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Creative Thinking Skills This study aims to enhance creative thinking skills through
(CTS); Project-Based Learning Project-Based Learning (PjBL) assisted Game Open
(PjBL); Game Open Online Online Physics Instructional (GOOPI). GOOPI is an

Physics Instructional (GOOPI) online game-based physics learning media and contains

physics concepts found on the page: https://goopi.id/ (use
UC browser). The research method used is a quasi-
experimental design with two experimental groups and one
control group. The sample of this study was 75 eighth
grade students from a province in Indonesia. GOOPI
technology as software developed to support PjBL
activities in the classroom. The results of the research
show that project-based learning assisted GOOPI can
enhance creative thinking skills. Based on statistical
calculations there is an increase in the gain value, an
increase of 0.72 in the high category for the PjBI
experimental group 1 with GOOPI, the PjBI experimental
group 2 alone experienced an increase in the gain value of
0.55 in the medium category, and the group with the
teacher based instructional method experienced an
increase in the gain value of 0, 45 medium categories. It is
suggested that GOOPI technology can be an interesting
and effective tool to activate students’ positive interest in
the PJBL process. In addition, the implications of applying
GOOPI for physics learning and recommendations for
further study are discussed in this study.

INTRODUCTION

Natural Sciences is a subject related to how to find out about nature systematically [1], so that science
is not only the mastery of a collection of knowledge in the form of facts, concepts, or principles but
also a process of discovery [2]. Science, which is a basic science developed based on the results of
scientific discoveries related to natural events that occur in everyday life [3]. In accordance with its
nature, the orientation of science learning is more towards inculcating knowledge about basic concepts
[4], developing scientific skills, and developing thinking skills [5], as scientists formulate laws and
principles [6]. Science is a collection of knowledge and processes, it of knowledge and ways to obtain
and use that knowledge [7]. Science is a product and process that cannot be separated [8]. Real
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Science is both product and process, inseparably Joint which is used to strengthen the planting of
science concepts [9].

Science as a process refers to the steps taken by scientists to conduct investigations to find
explanations about natural phenomena [10]. These steps include formulating problems, formulating
hypotheses, designing experiments, collecting, and analysing and finally concluding [11]. From this it
appears that the fundamental characteristic of science is quantification, meaning that natural
phenomena can be in the form of quantities [12]. Groups of science subjects, including physics, are
held in schools to introduce science, both processes and products to students. Physics education is
expected to be a vehicle for students to learn about themselves and the environment, as well as
prospects for further development of its application in everyday life [13] [14].

The objectives of learning physics are so that students have the ability to: 1) Develop an understanding
of various natural phenomena, concepts, and principles of science that are useful and can be applied in
everyday life [15]; 2) Develop curiosity, positive attitude, and awareness of the interplay between
science, environment, technology, and society [16]; 3) Improving knowledge, concepts, and thinking
skills as the basis for continuing education to the next level [17]; 4) Conduct scientific inquiry to foster
the ability to think, behave, and act scientifically and communicate [18]. For physics subjects in
schools to meet the demands in achieving the goals described above, it is undeniable that physics
learning must be constructed in such a way that the education and training process for these various
competencies can occur in the process [19].

This kind of learning process also occurred in one city in Jakarta, which was observed by researchers
when conducting direct observations of the learning process carried out by a physics teacher at the
school, indicating that the physics learning process was dominated by the online lecture method.
Learning with this method is teacher-cantered and emphasizes the process of transferring knowledge
from teachers to students so that it does not facilitate students to be active in developing thinking skills
through the process of inquiry to find concepts [20]. Learning with the lecture method does not meet
the demands of the current science subject objectives. The demands of science education, in this case
physics, are not only to increase knowledge and concepts, but also to improve students' thinking skills.
Learning with traditional methods has an impact on the low motivation and learning outcomes
obtained by students. In connection with these problems, it is necessary to improve the learning
process so that students are actively involved in the process of scientific investigation directly to
increase motivation and learning outcomes. Physics learning that only displays science products in the
form of complicated physics formulas will make students tend to be afraid and dislike physics [21].

Physics has underpinned the development of various technological products that facilitate human life
[22]. However, this is rarely communicated to students. It is rare for classroom learning to link the
concepts being studied with technological products that have been developed based on the concepts
studied. Most of them are not aware that the technology products they use are basically physics
concepts that they are learning [23]. In learning also rarely invites students to learn to apply the
physics concepts learned in making a work. Whereas when students know that the physics concepts,
they learn are very useful and have a big role in developing various technological products, then of
course students' motivation to study physics will grow.

One learning model that presents challenges in the form of project assignments at the beginning of
learning is a project-based learning model. For example, the project of making a simple water flask,
the project of making a simple fan, the project of designing the electrical installation of a building as
desired, and so on. The project-based learning model presents five stages of learning, The first stage is
the presentation of project assignments, at this stage the teacher proposes project assignments as a
basis for challenges or motivation to students [24]. The second stage is organizing students to learn,
students in one class are divided into several small groups. Furthermore, the third stage is planting an
understanding of the concept, the process can be through experimental activities. The fourth stage is
the creation and presentation of project tasks. As the name implies, at this stage students work on
project assignments and present the results in front of the class for evaluation. The fifth stage is
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reinforcement and follow-up learning. At this stage the teacher reflects on the implementation of
project-based learning, students work on practice questions and the teacher gives structured tasks in
the form of enrichment and strengthening of conceptual understanding through reading literature from
the internet about the application of the concepts of Heat in everyday life [25].

Moreover, if this project-based learning is assisted with online game media in the form of GOOPI, it
will make students more challenged and interesting for students [26]. During a pandemic like this, it is
necessary to innovate learning media that can train and embed physics concepts in a fun way. The
advantages of GOOPI include, being accessible online from anywhere, easy to operate and use in
physics learning, facilitating students to learn while playing through online games, challenging
students to learn because there are missions 1 mission 2 and mission 3 that must be completed to
become winners [27].

However, the implementation of physics learning that occurs in the field is still very far from what the
curriculum expects. The results of the preliminary study conducted by the researcher showed that first,
the physics learning carried out in the schools studied were generally still traditional in nature, where
learning tended to be teacher-cantered with the process tending to transfer knowledge; second, the
average achievement of students' physics learning outcomes in the evaluated aspects is low, even at
the cognitive level. This situation has made students seem bored and bored with learning physics and
in the end their interest and motivation to learn physics tends to decrease; third, the learning process
carried out in the classroom is more often dominated by the teacher and does not facilitate students to
be active in the process of finding concepts [28].

The use of project-based learning models in physics learning has been carried out by several
researchers. Project-based learning can be the development of thinking skills and understanding the
other science. Project-Based Learning Assisted by Online Games helps students in developing
thinking skills and increasing understanding of concepts. Based on the background that has been stated
above, the formulation of the problem in this research is Enhancing Creative Thinking Skills Through
Project-Based Learning Assisted Game Open Online Physics Instructional.

METHOD

Participant

Participants A total of 75 students (aged 16 to 17 years, M = 14.02, SD = 0.52) from three classes of
tenth graders at a high school in a province located in one of the provinces in Jakarta, Indonesia. Of
the students, 30 were male and 45 were female. Prior to the experiment, the three classes were
randomly divided into two experimental groups and one control group, which consisted of 25 students
in the Experimental Group 1, 25 students in the Experimental Group 2 and 25 students in the Control
Group. These groups did not differ in terms of the average value of learning achievement scores for
physics courses in the semester of the 2019-2020 school year, based on the results of the one-way
ANOVA test F (72) = 2.82; p> .05. sample selection is done by purposive sampling, namely the
technigue of determining the sample with certain considerations. The consideration for choosing the
class as the research sample was because it was based on information from the physics teacher at the
school that the activity, learning response, enthusiasm, and participation of class X students in learning
physics were quite good, so the research process was expected to run smoothly without many technical
obstacles such as poor students. Seriously, students are less enthusiastic and tend to be playful.

Procedure

This study uses a quasi-experimental procedure that includes the design of the experimental and
control groups before and after the pre-test and post-test. The experiment lasts for 8 weeks in the even
semester of the 2019-2020 academic year, learning is carried out for 2-3 hours per week. For more
details, the research method carried out is shown in Figure 1.
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Fig 1. Procedure Experiment

Based on Figure 1, information is obtained that in this study using 3 groups, the first group was
experimental group 1 with project-based learning (PjBL) assisted by GOOPI. Experimental group 2
with project-based learning (PjBl) and control group using teacher based instructional. Learning that is
applied to the concept of heat transfer in physics subjects.

Instruments

Creative Thinking Skills Test includes questioning skills, skills in guessing the causes of an event,
skills in guessing the consequences of an event, and skills in improving output related to heat material.
Creative thinking skills tests are constructed in the form of a written test type of description test.
Creative thinking skills test is given. twice, namely at the beginning (pre-test) and at the end (post-test)
before treatment and after treatment. This test aims to measure creative thinking skills before and after
the treatment is given. The initial test is used to see the initial conditions of the research subjects
related to creative thinking skills. The results of this test will calculate the normalized gain <g> used to
see what improvements in creative thinking skills can be developed through the application of project-
based physics learning.

Normalized Gain <g>

In general, data processing is carried out using the help of a statistical hierarchical approach. Primary
data on student test results before and after treatment were analyzed by comparing the scores of the
initial and final tests. The increase that occurs before and after learning is calculated by the gain factor
formula (g) developed by Hake with the normalized gain score average formula <g>. The increase in
cognitive learning outcomes and creative thinking skills of the concept of Heat by students developed
through learning is calculated based on the average gain score normalized <g> [29] [30].

cg>= <Spost >~ <Spe >
<Smaks>—<Spre> )
Information:
<Spest > = average final test score
<Spe> = mean initial test score
<Smax> = mMmaximum average score

After obtaining a score of <g>, then the categorization is carried out through the normalized Gain
Criteria as shown in Table 1.
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Table 1. Normalized Gain Criteria

<g> Criteria
g>0,7 High

0,3<9g<0,7 Middle
g<0,3 Low

Normalized Gain Criteria test results to measure students' creative thinking skills improvement. These
results will have an impact on the implementation of GOOPI for physics learning in order to build a
comprehensive physics concept on the concept of heat transfer. In addition, this increases of <g>
provides an illustration of how much the creative thinking skills increase in each student.

RESULTS AND DISCUSSIONS

Game Open Online Physics Instructional

The GOOPI is a physics learning media on the concept of heat transfer that can be accessed for free
and anywhere. Media used in this study is the result of its development by researchers for nearly 3
years begin 2019 in the multimedia laboratory of the Universitas Negeri Jakarta, Indonesia.
Researchers from Physics Education Research (PER) conducted a series of studies to explore the
working principles of GOOPI (Open Online Physics Instructional Game) as a physics learning
environment, and it is available for free on the following page: https://goopi.id/ (UC Browser) [8] [9].
The features of GOOPI are shown in Figure 2.

Fig 2. GOOPI https://goopi.id/ (UC Browser)

Figure 2 shows the start page of GOOPI, this page can be accessed on the https://goopi.id/ with use
UC Browser. To sing in, you let go submit a user and password, the user "physics" and the password is
"123". When registering the user and password, click login to register. There is as well a volume
button going on this site if you want to silent the sound. Doubt the students can answer, the Finish
button seems, and they let go advance to the Mission of 3 menu displayed in Figure 3.

0

Fig 3. GOOPI Display on Mission 1 Conduction
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Mission 3 this GOOPI menu is conduction, convection dan the last menu radiation. Based on figure 3
according to menu 1, menu 2 and menu 3 for more details, information is obtained that mission 1 is an
online physics game involving heat transfer activities in the conduction between aluminum and copper
metals when heated by Bunsen. Click the start button to complete this task and the game process will
be displayed by GOOPI showing microscopic transmission. Figure 4 is mission 2 which contains an
online game that contains the concept of convection as shown in the picture.

Fig 4. GOOPI Display on Mission 2 Convection

Figure 4 provides information about the convection process; this process is a transfer of heat through a
flow in which the intermediate substance also moves. If the particles move and cause heat to
propagate, convection occurs, convection occurs in liquids and gases (air / wind) as shown in the
figure. Figure 5 is mission 3 which contains an online game that contains the concept of radiation as
shown in the picture.

Fig 5. GOOPI Display on Mission 3 Radiation

Based on Figure 5. Information obtained that the GOOPI process of radiation, The transfer of heat
without an intermediate is radiation, radiation is the transfer of heat without an intermediary. The
black and white light bulb can be displayed by GOOPI by showing the microscopic movement of
particles during the radiation process. The advantage of GOOPI is that it can visualize microscopic
physical material or phenomenon. The characteristics of physics learning for concept formation are
physics learning where there is a process of creating a physics concept from the initial state of not
understanding the concept to understanding the concept. Therefore, real steps in the process are
needed that can structure knowledge and correct (reconstruct) concepts if it is not suitable for the
scientific context [11].

Creative Thinking Skills (CTS)

Students' creative thinking skills were assessed from the answers to the students' pre-test and post-test
after participating in project-based physics learning. Students' thinking skills for each activity can be
seen from the results of the test scores obtained by students on each item given in the initial and final
tests that test for each activity of creative thinking skills. The number of questions used consists of 10
items, all of which are in the form of descriptions, which test the four activities included in creative
thinking skills. Specifically, the indicators of creative thinking skills assessed in this study focused on
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four creative thinking skills activities. The four activities are: (1) questioning activity, (2) guessing the
causes of an event, (3) guessing the consequences of an event, and (4) activity of improving the
output. Creative Thinking Skills Test includes questioning skills, skills in guessing the causes of an
event, skills in guessing the consequences of an event, and skills in improving output related to heat
material. Creative thinking skills tests are constructed in the form of a written test type of description
test. The results of the assessment of creative thinking skills in the form of the average score of
students.

Average Score of Creative Thinking Skills (CTS)

Expenment Group 1 (PjBL + Expenment Group 2 (PjBL) Control Group (Teacher Based
GOOPI) Intructional)

Fig 6. Pre-test Average, Post-test Average, and Normalized Average Gain Score <g> CTS

Based on Figure 6 information obtained that the average score of the initial test, the average score of
the final test and the average score of the normalized gain score <g>. Based on statistical calculations
there is an increase in the gain value, an increase of 0.72 in the high category for the PjBI experimental
group 1 with GOOPI, the PjBI experimental group 2 alone experienced an increase in the gain value of
0.55 in the medium category, and the group with the teacher based instructional method experienced
an increase in the gain value of 0, 45 medium categories.

The increase in each activity of creative thinking skills can be seen from the results of the test scores
obtained by students on each item given in the initial test and final test that tests for each activity of
creative thinking skills. The number of questions used consists of 10 questions, all of which are in the
form of descriptions. The average score of the initial test, and the average final test of students'
creative thinking skills on the concept of heat transfer. The lowest average score for creative thinking
skills in the experimental group 1 when the students' initial test occurred in the questioning activity
was 0.20 from the ideal score 6. The average score for the creative thinking skill initial test in the
activity to improve the output was 1.12 from ideal score 3. The average score of the initial test of
creative thinking skills in guessing activities due to an event is 2.41 from the ideal score 6. The highest
average score for creative thinking skills occurs in guessing activities because of an event of 5.59 from
the ideal score 15. The lowest average score of creative thinking skills in the experimental group 1 at
the time of the final test occurred in the activity of improving the output of 1.97 from the ideal score 3.
The average score of the final test of creative thinking skills on the questioning activity was 4.09 ideal
6. The average score of the final test of creative thinking skills in guessing activities due to an event is
4.15 from the ideal score of 6. The highest average score for the final test occurred in the guessing
activity for an event of 9.50 out of an ideal score of 15.
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CONCLUSION AND SUGGESTION

Enhancing Creative Thinking Skills through Project-Based Learning Assisted GOOPI in the high
category 1 experimental group was influenced by students working on project assignments according
to the project assignment guide. Students are accustomed to doing projects and planting the concept of
concept transfer through a GOOPI Online Game. So that students tend to be interested and ask the
teacher a lot to strengthen the concepts being taught. The application of the project-based physics
learning model assisted by GOOPI can improve students' creative thinking skills (CTS) the concept of
heat transfer. This is indicated by the normalized average gain score in the experimental group 1
which is included in the high category. In general, there is an increase in the average gain score
normalized <g> for each creative thinking skill activity. It is suggested that GOOPI technology can be
an interesting and effective tool to activate students' positive interest in the PJBL process. In addition,
the implications of applying GOOPI for physics learning and recommendations for further study are
discussed in this study.
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