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ABSTRACT

This study aimed to discover how the media feasibility and response of a limited trial of Trainer Kit Kapasitor
(TRAKTOR)/ Capacitor trainer kit based on Science Process Skills (SPS) as a physics learning media. The
method used was research and development (R&D) with the 4-D model. As a physics learning media,
TRAKTOR was designed to facilitate some experiment activities, including a experiment in capacitance
parallel plate capacitor, circuits of capacitors (series, parallel, series-parallel) charging-emptying capacitor. The
results showed that the media is feasible to use, namely, 93.74%, which was categorized as very feasible, and
the media obtained students' responses with an excellent category of 85.2%. Based on the result, TRAKTOR
can facilitate students' SPS and media suitable for use as a physics learning media.
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INTRODUCTION

Physics is a part of science that is useful for
finding regularity in the perspective of human
observation in the natural surroundings.
Learning physics at school aims to make
students understand physics concepts in life
(Bhakti, 2014). Besides, physics also seeks to
prepare students to have a scientific attitude in
discovering  physics  concepts  through
scientific methods. The scientific method is an
activity that is based on scientific
characteristics, namely rational, empirical, and
systematic (Sugiyono, 2017). The scientific
method can obtain through experiment
activities. Experiment is a learning method
that aims to form concepts and explain
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physical phenomena. The purpose of physics
is developing experiences to formulate
problems, make a hypothesis and test it
through experiments, design and assemble
experimental instruments, collect, process and
interpret data, and communicate experimental
results verbally and in writing (Hodosyova,
Utla, Vnukova, & Lapitkova, 2015).

The results of interviews with ten random
students in one of the High Schools (SMA) in
the Pandeglang city, that experiment activities
are more fun than learning theory in class.
However, in reality, there are still a few
experiment activities carried out; one of the
causes is the limited equipment to support
experiment activities. While the experiment
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equipment is essential because it can illustrate
physical phenomena along with abstract
concepts, optimizing the linkages of all
elements of learning and the involvement of
all the senses of students so that students more
readily understand conceptual material, in this
case, is capacitor material (Cahyono, Prabowo,
& Setyo, 2018). In his book, Arsyad (2017)
states that learning media is experiment
equipment that can concretize abstract things
so that they can be reached with a simple
thought and can be seen and felt.

The 2013 revised curriculum stated Basic
Competencies/ Kompetensi Dasar (KD) 4.2
for class XII, which requires experiment
activities that contain experiment activities on
the capacitor material (charging and emptying
capacitors). Therefore, it is essential to
conduct experiments related to capacitors to
support the physics learning process. One of
the skills honed in experiment activities is the
science process skills (SPS). Following
research has been done that physics
experiment can influence and improve science
process skills (Wiwin & Kustijono, 2017).
Another study also states that learning science,
especially physics, is inseparable from the
development of science process skills
(Siswanto, Yusiran, & Fajarudin, 2016).

The equipment in the school laboratory is
considered to be sufficient and complete
enough. However, in this study, the researcher
wants to examine more closely related to
capacitor  experiment. The capacitor
experiment activity has not been carried out
due to the unavailability of parallel plate
capacitor equipment, but the capacitor circuit
and charging-emptying are available in
separate components. So, the capacitance
material of pieces of capacitors is paralleled
only through the learning process in the
classroom. The interview result with a physics
teacher at one of the high schools in
Pandeglang also stated that the students' skills
at the experiment time considered to be
lacking.

As research has been done by Muhaimin &
Soeprianto (2015), which states that the real
concept picture is displayed by learning media
in the form of capacitor media helps students

to be able to present predictions of phenomena
that will occur related to the problems
presented. The real concept picture shown by
capacitor media influences students' ability to
combine with other knowledge to form new
knowledge experience relevant to the given
question. Other research states that students'
SPS increases because, during the experiment,
students challenged to observe and solve
problems (Malik, Handayani,
2015).

The development of previous research con-
ducted by Muhaimin (2015) is by modifying
the experiment equipment. The advantage of
TRAKTOR is easy to carry everywhere
(portable). This study has some similarities
with previous research; namely, the media is
used to facilitate some experiment activities,
such as parallel capacitor capacitance, charg-
ing and emptying of the capacitor, and capaci-
tor circuits. This study is different from previ-
ous research that previous research is focused
on scientific attitudes and understanding of
student concepts while this study is focused on
students' SPS. Also, the development of this
study is that the media is accompanied by a
capacitor experiment guide based on SPS and
not a cookbook. Based on the problems and
previous research that have been carried out,
the study will be conducted with the title
"Development of Capacitor Kit Trainer
(TRAKTOR) as a Physics Learning Media
Based on Science Process Skills (SPS)".

& Nuraini,

RESEARCH METHODS

The method wused is research and
development (Research and Development).
The steps of research and development of
experiment equipment in this study use the 4-
D model developed by Thiagarajan (1974).
The 4-D development model consists of four
main phases; there are define, design, develop,
and disseminate. At the defining aspect, the
analysis is carried out by the study literature,
observation, and interviews. The defining
phase is carried out by identifying the
problem, the students' characteristics, the
concepts to be taught, and the formulation of
learning objectives. At the design phase,
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choosing the appropriate lesson topic,
selecting a format, and designing the design of
the experiment equipment developed. The next
phase of development is the making of
TRAKTOR. Then, validation was carried out
by three wvalidators. After going through
revisions based on input from expert
validators, a randomized trial was conducted
on five high school/ vocational students
randomly in Pandeglang to determine the
feasibility of the development product. The
trial results are used to improve the product.
After being repaired, the product is tested
again until it reaches a useful media and
approaching theory. Next is the distribution
phase, where the media are distributed to get
responses, feedback to the TRAKTOR that has
been developed.

Data analysis

Data analysis techniques used in this study
are qualitative analysis techniques and
quantitative analysis, can be described as
follows:

1. Qualitative analysis

Qualitative analysis is used to describe the
results of expert validators' suggestions, user
responses, documentation, and observation
notes when implemented. The data were ana-
lyzed qualitatively; some ideas will be used to
improve the product at the revision phase,
while the documentation notes are described to
determine the usefulness of the product devel-
oped when used in learning.

2. Quantitative analysis

Quantitative analysis is used to describe the
quality of experiment kits based on expert val-
idators' assessments and students' responses
after using capacitor experiment kits based on
science process skills. Measuring
TRAKTOR's feasibility as a developed learn-
ing media, expert validation questionnaires,
and students' responses used a Likert scale
with five alternative answers. For each ques-
tion given that is very good (VG), good (G),
quite (Q), less ( L), and very lacking (VL).
The qualitative assessment was changed to
quantitative with the following score rules

Tabel 1. Giving Expert Test Questionnaire

Scores
Category Score
Very good 5
Good 4
Quite 3
Less 2
Very lacking 1

The value obtained from each aspect is
then percentage by the following formula:

NP:SiMxIOO% (1)

Information: “NP” is percentage value, “R” is
total score obtained; and “SM” is maximum
score.

The percentage value obtained is then
converted to a qualitative value with the
criteria in table 2.

Tabel 2. Ideal Assessment Categories for

Expert Test
Score(%) Qualitative category
81-100 Very feasible
61-80 Feasible
41-60 Quite feasible
21-40 Less feasible
0-20 Not feasible

The experimental results were then com-
pared with the results of research conducted
by Rusmiati (2013) namely the acrylic dielec-
tric constant value of 3.04 + 0.33 using the
equation (Astuti, 2016):

experiment theory

&= x100% 2)

theory

Where, is error percentage (%); is Xexperiment
experi- ¢ ment result; X,., and is theory
result.

RESULT AND DISCUSSION

The first phase (define) produces the con-
clusion that one of the experiment equipment

Copyright © 2020, Gravity, ISSN 2528-1976



Gravity: Jurnal llmiah Penelitian dan Pembelajaran Fisika, 6(2), 2020, 105

needed is an experiment capacitor. Then pro-
ceed to the second phase, namely design. This
phase creates the design of the capacitor kit
trainer that will make, as shown in Figure 1.
At the development phase (develop), we car-
ried out the process of making media that re-
fers to the design that has made. Figure 2
shows the TRAKTOR media that have been
made. The media is equipped with a storage
box and is portable (can be carried anywhere)
with dimensions of 46 x 30 x 14 cm. The me-
dia consists of components and materials that
make up the equipment's proportional design
so that it makes users interested in using it.
The media is also equipped with experiment
guides so that it is easy to use (user friendly).
The following are some of the results of exper-
iments that have been conducted using a ca-

Rangkaian
Kapasitor O—iI—O
04F o

|—O-1 FO—OAFG—0H FO—|
O—|V: O
Pengisian dan
Pengosongan Kapasitor

T P O

==

TRAINER KIT KAPASITOR
(TRAKTOR)

Figure 1. Top view of the design of the capac-
itor kit trainer (TRAKTOR)

Figure 2. Full TRAKTOR

pacitor kit trainer that has been made.

Parallel plate capacitor experiment

In the parallel plate capacitor experiment, a
trial carried out using dielectric media in the
form of acrylic. The results of the experiment
can be seen in table 3.

Table 3. Result of parallel plate capacitor ex-

periment
Dielectric Dielectric Error
thickness
Air 0,5 cm 2,00%
Acrylic 0,6 cm 7,89%
Acrylic 0,7 cm 4,60%
Acrylic 0,9 cm 3,61%

The calculation results show that the error
that occurred is still below 10%, meaning that
TRAKTOR can be used for physics experi-
ment activities on the capacitor material. An
error can occur due to air trapped between the
dielectric and the capacitor plate. The air die-
lectric constant and the acrylic constant are
different, so the dielectric circuit in the capaci-
tor plate will be different, whether forming a
series or parallel between acrylic and air.
Therefore, there is the air that is trapped influ-
ences and causes the resulting capacitance to
differ from the theoretical calculation results.
Also, mistakes can be caused by the imperfect
(less symmetrical) shape of the chip.

Capacitor circuit experiment

In the capacitor circuit experiment, two
types of experiments are carried out: series and
parallel circuits. In both experiments, a trial
was carried out on the charge stored on the
capacitor. In the series circuit the charge re-
sults obtained on each capacitor, data collected
as follows: Q= 1101,68uC, Q,= 1096,98uC,
Q5= 1106,00uC, and Qu= 1121,12pC. The
difference in charge stored on each capacitor
against the total charge can be seen in table 4.

In theory, the capacitors are arranged in
series. Q; = Q,= Q3 = Q. The difference in
laboratory experiments results with theory still
under the tolerance, the average of the differ-
ences below 5%. It shows that the trainer kit
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works quite well in the experiment series ca-
pacitor circuit. The difference results are
caused by several factors, including the accu-
racy of measuring instruments—the condi-
tions of the constituent components of equip-
ment, and the obstacles in the cable connect-
ing each component.

Table 4. The charge stored in the series ca-

pacitor
Capacitor Electrical difference
charge (uC )
Capacitor 1 1101,68 1,73%
Capacitor 2 1096,98 2,15%
Capacitor 3 1106,00 1,35%
Series circuit 1121,12 0,00%

As for the parallel capacitor circuit experi-
ments, data obtained as follows: Q; =
2758,9uC, Q,= 2758,9uC, Q3= 5870,01C, and
Que= 11378,8uC. The results of this experi-
ment are one hundred percent (100%) accord-
ing to the parallel capacitor circuit theory,
where the total charge is equal to the total
charge on each capacitor, Qu = Q;+ Q2+ Q3.

Charging and emptying capacitor experi-
ment

The capacitor kit works well in the capaci-
tor charging and emptying experiments. Fig-
ures 3 and 4 show the graph of charging and
emptying capacitors of the experimental re-
sults.
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Figure 3. Capacitor emptying
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Figure 4. Capacitor charging

The results obtained in the capacitor
charging and emptying experiments in fig-
ures 3 and 4 show the concordance between
the experimental results and the theory,
which is an exponential graphical form.
The design of TRAKTOR media based on
SPS on the capacitor material that has been
validated by the wvalidators has several
changes and then revised based on the sug-
gestion of the validator, among others, add-
ing the total mass information of the
TRAKTOR as a whole. Before being re-
viewed, TRAKTOR developed assessed by
the validator. SPS indicators were adapted
from Ongowo & Indoshi's (2013) research
and Widian Pangestika, Suryanto, & Vi-
yanti (2013). The indicators including ob-
serving, classifying (classifying), predicting
(predicting), communicating, interpreting
observations (interpreting), control varia-
bles, hypothesize, plan experiments/
investigations, and apply sub-concepts/
principles. Based on the results of the
TRAKTOR media assessment by the vali-
dator obtained an average yield of 93.74%
with a very feasible category. Then, the
product is limited to testing the user re-
sponse to high school students as many as
five people randomly. The results of the
trial response get a percentage of 85.2%
with the category of Very Good.

Figure 5 is the result of the acquisition
of TRAKTOR media assessment by 2
validators consisting of several aspects,
then the results of each aspect are averaged
to obtain a final percentage of 93.74% with
a very feasible category.
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Figure 5. TRAKTOR validation result

The validation results on the aspects of
efficiency and safety have a percentage
with the smallest value, among other as-
pects, due to deficiencies in the
TRAKTOR media. Which is that this me-
dia can generate stun when used if the
safety during the trial is not used, meaning
in the use of this media must pay attention
to the safety and conditions or place of the
experiment. For example, when using me-
dia is not recommended in a place where
the user's body touches directly with the
surface of the earth, except using an insu-
lator that prevents members of the body
from the surface of the earth such as the
use of rubber-based footwear
(Herminiwati, Yuniari, Sugihartono, &
Sholeh, 2015). Then for the aspect of ac-
curacy has the second smallest value after
security because TRAKTOR media do not
have perfect equipment accuracy, but
there are errors from the data generated.
Besides, the efficiency in the instructions
for using the equipment is based on the
validator's suggestion that using the power
supply must be made more explicit by
providing pictures and symbols to be more
easily understood by the user and safe
(preventing damage to the equipment).
The validator also added that the layout of
the buttons was not right, and there was no
switch indicator on the power supply, but
due to the researcher's limitations, sugges-
tions could not be made. Aspects of inter-
ests and interests and material aspects

have the highest percentage because
TRAKTOR media are designed to attract

87.00%
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Art and Benefit Quality

86.40%

Figure 6. The limited trial result

Figure 6 is the result of the acquisition of a
limited response trial by five high school / vo-
cational equivalent students randomly consist-
ing of several aspects, including aspects of
attractiveness and benefits (aspects of art and
benefit) and aspects of media quality (quality).
Then the results of each aspect are leveled -
Flattened to obtain a final percentage of 85.2%
with a perfect category. But there are some
obstacles in the implementation of the limited
response trials. Namely, the initial understand-
ing of students about experiment equipment
still lacks because students rarely do experi-
ment activities, and students have never done
experiment activities on electrical material.
Therefore, students are first given an under-
standing of the use of media, such as measur-
ing instruments and introducing experiment
components. In experiment guides, there are
ways of using equipment and introducing me-
dia; only students feel insecure and afraid of
making mistakes because they are not accus-
tomed to using equipment and components.

The results of the validation by the experts
and the students' responses presented previ-
ously show that TRAKTOR based on SPS is
appropriate and get good answers from users.
Based on the data that has been obtained and
analyzed, it can be synthesized that
TRAKTOR media is said to be feasible to use
with some notes of advantages and disad-
vantages. Here are some advantages and dis-
advantages of the capacitor kit trainer that has
been made.
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TRAKTOR can facilitate some experi-
ments, including dielectric material in the ca-
pacitor, circuits of capacitors (series, parallel
and mixed), charging and emptying capacitor.
Besides that, TRAKTOR is packaged in an
attractive form and easy to carry everywhere
(portable). Also, TRAKTOR used in experi-
ment activities are already equipped with com-
ponents that support experiment activities and
are equipped with experiment guides.

The researcher's limitation in arranging a
circuit on the power supply cause electricity to
propagate if the user's body is attached directly
to the ground. Also, the equipment storage box
has no handle to make it easier to move the
equipment. These TRAKTOR media are made
of corrosive components. That is, maintenance
of TRAKTOR media must be done routinely
and well.

After finishing the final product and limited
testing, which is then revised according to the
validators’ suggestions, the next step is the
disseminate phase. The dissemination phase of
this study was limited. It gave TRAKTOR to
the Laboratory of Physics of Universitas Sul-
tan Ageng Tirtayasa so that it could be used to
facilitate experiment activities on the capacitor
material and be used as well as possible. Due
to the limitations of research in terms of time,
funding, and researcher's ability, the
TRAKTOR media not carried out dissemina-
tion on a large scale, meaning that it is not
produced in large quantities.

The results obtained in this study are in line
with Muhaimin (2015) research that the result-
ing capacitor media can be used for experi-
ment activities and get good results.
Muhaimin's (2015) research focused on scien-
tific attitudes and understanding of student
concepts while in this study focused on stu-
dents' SPS. Another difference is by modify-
ing the shape of the media into a portable kit
trainer. The media is accompanied by a capac-
itor experiment guide based on SPS, where the
manual is not a cookbook. This study is also
relevant to research conducted by Cahyono et
al. (2018), where experiment equipment in
experimental-based learning can illustrate
physical phenomena and abstract concepts,
optimizing the linkages of all elements of edu-

cation and the involvement of all learners'
senses. It means that experiment equipment
can support student skills involving all the
senses, namely science process skills, in this
case, on the capacitor material.

CONCLUSION

Capacitor Experiment Kit Trainer based on
SPS has been produced very well and can be
used for the learning process, especially ca-
pacitor experiment activities, to facilitate stu-
dents' science process skills. This media was
declared feasible with a value of 93.74% with
a very feasible category, as well as getting
students' responses in the very good category
of 85.2%.
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