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ABSTRACT

Physics essentially develops a curious attitude, and there is a
development towards a positive attitude in the face of the
industrial 4.0 revolution in the world of Education. The
positive dimension in Physics Instructional can be developed
through Online Game (OG) learning activities or online
courses, students can learn the principles and concepts of
science in accordance with the level of understanding to
develop higher-level thinking skills, one of which is
21st-century careers: creativity skill. However, in general
Physics learning is still more focused on aspects of physical
products, while aspects of scientific processes and attitudes
that should be trained through learning activities are often
ignored [23]. In addition, there is no online course
specifically transformed in the form of OG to train on the
concepts of physics concepts. If students are facilitated by
OG to study physics, then physics concepts that are
considered difficult will be easy to understand. The purpose
of the study was to produce an Open Online Physics
Instructional (GOOPI) Development for Improving
21st-Century Careers: Creativity Skills (21 CC: CS). The
research method used is the ADDIE Model which consists of
the stages of Analysis, Design, Develop, Implement, and
Evaluate. Subjects were 120 students aged 19-20 years. The
results showed an increase of 21 CC: CS students in the
moderate category After learning to use GOOPI, this
significant improvement showed the effectiveness of GOOPI
in facilitating student learning to improve creative thinking
skills. The conclusion of this study is the Open Online
Physics Instructional Game for Improving 21st-Century
Careers: Creativity Skills.

Key words: Open Online Physics Instructional Games
(GOORPI), Improving, 21st-Century Careers, Creativity Skills
(21-CC:CS).

1. INTRODUCTION

Education 4.0 is a phenomenon that responds to the needs of
the fourth industrial revolution, where humans and machines
are aligned to get solutions, solve problems, and of course
discovers new possibilities for innovation [2]. Basic education
to higher education, adjusting the education curriculum with
the challenges and needs of the current era. A curriculum that
opens access for millennials to gain knowledge and training to
become competitive and productive workers. Speaking of the
problem of the industrial revolution 4.0 and its relation to
education, of course the education world is the main and
central thing to follow the flow of the industrial revolution,
because it will print and produce quality generations.
Education in the era of the industrial revolution 4.0 took the
form of a change in the way of learning, thinking, and the way
students act in developing creative innovations in various
fields [1].

Higher education should adjust to building a mindset towards

students and the academic community in preparing students

to face internal and external challenges at 21st-Century

Careers [17]. The challenge is in the form of educational

demands which must still refer to the National Education

Standards [22]. Other challenges include global issues with

the birth of the AEC and the transformation of the education

sector towards the industrial revolution 4.0. This demand is

in line with the target of learning achievement in the

curriculum of higher education based on learning

achievement must include aspects of attitude and values,

knowledge, and skills according to descriptors to be able to

apply their fields of expertise and utilize science and

technology in their fields [7] [24].

Physics learning that explains natural phenomena is formed

when there is an interaction between matter (matter) with

energy [11]. For example, in everyday life there is an

observed phenomenon that is the increase in temperature of

the substance when heated [19]. If the concept of physics can

be understood through visual activities, it will be easy to

understand. The concept of physics can be easily understood
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if done with fun and practice critical thinking and problem
solving, communicating, collaborating, and being creative
and innovative, creative thinking skills [18]. These skills
focus on creativity, critical thinking, communication and
collaboration which are referred to as 21st-century skills
which are very important to prepare students for a more
complex life and work environment [20]. Teachers
themselves should be able to design, implement and evaluate
creative ideas, provide learning experiences that will attract
students and enhance learning, enrich professional
experiences as teachers of the 21st century [3].

Based on field studies obtained information that the lowest
average score of creative thinking skills at the time of the
final test occurred during the activity to improve the output of
1.97 from the ideal score 3. The average score of the final test
of creative thinking skills in the questioning activity was 4.09
from the ideal score of 6 The average final test score of
creative thinking skills in guessing activities due to an event,
is 4.15 from the ideal score 6. The highest average score of
the final test occurs on the guessing activity because of an
event in 9.50 from the ideal score 15. Obtained information
that the low creative thinking skills of students to physics
teaching materials and can be categorized as low.

The development of the various Game Online Instructional
(GOI) media or online games for learning so far has been
done for the sake of learning physics, including: enabling
students to apply their strategies and prior knowledge to solve
problems through Online Games [4] [6]. Digital games can
involve student activity, motivation and learning outcomes
[15] [8]. Educational games increase student interest in
continuous motivation, practicing certain behaviors that
might be critical strategies [5], [4] [13]. Game-based learning
is considered to have potential in a learning environment
based on several key aspects: giving students' challenges
allows students to combine prior knowledge from different
aspects to make meaningful decisions, and encourage
students to predict what will be the outcome of their decisions
and actions [8]. Learning only through the process of
listening alone (lectures) without doing anything else such as
taking notes, then contributing to the mastery of the material
is only 5%. If it is followed by reading, then it contributes to
the mastery of the material by 10% and when learning with
audio-visual assistance, it will contribute to the mastery of the
material by 30% [9]. The results of these studies indicate that
if students can see visually the material of physics, students
will be easier to understand and will avoid the construction of
the wrong conception.

Open Online Physics Instructional (GOOPI) Game media
that can make microscopic phenomena that cannot be seen
become phenomena that can be seen through the games. For
example, the temperature of a substance is microscopically
described by the rate of movement of the constituent
particles. The higher the temperature of an object, the faster
the motion of its feeding particles. Because the particle size
of the constituents of substances is very small and cannot be
observed in the sense of sight, their movements cannot be
observed or understood [21].
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The virtue of this superior research is that in developing
GOORPI it is believed that it will greatly assist in the
conception, construction process in learning physics,
especially to facilitate creative thinking skills. Therefore,
researchers are interested in developing GOOPI which
currently has not been developed by other researchers in the
hope that they can make a real contribution in improving the
quality of physics learning at various levels of secondary and
tertiary levels through the provision of one of the supporting
devices for learning physics in the form of Online Games.
The development of GOOPI research to train creative
thinking skills can contribute to science, namely (1) the
developed GOOPI media can build students' scientific
conceptions, so that when they become physics teachers the
concepts are correct so that no concept errors occur in the
students being taught. If students have the wrong concept,
then the student is wrong in understanding the concept of
physics will result in lower ability of science in Indonesian
society. (2) If the community in Indonesia is low, it will result
in a low ability to think science which will cause the
Community Development Index will also be low. (3) The real
contribution of GOOPI research development is the
increasing number of international publication articles
indexed by Scopus, because current research in the world of
education is developing rapidly, especially assisted in the
development of computer-based media and will ultimately
support national development.

However, Instructional Online Games that have been
developed have not demonstrated or practiced both
microscopic and microscopic concepts of physics to enhance
creative thinking skills. The purpose of the study was to
produce an Open Online Physics Instructional (GOOPI)
Development for Improving 21st-Century Careers: Creativity
Skills (21 CC: CS).

2. METHODOLOGIES

This type of research used in this study is a research and
development (R&D) oriented to product development. This
research design refers to several stages of the development
research model. This ADDIE model is an abbreviation for the
five stages of the development process, namely Analysis,
Design, Develop, Implement, and Evaluate. The ADDIE
model relies on each stage carried out in the order given, but
with a focus on reflection and iteration. This model gives you
an approach that focuses on providing feedback for
continuous improvement. The results of applying e-learning
information technology with ADDIE Model can, among
other things, enrich the instructor's pedagogy in learning
activities and can overcome the constraints of interaction in
teaching and learning activities. In the distribution of learning
materials can be done more effectively and the teaching and
learning process is also not constrained by the problem of
time and place while there is good internet network
connectivity, can interact using chatting facilities, can utilize
audio facilities when interacting in the learning process [14].
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Figure 1: ADDIE Model Design
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The initial step to find out the mastery of the concept at the
beginning of lectures, initial measurements. Furthermore, the
results of these initial measurements are analyzed which parts
of the concept still occur microscopically. Qualitative data
when it is measured can be collected through field notes and
documentation in the form of sound or video recordings
which are then transcribed to see the types of creative
thinking skills. The detailed information gathering was also
carried out by semi-open interviews after initial
measurements. The results of the analysis of creative thinking
skills in the initial measurements, then students of research
subjects treat in the form of learning with GOOPI which
focuses on the construction of scientific conceptions on
microscopic material to change and improve the creative
thinking skills experienced by students. After the treatment
the final measurement is given with a final test to see if there
are changes in creative thinking skills that can be effectively
reduced by GOOPI. To establish an analysis of his creative
thinking skills, a semi-open interview was also conducted
after the final measurements were made. To see changes, in
creative thinking skills used an instrument of creative
thinking skills in the form of description to see how much
creative thinking skills change. The final conclusions are
obtained from quantitative data analysis that is
complemented by qualitative and final data analysis

Table 1: 21st-Century Careers: Creativity Skills (21 CC: CS)
Indicators and Activity

CTS
Indicator
Ask questions

Activity

[1] Students are asked to develop as
many questions as possible about
the things that occur in the
pictures provided

Guess the [2] Students are asked to guess as

causes much as possible the sources of
the causes of the events shown in
the picture

Assess the [3] Students are asked to predict as

consequences many of the consequences that

of an event will occur, causing by the events

shown in the picture
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CTS Activity
Indicator

Improve the [4] Students are asked to express the

outputs best and extraordinary ways to
change the form given in a form
that is more tangible and easier to
understand

Exceptional [5] Students are asked to write down

use as many uses of an object as

possible

Forecasting [6] Students are asked to write down

other things that will also occur as

a result of an event.

3. RESULT AND DISCUSSION

3.1. GOOPI Development

The display will be seen after clicking the game tab on the
previous screen. On the main menu display, there are a button
"basic competence, goals, basic theory, simulation, and
logout. The "basic competency™ button functions to display
the basic competencies on the subject of substance Change.
"Purpose” button to display learning objectives. The "basic
theory" button to display substance Change is a change in
substances that occur thermodynamically from one form of
substance to another. Substitution of these substances can
occur due to the release or absorption of heat. There are
several criteria for each form of different substances, namely
Liquid, Solid, and Gas. The moos are on the page:
http://moocsvms.com/.

€« c @ © & # moocsvms.com
?P“Ps?cs Game Learnis %
>
®
SIGN IN
£=1
gm|maumuul:um::ngg ‘“mﬂﬂ; C :! St Em‘-m: > ;:3 ‘:x.‘,_-xx

Figure 2: Development of Display GOOPI

Based on figure 2. On the display, you can see that there is a
media title, physics game learning, a username column that is
filled in and a password column filled in. Some navigation
buttons that have different functions if clicked it will go to the
screen of each button. The navigation button about where if
clicked, will display physics game learning information, the
compiler's self-data and bibliography as above. The home
button if clicked, will return to the login menu.

The above display will appear when the user clicks on the
settings button. Settings containing a Fullscreen button that
can be clicked on the yellow check will change the display to


http://moocsvms.com/

full on the desktop if the checkmark disappears, the media
display will not be full. Clickable music button functions to
turn on and turn off existing music.

« (<R~ © & 8 moocsvms.com

PHYSICS GAME LEARNING

Figure 3: Display of Convection MOOS Microscopic

Based on Figure 3. The information after clicking on the
Indicator tab. The display on the screen contains an
explanation of the third core competency and basic
competency. There is an arrow button when clicked, will
return to the login menu and X button to exit the media. The
above display will be seen after clicking on the Indicators tab.
Display on the screen contains an explanation of the
indicators contained in media that have been developed that
explains the heat relationship with the temperature of objects
and their shapes, analyze the effect of heat on the temperature
and shape of objects. There is an arrow button when clicked,
will return to the login menu and X button to exit the media.

AP ; —

$ : CioHi6Os

Figure 4: Display of Radiation MOOS Microscopic

The screen display above shows camphor in the test tube with
a neat arrangement of particles. The user moves the fire
parameters before starting to run the simulation and click
start to begin the process of changing the form of camphor.
After the process is running, the longer the shape of
mothballs shrink and disappear, accompanied by the
movement of particles that get faster and release into the air.
When all the mothballs are gone the stove goes out, click the
repeat button to try again.
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Figure 5: Display of Radiation MOOS Microscopic

The above display shows the crystallization process through
a simulation of cooking eggs in a heated pan. The first step
the user set the parameters of the fire, then click start to run
the cooking process. When the cooking process takes place,
there is blackening under the pan which is caused by the stove
fire which removes carbon and sticks. When more and more
carbon is seen the movement of particles that begin to be
arranged and bound then the simulation is complete and the
stove goes out and the finish button appears.

The current trend in Instructional Online Games (GOI) or
game-based learning is that game-based learning attracts
attention because of its increased positive effectiveness in
promoting student engagement, motivation, and learning
outcomes [8]. Game based learning generally involves
students in different types of games to be played with
different learning goals that seek to develop their cognitive
abilities [12]. Game-based learning is considered to have the
potential to introduce an environment based on several key
aspects: giving students' challenges to overcome, enabling
students to combine previous knowledge from different
aspects to make meaningful decisions, and encourage
students to predict what will happen as a result of decisions
and action [4]. These aspects are consistent with important
elements of building a game learning environment [10].

3.2. MOOS for 21st-Century Careers:
(21-CC:CS)
21st-Century Careers needed for education and the workplace
today to support a disruption-era economy. To define and
arrange these skills consists of three types of skills: learning
skills (creativity and innovation; critical thinking and problem
solving; communication and collaboration), literacy skills
(information literacy; media literacy; ICT Literacy), and life
skills (flexibility and adaptability; self-initiative and direction;
social and cross-cultural skills; productivity and
accountability; leadership and responsibility). 21st Century
Skills are grouped into 10 skills in four categories: ways of
thinking (creativity and innovation; critical thinking, problem
solving, and decision making; learning and metacognition),
work methods (communication; collaboration), tools for work
(information literacy; ICT literacy), and life in the world

Creativity Skill



(citizenship; life and career skills; personal and social
responsibility) [16].

The creativity is very important, because creativity is a
capability that is very meaningful in the process of human
life. Human creativity gave birth to a great creator who
colored the history of human life with his spectacular works.
What was created was an original work that was
extraordinary and meaningful, so that people were impressed
and pursued his work. Creativity is not just luck, but it is hard
work that is realized. Failure for creative people is only a
confounding variable for success. He will try again, and try
again until successful. Creative people use the knowledge we
all have and make the leaps that are possible, they see things
in new ways. Creativity is an idea is a new combination of old
elements. There are no new elements, there are only new
combinations. Creativity is creativity and the ability to create
something from nothing to being. Typically, creativity will
bring up innovation, namely the ability to renew things that
already exist. If creativity is power or ability, innovation is
the result or product.

The 21st-Century Careers: Creativity Skill (21-CC:CS) is a
cognitive skill to bring up and develop new ideas, new ideas
as the development of an idea that has been born before and
skills to solve divergent problems of various points of view.
In this research measured, creative thinking skills includes
four aspects: (1) fluency (thinking smoothly), (2) flexibility
(thinking, flexible), (3) originality (originality of thinking),
(4) elaboration (decomposition). To measure this creative
thinking skill description tests is used to obtain data creative
thinking skills before and after learning.

Table 2: Normalized Gain Score <g> Each aspect 21 CC: CS

21 CC: CS % % <g> | Category
Indicator Pre-test | Pre-test
average | average
score score

Ask 455 925 0.86 | High
questions
Guess the 42.5 87.5 0.7 Moderate
causes
Assess the 415 85,8 0.6 Moderate
consequences
of an event
Improve the | 40 83.73 0.5 Moderate
outputs
Exceptional 38 82.13 0.3 Low
use
Forecasting 33 76.5 0.3 Low

Every aspect of 21-CS:CC student creativity has increased as
shown in Table 2. To solve questions type, ask questions,
students get the highest score and based on normalized gain
calculation results, aspects this also has the highest increase.
Guess the causes, Assess the Consequences of an event,
Improve the output gain which is being. The lowest gain
increase in the lowest Exceptional use and Forecasting
aspects. Most students still experience difficulty in working on
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the lowest usage and Forecasting types. This is possible
because students still dwell on the process of memorizing
physical material so their ability to innovate or imagine
creating an idea the new one is still weak.

In general, the aspects of Exceptional use and Forecasting has
the smallest increase possible because students are not
accustomed to expressing many similar answers and ideas to
problem. As for the test results, aspects Exceptional use and
forecasting in the average pre-test are good enough when
compared to the aspects other, so when compared with the
results of the post-test the increase is not too large. So that this
aspect can be further explored, class management should be
considered well, all student groups must be payed to have a
chance same in sparking ideas and answer the question, hereby
expected students accustomed to expressing their ideas with
smoothly.

Guess the causes, Assess the Consequences of an event and
Improve the outputs ranking second because at the time of
learning lasted students are indeed still difficult to give and
reveal ideas vary when given the problem. Besides that, in
answering the calculation application questions that demand
students provide several alternatives the answer using the
method only a few students differ able to answer more than
one answer. Improved aspects of Ask questions occupy
Highest original thinking skills what is seen is thinking about
the problem or things that nobody else thought of as well able
to express it in front of students other. The aspect that has the
most improvement High is elaboration i.e. Skill to describe
something in detail. In learning activities using GOOPI
students are trained to develop an inquiry sparked in an online
game and detailed it to in the work step to do the investigation,
conducted an experiment according to the description they
made themselves.

4. CONCLUSION

The creativity is essentially a person's ability to give birth to
something new, both in the form of ideas and real work, both in
new works and in combination with things that already exist,
all of which are relatively different from what was before.
Understanding creativity shows that there are three abilities
that are related to the ability to combine, solve or answer
problems, and reflect the operational abilities of creative
student. Using the GOOPI for an increase of 21 CC: CS
students in the moderate category after learning to use GOOPI,
this significant improvement showed the effectiveness of
GOOPI in facilitating student learning to improve creative
thinking skills. The conclusion of this study is the Open Online
Physics Instructional Game for Improving 21 CC:CS. Some
suggestions put forward by researchers include the teacher
should pay attention to each skill student groups so that initial
abilities are possessed students can be well honed and
experienced a significant increase. For further researchers are
expected to conduct research on more scope broad, different
school levels and material different, as well as for future
researchers expected to develop aspects others are complete
and more detailed.
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