trends of Freedom of Learning Program appear in the learning activity like the learning activity
could be done anytime and anywhere, personalized learning, free choice, and project-based
learning.

1. Introduction

We are entering the 4th Industrial Revolution (4" IR), where we are facing an era where the technologies
have a significant impact on our life. What kind of period is 4" IR? As an explanation, here it's the
illustration; The 1* IR, the primary mechanism of productions are water and steam. In the 2™ IR, electric
power start to gain more quantity of productiongNext, in the 3[R, the electronics material and
technology of information and communication are used to automate the production. Then, the 4" IR is
the enhancement of the 3" IR [1]. What kind of enhancement, then? 4" IR is a stage of development in
knowing where the lines between the physical and abstract spheres are being blurred [1][2]. We could
see science and innovation advance in every field, for example, artificial intelligence (Al), Internet of
Things (IoT), robotics, biotechnology, 3D printing technology, quantum computing, etc. [3]. 4" IR then
affect all of our aspect of life, and no exception for the educational world [4].

This era has its challenges as well as the opportunity for the education field, especially educational
institutions. To be advanced, educational institutions must have the ability to innovate and able to
collaborate. Educational institutions need to balancing the education system and the advancement of an
era [5]. Risdianto says in 4" IR, the education system is expected to have good critical thinking and
problem solving, creative and innovative, and so communication and collaborative skills [5]. Lea also
says that the necessary skills of workers needed for 4" IR are complex problem-solving skills, critical
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thinking, innovation, human resource management, collaboration ability, emotional intelligence,
judgment and decision making, service orientation, negotiation, and cognitive flexibility [6]. In this era,
the educational system needs new skills besides reading, writing, and arithmetic. The skills including
the skill to reading, analysis, and using the information in the digital world; technology literacy, such as
understanding the machine's procedures and applying the technology; and lastly, human literacy, such
as the strengthening of humanity, communication, and designing skills [5].

Education 4.0 then became a follow-up action to answer the 4" IR needed for human resources. In
education, 4.0ghumans and technology are collaborating to find new possibilities [4]. Nine trends could
be related to Education 4.0 which are learning can take place anytime and anywhere, personalized
learning, students have the free choice in determining how they want to learn, project-based learning,
hands—o@aming, data interpretation, every student's assessment are different, considering the student's
opinion 1n designing and updating the curriculum, and students become more independent in their
learning [7]. In this sense, then Freedom of Learning Program is a form of Education 4.0. It can be seen
in the learning activity of the Freedom of Learning Program, either it did inside or outside the campus
environment, such as intemship, project in the villages, teaching in schools, student exchange, research,
entrepreneur activity, independent project, and humanity project [8].

In this era, Computational thinking (CT) also drawn quite good attention, along with the tendency to
bring the fundamental and good quality of computer science (CS) to the education field [9][10].CT isa
problem-solving process that integrating the technology in it to find an effective and efficient solution
to a problem using the concepts of computation [11]. CT has a close relation with CS [11][12], but in
further development, the definition of CT is ning through development. There are many opinions about
what is CT. One of them says that CT is §§e mental process for problems abstraction and the forming of
the automatable solution [13]. Other states that CT is the thinkinggfprocess to recognizing the
computation aspects in our surroundings and how we were applying the tools and techniques from CS
to understanding and reasoning about both natural and artificial systems and processes [14]. Based on
the definitions, we could conclude that activities based on CT are essentially used to improve cognitive
skills and also support the process of learming activity for the related individual [15].

Four essence practices could enhance CT skills, which are abstraction, decomposition, debugging,
and patterns [16]. Two of them have many connections in mathematics and science problems, which is
between decomposition and patterns [9]. Even ifin the educational field, teachers or lectures not familiar
with the term "debugging," but the point of finding and correcting mistakes emerge in these practices.
Lastly, teachers or lectures may not be familiar with the term "abstraction" too, but abstraction has been
acknowledged as a particularly crucial in CT practice [17][18][19].

Based on the theories above, this study will describe the connection between the trends of the
Freedom of learning program and CT practices. Besides, describing the Freedom of learning programs
can be used for developing students' CT skills. Then, to analyze how these trends and CT practices are
applied in a mathematics learning activity.

2. Methods

The methodology used in this research is a combination of the library and field research. Library
research is research using the literature review to find the results [15]. Library research with field
research using the qualitative approach and produce descriptive data which is from the sentences or
word that the subject has written or said [20][21]. A literature review was used to find what kind of CT
practices that could be applied in the nine trends of education 4.0 or the Freedom of Learning program.
The field research using students that attend the online class in calculus as a subject. There will be a
review of what trends of education 4.0 and the CT practices used in this students learning.

? Result and discussion

3.1. Computational thinking practices in freedom of learning program
The connection between the CT practices and the nine trends of Education 4.0 could be seen in table 1.
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Table 1. CT practices in the trends of 4.0 education.

4.0 Education Trends

CT Practices

The learning process took Abstraction

place anytime, anywhere. Decomposition
Debugging
Patterns

It is personalized to an Abstraction

individual of the students. Debugging

The students have free choice Debugging

in determining their learning Patterns

styles.

Project-based learning Abstraction
Decomposition
Debugging
Patterns

Hands-on learning Abstraction
Decomposition
Debugging
Patterns

Data interpretation Abstraction
Decomposition
Debugging
Patterns

Different assessment for each -

student

Considering students opinion -

in designing and updating the

curriculum

Independent learning Abstraction
Decomposition
Debugging
Patterns

As we can see, the CT practices can be done in every trend of education 4.0 except for the different
assessments for each student and considering students' opinions in designing and updating the
curriculum because the object of these two trends is not the students. In the free choice of learning
activity, the CT practices that could be done was a pattern, because to know what kind of learning
activity that they like, students usually going through some good or bad experience in some activity.
Students could ask what and why they got that learning experience, either it a bad or good one
(debugging), and so after that, students could predict what kind of activity that suits them the best
(patterns).

In personalized learning trends, the learning activity must be corresponding with the student
understanding of the previous and the new information (Abstraction). To continue their learning activity
to the next level, they must evaluate their knowledge of prior understanding (Debugging). The rest of
the trends could be used to enhance the CT skills with the four main practices because these trends had
direct access to the problem. For a complex problem, there will be used decomposition to parting the
problem into other small problems that easier to find the solutions [11].




g—. Seminar Nasional Matematika dan Pendidikan Matematika (SENATIK) 2020 IOP Publishing
Journal of Physics: Conference Series 1663 (2020) 012023 doi:10.1088/1742-6596/1663/1/012023

From this explanation, we know that for the 4.0 Education trends with the students as the object, the
practices to developing the CT skill could be applied. Then, using the Freedom of Leamning Program,
which is one of the 4.0 Education embodiments, could develop the CT skill.

3.2. Trends of education 4.0 and CT in student's learning activity
In the learning process, the subject is given the task to find the solution to the question:

Find, for what value of p so that Efﬂ% Convergence?

The result of this question is the series convergent for p > 1. In this context, the student learning about
the integral test to see the convergence of the series. Using this information and the previous result, the
student asked to see what happen to the series if p < 1. Because of the global pandemic, all of the
learning activities doing by online media, so one of the media used in this activity, is WhatsApp.

Furthermore, Figure 1 is the response of the student, where the student sends his work and asking
confirmation for the solution he got. He got the wrong answer because he just following the previous
problem —solving process (for p > 1). To build his understanding, the author then asked a question
about the part of the main problem. The student was confused, so the author asks him to use the example,
as shown in figure 1.

Figure 1. Leaming activity-1.

In the first confirmation, it looks like the student still does not understand the problem. There is a
question to make him understand, which is a small part of the big question. He was trying to make a
conclusion using the example and giving the right answer after that. The process of decomposition
appears when the author is asking the value of —p + 1 forp < 1. The process of abstraction also appears
when students give a conclusion about the value of —p 4+ 1 from the example given, which is also using
pattern recognition in it. The debugging process also appears when the author finds the wrong
understanding of students' papers. In figure 2, the student starts to understand and trying to find the
solution again, using the information he got.
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Figure 2. Learning activity-2.

Students are trying to do the abstraction process when he is trying to understanding the author's
explanation. Again in figure 2, there is a debugging process when the student sent his work for the
second time, but finally, he could find the pattern on the problem-solving process and give the right
conclusion. The understanding process could be seen in figure 3.

Tak hingga dkurangi pecahan hasiinya apakah berupa blangan atau bentuk tak
hingga? .

Tk hinggabuy .,

Karena hasinya tak hingga, maka kamu dapat uniuk p<1 hasinya divergen
aau (3"\‘9'\_]?1?

Divergen
i sdh npertiya?

haabuy .., .,

Figure 3. Learning activity-3.

Some trends of Freedom of learning also appear in this learning activity. First, using social media,
the learning activity could be done anytime and anywhere [22]. Second, personalized learning appears
in this activity; when students are not mastering some topics like the theory of numbering, integral
caleulus, limit, and some series theory, he could not find the solution. Third, using distance learning,
students free to choose the leamning activity they want. Fourth this learning activity could be a simple
project learning.

4. Conclusion

Freedom of Learning Program is one of the terms of Education 4.0, and because of that, the nine trends
in 4.0 Education also apply for the Freedom of Leamning Program. Practices for developing students'
computational thinking skills are applied in every trend with the students as an object in it. Freedom of
Learning Program later could be used to developing students' CT skills. In the learning activity that's
occurred, a student for observation on his problem-solving process, every primary practice appear in the
process, which is an abstraction, decomposition, debugging, and patterns. Some trends of Freedom of
Learning also appear in this learning activity, which is learning activity could be done anytime and
anywhere, personalized learning, free choice, and project-based learning.
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